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ABSTRACT 
Aims:  The aims of this thesis were to investigate trends and ethnic disparities 

in the incidence and outcome of stroke in Auckland, New Zealand between 

1981 and 2003. 

Methods:  Trends were assessed using information from the three Auckland 

Regional Community Stroke (ARCOS) studies, conducted in people (aged 

≥15 years) in Auckland, during 12-month calendar periods in 1981-1982, 

1991-1992, and 2001-2002.  These studies used comparable definitions and 

case finding methods and have been shown to meet the stringent criteria for a 

population-based “ideal” stroke incidence study.  Rates were calculated using 

Poisson distribution and are presented with 95% confidence intervals.  Trends 

in survival were assessed using Cox Proportional hazards regression 

modelling. 

Results:  Overall trends in the incidence and event rates of stroke declined 

across the study period.  These declines were significant in males and for the 

ages 65 to 74 years only.  However, growing disparities in the rates of stroke 

between the major ethnic groups in New Zealand were found, with significant 

declines in New Zealand Europeans and increases in Māori and Pacific 

populations.   

Dramatic improvements in survival over the study period were also found, with 

the greatest improvement in the acute period, within the first 28-days after 

stroke.  Adjustments for patient or disease severity factors strengthened the 

survival model.  However, adjustments for care/service factors nullified the 

survival model, thus explaining most of the improving trend. 

Conclusions:  The small declines in the incidence of stroke, improvements in 

survival and the ageing of the New Zealand population will lead to data 

dramatic increases in the number of people living with the effects of stroke.  

To maintain stable numbers of strokes occurring, more intensive prevention 

strategies need to target high-risk populations and population-wide health 

education strategies are needed to improve the health of the general 

population, hence reducing the risk of stroke. 
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1.   INTRODUCTION 

 

“Almost 6 million people will die from stroke in 2005, and 
nearly 90% of these deaths will occur in less-affluent 
countries.  Without urgent action, deaths from stroke will 
increase over the next decade by 12% globally – and by 
20% in low-income countries.” The Lancet Neurology 
(2005)1 

 

Stroke is a chronic, disabling, non-communicable disease of increasing global 

importance.  Due to the ageing and adverse lifestyle changes in most 

populations around the world, the risk of stroke is mounting, especially in 

developing countries.2  Currently, stroke is ranked the second single leading 

cause of death worldwide, a position that is expected to remain stable for at 

least the next few decades.3, 4  It has been estimated that 15 million people 

worldwide suffer a stroke each year.  Of these, one third will die and at least 

another third will be left with varying degrees of physical disability and mental 

ill-health, placing extra social and economic burden on families, health 

systems and societies.5  As a result, stroke is the second leading cause of 

loss of healthy years of life due to death and disability, as quantified by the 

metric disability adjusted life years (DALYs).4, 6  These data, along with others 

from the Global Burden of Disease study,4, 7 have prompted the World Health 

Organization (WHO) to recognise the impending worldwide epidemic of 

chronic disease (including stroke) and call for action to prevent an increase in 

chronic disease worldwide.8, 9   

Research on variations and disparities in health, be it between age groups, 

ethnic groups or socio-economic groups, provides information on the rate and 

outcome of disease.  This assists the development of appropriate prevention 

and treatment strategies for the population as a whole and enables the 

targeting of high risk groups.  A number of socio-demographic variables are 

well recognised to be associated with increased risk of having a stroke and 
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subsequent death from stroke.  Essentially, stroke is a disease of the elderly, 

with over 80% of all events occurring in people over the age of 65.10  Hence, 

age is the most important risk factor for stroke and this risk has been shown to 

increase exponentially with age.11  Several studies conducted in developed 

countries have shown an increased risk of stroke among ethnic minority 

populations, with double the rate of stroke and higher risk of dying, in ethnic 

minority groups as compared to the majority (typically white) populations.12-16  

Ethnic minorities also tend to have their strokes at younger ages and these 

are more often more severe and of haemorrhagic form than white 

populations.12, 13, 15-17  Possible explanations for these disparities are 

differences in the prevalence of potentially modifiable vascular risk factors 

such as hypertension, obesity and diabetes, as well as socio-economic and 

other factors including variation in access to health care.18   

With the rapid ageing of populations in many countries, especially developing 

nations,3, 19 the absolute numbers of strokes are likely to increase even if rates 

are stable or are declining over time.20, 21  It has been estimated that there will 

be a doubling in the numbers of stroke deaths in the United States (US) over 

the next three decades, with the greatest increases in minority groups, which 

will outpace the overall growth of the population.22  However, as stroke is 

essentially a preventable and to a certain extent, treatable disease, efforts can 

be made to reduce the burden of the disease and slow down or even halt the 

projected increases in the number of strokes.  Therefore, untangling the 

puzzle of past and future trends in the burden of stroke is a matter of pressing 

importance because of its health impact on the community, especially the 

elderly, who constitute the fastest-growing segment of the population.  If the 

incidence of stroke were to stabilise rather than fall, there would soon be an 

absolute increase in the numbers of disabled survivors of stroke, with major 

consequences for the health system and society.  Population-specific data on 

trends in the incidence of stroke can provide important feedback on 

preventative strategies, while patterns of case fatality and disability bear a 

closer relationship to the management of acute stroke.  



 

 3

The understanding of the burden of, and trends in, stroke is reliant on the 

availability of high quality epidemiological data, investigating the risks and 

consequences of the disease.  There is much variation in the surveillance of 

stroke in populations, providing varying degrees of bias in estimates of the 

rates and outcomes of stroke.  Mortality data are most commonly used, as it is 

collected through routine registers in most countries.  However, these 

registers capture only one third of all strokes,5 and the data quality is variable 

in developing countries.23  Hospital-based stroke registers are also used to 

survey stroke in a population, however, such registers may miss up to 40% of 

out-of-hospital cases.24, 25  Ideally, the epidemiological study of stroke should 

be undertaken in a population-wide context, as a large proportion of the 

burden of stroke is borne by families and by health services outside the 

hospital sector.26, 27  However, population-based studies are particularly 

challenging,27, 28 so they are relatively rare when compared with studies using 

the convenience of mortality data, hospital-based stroke registers, or 

incidence studies in selected (younger) age groups.  Even population-based 

studies may lead to biased estimates unless standard definitions, high quality 

methods of case ascertainment and analysis are used.  Therefore, Malmgren 

et al. published a list of 12 methodological criteria in 1987 to standardise 

definitions and case ascertainment.28  This involves a prospective study 

design, using multiple and overlapping sources of case notification, in order to 

identify all stroke events with a confirmed pathological diagnosis in a defined 

population.  Such methods provide the least biased estimates of stroke and 

enable comparability between populations.28  These criteria have evolved, 

being updated over the years, with changes in case-finding methods and 

improvements in stroke diagnosis and management.  Such studies fulfilling all 

or most of the criteria have been termed “ideal” stroke incidence studies to 

identify them as unique, well designed studies with the least biased data, and 

serve as the gold standard for undertaking studies of the incidence of 

stroke.26, 27, 29-31 

Much of the data on temporal and geographical trends in the rate of stroke 

has arisen from mortality studies.  Trends in stroke mortality have been falling 

in many developed countries, including New Zealand, Australia and the United 
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States, since the early 1950s, although the rate of this decline appears to 

have decelerated recently.32-34  However, there is still great variability in the 

rates of mortality from stroke around the world, with ongoing high rates in 

Eastern Europe and Asia.35  Temporal trends in stroke mortality around the 

world are diverging with increasing rates in developing countries and 

decreasing rates in more affluent, industrialised countries.35, 36  To what extent 

these trends relate to trends changes in the incidence or outcome from stroke 

is uncertain. 

There have been varied reports of trends in event rates and outcome from 

stroke due to variability of study designs, methodology and in the quality of the 

studies.  Declines in the incidence of stroke were found in the mostly 

homogeneous populations who participated in the WHO Monitoring of Trends 

and Determinants in Cardiovascular Disease (MONICA) collaboration, except 

for Eastern European populations where trends increased over time.37  Most 

recently, a large decline in the rate of incident stroke was found over 20 years 

in Oxford, but short-term case fatality was stable.38  Other studies have found 

no change or even increases in the incidence of stroke and variable changes 

in case fatality over time.  Due to the variability across a number of 

populations, even in ideal stroke incidence studies, there is a need to 

investigate trends in the rate of stroke in a stable, multi-ethnic population, 

using reliable and consistent data. 

Much of the data on temporal trends in stroke has been collected within 

homogeneous developed populations.  The limited data on ethnic disparities 

in trends in the rate of stroke over time have shown diverging trends among 

ethnic groups within developed countries.  Although, stroke mortality has 

declined in all ethnic groups in New Zealand, the gaps between ethnic 

minority groups and European New Zealanders have increased due to smaller 

declines in Māori and Pacific populations.39, 40  Greater increases in the rates 

of hospitalised stroke have been shown for African Americans when 

compared to other ethnic groups in the US,41 which in turn has been proposed 

as an explanation for the excess stroke related mortality in African 
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Americans.42, 43  It has also been shown that the disparity in stroke rates 

between ethnic groups in the US is not changing over time.43   

As the largest Polynesian city in the world, with a relatively large stable 

indigenous Māori population and high immigration from Pacific and Asian 

countries, Auckland, New Zealand, provides a unique opportunity to 

investigate trends in the incidence and outcome from stroke among a multi-

ethnic population.  Previous studies of stroke in Auckland have shown that 

Māori and Pacific people have higher rates of stroke, and on average these 

occur 10-15 years earlier than New Zealand Europeans.13  Greater deaths 

and poorer functioning from stroke have also been shown to be worse for 

Māori and Pacific New Zealanders.13, 44  The New Zealand population is 

ageing at an alarming rate, with the population aged 65 years and older which 

is expected to grow by 72%, between 2001 and 2021.19  Māori and Pacific 

populations are also ageing at a quicker rate than New Zealand Europeans, 

leading to a larger group of people being at risk for stroke.19  Ethnic disparities 

in health outcomes in New Zealand should be investigated to allow for more 

culturally-appropriate planning of strategies to improve the management of 

risk factors, acute hospital care, rehabilitation and continuing care for people 

affected by stroke. 

The Auckland Regional Community Stroke (ARCOS) studies of 1981-1982,45, 

46 1991-1992,26 and 2002-2003 are among the few population-based stroke 

studies that are recognised as meeting the criteria for an ideal stroke 

incidence study.  This is the first time that three large population-based ideal 

stroke incidence studies have been used to investigate trends in the rate of 

stroke and outcome from stroke across two decades enabling the 

investigation of the effects of socio-demographic changes on the rate of stroke 

over time.  The results of this study may identify groups at high risk for stroke 

and may be used to inform future research and health care planning in stroke 

both in New Zealand and worldwide.  This data is particularly applicable to 

other populations with ethnically disparate communities, where resources may 

be too limited to conduct such a large population-based study on stroke. 
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The aim of this thesis is to compare data from the third ARCOS study 

conducted during 2002-2003 with that from the two previous studies (1981-

1982 and 1991-1992), to investigate the effects of socio-demographic 

changes on trends in stroke incidence and outcome after stroke.  

Explanations for any trends and disparities will be explored through 

associations with trends in patient demographics, vascular risk factors, 

hospital management, and stroke care in the community.  These trends in 

stroke rates and outcome will be applied to the New Zealand population to 

estimate the number of stroke events and deaths occurring now and in the 

future, so informing health care planners and policy makers of the future 

burden of stroke in New Zealand.  
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The specific aims of this thesis are: 

• to describe the current burden of stroke on the individual, the family 

and the community, and ways to reduce the burden through the 

control and modification of common risk factors for stroke and 

methods of treatment and prevention (Chapter 2); 

• to evaluate the methods used to survey stroke in a population and 

review the literature on temporal trends of stroke mortality and 

incidence, providing a systematic review of trends in stroke rates in 

ideal stroke incidence studies, explanations for these trends and the 

future burden of stroke (Chapter 3); 

• to outline the standardised methods and definitions used in the three 

ARCOS studies and the statistical methods used for analysis (Chapter 

4); 

• to describe trends in case ascertainment, case mix, and stroke 

incidence and event rates by age and sex across the three studies 

(Chapter 5);  

• to describe ethnic disparities in trends in case mix, and stroke 

incidence and event rates by ethnicity across the three studies 

(Chapter 6);  

• to describe and model trends in mortality and survival across the three 

studies (Chapter 7); 

• to project the future burden of stroke in New Zealand (Chapter 8); 

• to present conclusions on trends in stroke and its implications for 

health policy and practice in New Zealand (Chapter 9). 
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2.   STROKE AND ITS EFFECTS 

Annually, 15 million people worldwide will suffer a stroke and of these, a third 

will die and another third will be left severely disabled, placing extra burden on 

families and communities.5  Nearly 90% of the worldwide burden of stroke 

occurs in developing (low and middle income) countries.1  Stroke is also a 

heterogeneous disorder, with a greater burden falling among the elderly and 

ethnic minority groups.  The surveillance of stroke involves the ongoing 

collection of information on the number of strokes and associated risk factors 

occurring in a well-defined population.  The monitoring and analysis of the 

incidence and prevalence of stroke allows a better understanding of the 

aetiology of the disease and the impact of primary and secondary prevention 

strategies.  It is essential to have high quality information for assessing 

healthcare needs and in the planning and implementation of health policies, 

but unfortunately this type of information is limited.   

This chapter provides an overview of how stroke is measured in a number of 

populations and how it is related to lifestyle and risk factors.  The first section 

provides a description of what a stroke is and how it is commonly defined in 

research.  The second section describes the common non-modifiable and 

modifiable risk factors for stroke.  The third section describes how the 

incidence of stroke can be reduced through the primary prevention of 

modifiable risk factors.  The fourth section describes demographic and 

geographical variations in the rates of stroke mortality and incidence.  The fifth 

section describes variations in different outcome measures of stroke.  The 

final section describes common acute treatment and care for stroke patients 

and secondary prevention measures used to prevent recurrent stroke.   

2.1. What is a Stroke? 

The term “stroke” refers to a clinical syndrome of vascular origin, typified by 

rapidly developing signs of focal or global disturbance of cerebral functions 

lasting more than 24 hours, or leading to death.47  In contrast, a transient 

ischaemic attack (TIA) is defined as a  syndrome with rapidly developing signs 
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of focal or global disturbance of cerebral functions that subside within 24 

hours of onset.48  TIAs have been shown to be predictive of a more major 

stroke in the future.49, 50 

A stroke occurs when the blood flow to the brain is impaired, resulting in a 

loss of oxygen and nutrients to the brain, thus causing damage to the brain 

tissue.  Common signs and symptoms of having a stroke include hemiparesis, 

aphasia, dysphagia, dysarthria, hemianopia, ataxia, apraxia, severe headache 

and/or disturbed consciousness.51  Signs and symptoms usually occur 

suddenly or are known upon waking.   

There are two major pathological types of stroke: ischaemic and 

haemorrhagic.52  An ischaemic stroke typically occurs when an artery bringing 

blood to the brain gets blocked by an embolus (blood clot) or through 

atherosclerosis (thickening of the artery walls).  The neurons in the area of the 

blockage are deprived of blood and oxygen and hence die, causing part of the 

brain to stop working and body functions to be impaired.  Ischaemic stroke 

can be further classified according to their pathophysiology, into large-vessel 

atherothrombosis, cardioembolism, lacunar (small-vessel), other determined 

cause (dissection, sickle cell disease) and undetermined ischaemic stroke 

(ischaemic stroke that cannot be attributed to a single cause).53, 54  Ischaemic 

strokes are the most common form of stroke and typically represent over 80% 

of all strokes in developed populations.  Haemorrhagic strokes are generally 

more severe than ischaemic strokes with two main subtypes: a primary 

intracerebral haemorrhage (PICH) and a subarachnoid haemorrhage (SAH).  

A PICH occurs when a small artery in the brain ruptures or leaks blood into 

brain tissue forming a haematoma and hence, damaging the cells.  PICH 

occurs mostly in the setting of chronic hypertension and is the most frequent 

form of haemorrhagic stroke.  A SAH most frequently occurs from an the 

rupture of a cerebral aneurysm, where a weakness in the wall of an artery 

forms a balloon and ruptures, leaking blood into the subarachnoid space and 

cerebrospinal fluid.54  SAH is a severe form of stroke with over 50% of 

patients dying in the first three months and it is typically preceded by a sudden 

severe headache.  Other secondary causes of haemorrhagic stroke are 
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arteriovenous malformations, anticoagulation therapy, bleeding disorders and 

trauma.   

The diagnosis of stroke is typically based on the clinical assessment of the 

patient, which has been shown in epidemiological research to be a reliable 

indicator of the incidence of stroke.55, 56  The WHO standard diagnostic 

criterion for defining a stroke is “the sudden onset of focal or global 

neurological deficit lasting 24 hours or longer or leading to death, of presumed 

vascular origin”.47  This definition includes PICH and SAH, but excludes cases 

of TIA or silent stroke detected by neuroimaging only.  A popular approach 

used to further classify ischaemic strokes is according to the TOAST criteria 

(from the Trial of Org 10172 in Acute Stroke Treatment); large artery disease, 

cardioembolic, small artery disease or other ischaemic stroke.53  An alternate 

classification of ischaemic stroke subtypes was introduced in the Oxfordshire 

Community Stroke Project: total anterior circulation infarction, partial anterior 

circulation infarction, posterior circulation infarction, and lacunar infarction.57  

Neuroimaging such as computed tomography (CT) or magnetic resonance 

imaging (MRI) is used to differentiate between stroke types and ischaemic 

stroke subtypes, to identify the location of the lesion and to direct the correct 

treatment of acute stroke.  Lumbar puncture is sometimes used to identify 

patients with suspected SAH but with normal neuroimaging, where blood is 

found in the cerebrospinal fluid. 

2.2. Risk Factors for Stroke 

There are a number of risk factors that have consistently been shown to be 

associated with higher rate of stroke.  Some of these are non-modifiable such 

as age, sex, ethnicity and being of lower socioeconomic status.  However, 

some are potentially modifiable or controllable, such as hypertension, high 

cholesterol, having diabetes, a history of heart disease, being overweight or 

obese, smoking, and living a physically inactive lifestyle.   

2.2.1. Non-Modifiable Risk Factors 

Investigating the risk of stroke in non-modifiable risk factors such as age, sex 

and ethnicity enable the identification of high-risk groups and aiding the 
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development of health strategies and policies, targeting the reduction of stroke 

burden among these groups.  People recognised as belonging to a high risk 

group may be identified for more intensive primary prevention of stroke 

through the control of modifiable risk factors. 

Age and sex 

Age is the most important risk factor for stroke and stroke is essentially a 

disease of the elderly, with over 80% of strokes occurring in people over the 

age of 65.10  Stroke risk increases exponentially with age.  The risk of stroke 

doubles with each successive decade of age after the age of 55 years.11  

Stroke is uncommon in children younger than 15 years of age and if it does 

occur, it is usually due to sickle cell disease.  Males tend to have their strokes 

on average six years younger than females,58 and at all ages, males have a 

higher risk of stroke than females.11, 59  However, females are at higher risk of 

having a SAH than males in all age groups.60-62  Stroke has also been shown 

to affect different ethnic groups at different ages, with minority groups tending 

to have their strokes at younger ages.13, 15   

Ethnicity 

It has been well established that ethnicity is associated with disparities in 

health and access to healthcare.40, 63  In particular, ethnic minority groups are 

associated with an increased risk of non-communicable disease worldwide.8  

However, ethnicity is a complex and heterogeneous concept and is difficult to 

define as it encompasses a wide range of personal characteristics, such as 

biology, history, culture, language, and religion.64  Ethnicity is also commonly 

confused with the term race which is used to describe genetic or biological 

differences between groups.65, 66  Ethnicity is useful in epidemiological 

research as it highlights the social and cultural characteristics of people and 

not just their biology.67  However, ethnicity is not a dichotomous variable.  For 

example, most people identify with a range of different heritages, cultures and 

languages and typically do not want to be forced to identify with just one 

ethnic group.64, 68  It has also been shown that people may change the ethnic 

group that they identify with through changes in definitions and politics.69  

Researching health in developing countries is difficult and costly, yet is highly 
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needed due to large projected increases in age in these countries.3  So an 

advantage of researching health and ethnicity in developed countries is that 

the results may be extended to indigenous populations in developing 

countries.  Researching migrant populations in developed countries may also 

highlight how the lifestyle adoption of the new country (acculturation) may be 

protective or detrimental to the health of that migrant population.70 

It has been well documented that ethnicity, in particular ethnic minority 

groups, are associated with an increased risk of stroke and increased 

mortality.12, 15-17  In the US, African Americans carry a disproportionate burden 

of strokes relative to their number in the population,71 and have double the 

rate of stroke compared to white Americans.72  Possible explanations for the 

increased risk of stroke in minority groups are lower levels of income and 

occupation and the increased prevalence of potentially modifiable vascular 

risk factors such as hypertension, obesity and diabetes in their populations.73, 

74  Ethnic disparities in stroke rates and outcomes will be explored in more 

detail in the following sections.  

Socioeconomic Status 

Socioeconomic status (SES) incorporates income, education, occupation and 

socio-cultural factors.  Lower levels of SES are associated with ethnic minority 

groups and increased mortality.75  SES is recognised as an important risk 

factor for stroke, with the incidence and poor outcome increasing as 

socioeconomic deprivation increases.76-79  Stroke risk has been shown to be 

inversely related to income, with higher income associated with lower 

mortality.77  Men in manual occupations have also been shown to be 60% 

more likely to die from stroke than professionals.78  Patients with stroke from 

low SES backgrounds also tend to be younger, have worse outcomes, and 

require more care after their stroke.80, 81  It has been shown in an international 

overview of socioeconomic inequalities in stroke mortality that countries such 

as the Nordic welfare states which have adopted an egalitarian healthcare 

system, have small differences in mortality between upper and lower SES 

groups.76   
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The relationship between ethnicity and SES is varied.  SES may explain most 

of the association between ethnicity and stroke, however, ethnicity does not 

explain the association between SES and stroke.82  In New Zealand, even 

after controlling for age and ethnicity, stroke mortality rates in the lowest SES 

group were approximately twice that of the highest group.83   

Family History 

Having a positive family history of stroke has also been associated with 

increased risk.84  However, recent reports provide conflicting results and data 

is limited due to the complexities of genetic studies.  In a recent meta-

analysis, family history of stroke was found to be only a moderate risk factor 

for future stroke.85  It is difficult to determine whether a positive family history 

is the result of shared genes, shared environment, or both.  However, having 

a positive family history of stroke may be a marker for the presence of other 

more established vascular risk factors.86 

2.2.2. Modifiable Risk Factors 

There are a number of well known risk factors for stroke that are potentially 

modifiable or controllable through drug treatment or simple lifestyle changes, 

thereby reducing the risk of having a new or recurrent stroke.  Up to 76% of 

stroke burden, worldwide, may be prevented by controlling modifiable risk 

factors, such as reducing or controlling hypertension, hyperlipidaemia, body 

mass index, and tobacco use, and by increasing fruit and vegetable intake 

and physical activity.87 

Hypertension 

Hypertension (high blood pressure) continues to be the most important 

modifiable risk factor for both ischaemic and haemorrhagic strokes.  There is 

a log-linear relationship between increasing levels of blood pressure and the 

risk of both ischaemic and haemorrhagic stroke,88, 89 with a steeper 

relationship in haemorrhagic than ischaemic strokes.  Up to 62% of strokes 

worldwide are attributable to systolic blood pressure levels >115 mmHg.90  

Hypertension has been shown to be more prevalent in ethnic minority groups 
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in a number of developed countries,74, 91-93 and Mexican Americans have the 

lowest rates of controlled hypertension in the US.94 

Hyperlipidaemia 

Hyperlipidaemia (high blood cholesterol) is an important risk factor for 

cardiovascular disease, particularly heart disease but also ischaemic stroke.  

The relationship between cholesterol and stroke is complex as the association 

varies by age and between stroke subtypes.  A higher association with 

ischaemic strokes has been shown with a negative or null association with 

haemorrhagic strokes.95  There has been much debate about the association 

between cholesterol levels and the risk of stroke, with no definitive study 

finding a consistent relationship between the reduction of cholesterol and the 

reduction of the risk of stroke.96-98  However, high cholesterol has been 

estimated to cause 15% of stroke worldwide,99 with 32% of ischaemic stroke 

attributable to a total cholesterol level >3.8mmol/l.   

Heart Disease 

Various cardiac diseases are associated with an increased risk of stroke as 

they share many common risk factors.  Myocardial infarction has long been 

recognized as a risk factor for stroke, with the risk of stroke highest in the first 

five days after myocardial infarction.100  The risk of stroke has been shown to 

increase twofold with a history of coronary heart disease, and three to fourfold 

with a history of cardiac failure.101  Therefore, the primary prevention of stroke 

through the control of modifiable risk factors is particularly important in 

patients with a history of heart disease.102  In studies of ethnic disparities in 

cardiovascular risk factors, it has been shown that white (majority) populations 

have a higher prevalence of cardiac diseases (coronary heart disease, atrial 

fibrillation) than ethnic minority groups.92, 93  Stroke is also a major 

complication following coronary operations (coronary artery bypass, carotid 

endarterectomy), with postoperative strokes contributing significantly to 

increased perioperative mortality.103, 104 

Atrial fibrillation (AF) is the most common cardiac arrhythmia and treatable 

cardiac precursor of stroke.  Among patients with AF, there is a fivefold 
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increase in the risk of stroke and up to a quarter of all strokes occurring in the 

elderly can be directly attributed to AF.101, 105  Strokes associated with AF are 

especially large and disabling, and occur due to cardioembolism.106  The risk 

of stroke in patients with AF, can be greatly reduced with anticoagulation 

treatment (Wafarin).107  However, many patients with AF still do not receive 

anticoagulation therapy,108 due to concerns regarding an increased risk of 

haemorrhagic stroke.109   

Diabetes 

The presence of diabetes mellitus (typically Type II diabetes) is a well known 

risk factor for stroke.  There is a two to sixfold increase in the risk of having a 

stroke for diabetic compared to non-diabetic patients.110-112  Diabetes has also 

been shown to be more prevalent in ethnic minority groups, explaining part of 

the increased risk of stroke among these groups.74, 93, 111, 113  However, the 

true incidence and prevalence of diabetes in the population is under-

estimated as many patients with diabetes are asymptomatic and go 

undiagnosed.114  Hypertension is also strongly related to the presence of 

diabetes, thus the combination of these risk factors increases the risk of 

stroke dramatically.115  

Body Mass Index 

Being overweight (body mass index [BMI] ≥ 25) or obese (BMI ≥ 30) increases 

the risk of stroke through the increase of other vascular risk factors such as 

hypertension, hyperlipidemia or diabetes.  Overweight and obesity are more 

prevalent in ethnic minority groups in developed countries.74, 93, 111  There is a 

continuous relationship between BMI and non-fatal stroke, with a stronger 

relationship between BMI and ischaemic stroke.116  A reduction in BMI has 

been shown to reduce the risk of both ischaemic and haemorrhagic stroke.117   

Smoking 

It has been estimated that tobacco smoking accounts for 9% of the total 

deaths worldwide,99 and as the rates of smoking have increased dramatically 

in developing countries over the past decade, deaths attributed to smoking 

are expected to rise even more.118  Active smoking is well recognised as a risk 
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factor for stroke and is associated with a doubling of the risk of ischaemic 

stroke.119  Smoking is associated with increased blood pressure and the 

development of atherosclerosis, leading to increased risk of ischaemic 

stroke.110  Cigarette smoking has been shown to be the most important 

modifiable risk factor for SAH.120, 121  Former smokers are also at increased 

risk for stroke, however, research has shown that this risk decreases with 

increased periods of cessation.122-124  Passive smoking, working or living in a 

smoky environment, also increases the risk of stroke.125   

Physical Activity 

There is an inverse relationship between physical activity (energy 

expenditure) and stroke risk.  There is a dose response relationship between 

increased levels of physical activity and decreased risk of ischaemic stroke.126  

Even moderate levels of physical activity are reported to have a protective 

effect on stroke risk.127  Globally, physical inactivity has been shown to 

account for 3.3% deaths worldwide and 11% of ischaemic stroke.128  The 

association between physical activity and ischaemic stroke is thought to be 

through the reduction of atherosclerotic plaques, hypertension and BMI.126   

Other Risk Factors 

There are a number of other potentially modifiable risk factors for stroke.  

Carotid stenosis is reported to occur in over 50% of the population aged ≥ 65 

years, which is related to an annual risk of stroke of about 2%.107, 129  Sickle 

cell disease is associated with a higher risk of stroke in children.130  Increased 

alcohol intake has been associated with an increased risk of stroke, whereas 

light or moderate drinking may have a protective effect on the risk of 

ischaemic stroke.131  There is evidence of an increased risk of stroke due to 

increased levels of homocysteine, as well as use of hormone replacement 

therapy in women, however the evidence is limited.107  There is also a weak 

relationship between nutrition and the risk of stroke, with increased fruit and 

vegetable intake associated with a lower risk.132   



 

 17

Multiple Risk Factors 

As most of the factors described above are interrelated, it has become 

common to investigate the effects of multiple risk factors on the risk of stroke.  

It has been shown that multiple risk factors (two or more) are more common in 

ethnic minority and lower socioeconomic.133  Up to 76% of stroke incidence 

can be attributed to the joint effects of common vascular risk factors.  A 

reduction in high blood pressure is attributed to up to 62% of the population 

attributable risk for stroke, with 18% associated with a reduction in high 

cholesterol, 13% with a reduction in BMI, 11% with an increase in fruit and 

vegetable intake, 7% with an increase in physical activity and 12% with a 

reduction in numbers smoking.134  One of the important facts about these 

vascular risk factors for stroke is that they are potentially modifiable and 

relatively easy to treat with the appropriate medications (once identified) and 

lifestyle behaviour modifications, such as smoking cessation, losing weight, 

consuming less salt and fat and increasing levels of physical activity.   

2.3. Primary Prevention of Stroke 

Reversing the consequences of stroke is difficult, thus primary prevention is of 

utmost importance.  The effective prevention of first-ever stroke, especially in 

high risk groups, is the best method for reducing the burden, as over 70% of 

all strokes are first-ever in a lifetime (incident).106  Increasing public knowledge 

about stroke risk factors is important in enhancing the success of primary and 

secondary stroke prevention activities.135  However, knowledge of common 

stroke risk factors is still limited among the general population, with even 

poorer knowledge in high risk groups.136 

It is important for healthcare providers and the general public to be able to 

estimate a person’s risk of first-ever stroke.  However, risk assessment tools, 

which investigate the independent effects of risk factors for stroke, as well as 

interactions between risk factors, are difficult to develop and validate across 

many age, sex, and ethnic groups worldwide.  The Framingham Stroke Profile 

(FSP) used 36 years of follow-up data and identified that age, systolic blood 

pressure, hypertension, diabetes mellitus, current smoking, and established 

cardiovascular disease were independent predictors of stroke.137  This risk 
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profile provides a quantitative determination of the probability of stroke, 

relative to what is average for a person of this age.  However, despite its 

widespread use, the validity of the FSP among different populations or ethnic 

groups is limited.138 

The total numbers of strokes are expected to rise due to the ageing of the 

world’s population,20, 21 so efforts to reduce the number of new strokes 

occurring need to be focussed on the primary prevention of stroke, through 

the control and modification of common vascular risk factors.  As described 

earlier, there are several potentially modifiable risk factors that have 

consistently been shown to be associated with higher risk of stroke.  Applying 

simple lifestyle modifications such as improving diet (less saturated fats and 

salt, more fruits and vegetables) and increasing levels of physical activity have 

been shown to help control normal blood pressure levels and decrease 

elevated blood pressure, cholesterol, diabetes and body weight.106, 139   

Drug treatments are also commonly used to control risk factors such as 

hypertension and hyperlipidemia.  There has been compelling evidence that 

the control of hypertension contributes to the prevention of stroke.  In a review 

of randomised controlled trials of antihypertensive drug treatment, a 10 mmHg 

decrease in blood pressure was associated with a 30% decrease in the risk of 

stroke.140  Therefore, much of the excess risk of stroke due to high blood 

pressure is potentially reversible with the treatment and control of 

hypertension.  Research has shown that as long as blood pressure was 

decreased, there were no significant differences between blood pressure 

lowering regimens based on ACE inhibitors, calcium antagonists, diuretics or 

beta blockers in the prevention of stroke or other cardiovascular disease.141  

However, African Americans are generally more responsive to diuretics and 

calcium channel blockers than to ACE inhibitors or beta-blockers.142  Tight 

control of hypertension in diabetic patients has been shown to reduce the risk 

of stroke considerably.143   

Aspirin has been shown to reduce the risk of stroke in women at high risk of 

cardiovascular disease, however, the results are non-conclusive in men.106  

Lipid-lowering drugs (statins), used to control high cholesterol, have been 
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shown to reduce the risk of stroke, although the evidence is mixed.110, 144  

Anticoagulation treatment has also been shown to reduce of the risk of stroke 

by at least 60% in patients with AF, with a lower reduction, of ~20%, when AF 

patients were treated with Aspirin.110  Carotid endarterectomy, the most-

commonly used surgical procedure to prevent stroke, is recommended for 

patients with more than 70% of carotid stenosis.145, 146  However, there are 

operative risks of stroke or death associated with carotid endarterectomy and 

many patients go untreated.145  Ethnic disparities in the surgical treatment of 

carotid stenosis have been shown in the US, with higher rates of surgery 

among white Americans.147 

There has been much debate about the combination of lipid and blood 

pressure lowering drugs and antiplatelet treatments into a single drug 

treatment (termed a “poly-pill”), and targeting everyone at high risk of 

cardiovascular disease.148  It has been hypothesised that this poly-pill will 

reduce the risk of stroke by 80% through simultaneous reduction of the four 

major cardiovascular risk factors: raised low-density lipoprotein, high blood 

pressure, platelet aggregability, and raised blood homocysteine levels.  The 

pill would consist of a statin, an antihypertensive agent, Aspirin, and folic acid 

and would be targeted toward everyone aged >55 years and those with 

previous cardiovascular disease.148 

It has been shown that 14% of all incident cardiovascular mortality can be 

attributed to the inadequate control of multiple risk factors in people without 

previous cardiovascular disease.149  Therefore, guidelines for the primary 

prevention of ischaemic stroke recommend that regular screening for common 

vascular disorders and risk factors such as hypertension and diabetes, is 

needed and control of risk factors should be maintained through the 

appropriate drug treatments, and diet and lifestyle modifications.110  Efforts to 

educate the public about common risk factors for stroke and the importance of 

lifestyle modification are also necessary.150, 151  The New Zealand government 

has implemented a number of population-wide education and advertising 

campaigns encouraging people to increase their levels of physical activity and 

improve their nutrition.152  Although this is still in the implementation phase, it 
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has lead to a number of joint action plans between the New Zealand Ministry 

of Health, industry and government organisations. 

To reduce the risk of stroke in non-modifiable risk factors, such as ethnicity 

and SES, efforts need to be made to identify high risk groups and disparities 

between these groups.  Changes to policy and practice are required to 

minimise these disparities, by targeting primary prevention strategies in high-

risk groups.  In New Zealand, and the US, public health policies have been 

developed to eliminate disparities in health and access to healthcare between 

different ethnic and socioeconomic groups.150, 153   

2.4. Rates of Stroke 

There is variation in the rates of stroke, by mortality and incidence, worldwide 

and within populations.  Mortality data are commonly used to compare the risk 

of stroke between populations, as many countries routinely collect mortality 

information, although the reliability is variable, especially within developing 

countries.4, 154  Even though stroke incidence data are becoming more 

common, the results are varied due to differences in the study designs and 

reliability of the data (differences in study designs are discussed in depth in 

Chapter 3).  There needs to be more research into variation in the rates of 

stroke worldwide, as well as within populations, to identify disparities and 

high-risk groups, leading to the development of informed health policies aimed 

at reducing the burden of stroke. 

2.4.1. Mortality 

There is variation in stroke mortality rates worldwide, with higher rates of 

death due to stroke, in Eastern European countries (up to six-times higher) 

compared to more affluent developed countries in Europe and the US.36, 155  In 

China, stroke is the most common cause of death, which may be related to 

high rates of hypertension leading to more haemorrhagic strokes in Asian 

populations.115, 156-158  Within the Asia-Pacific region, stroke mortality rates are 

highest in Japan and Korea and lowest in Malaysia and Thailand.159  

Considerable geographical variation in stroke mortality also occurs within 

countries.  A north-south gradient of stroke has been shown in China with 
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higher death rates in northern provinces than southern.160  The opposite has 

been found in the US with higher rates of stroke in the South and South-

Eastern states, which has been labelled the “stroke-belt” of the US.161-163 

Increased mortality from stroke occurs in ethnic minority groups in many 

developed countries around the world: African Americans and Hispanics in the 

US15, 17, 72, African Caribbean’s in the United Kingdom (UK)16 and Māori and 

Pacific populations in New Zealand.12  Mortality from stroke in African 

Americans is higher than white Americans across all subtypes and age 

groups, except for the oldest age group.72  Minority populations are also more 

likely to die in hospital rather than in a nursing home when compared to white 

Americans, which may be linked to socioeconomic circumstances.164 

2.4.2. Incidence 

It is important to measure the incidence of stroke (first-ever in a life-time 

stroke events), to estimate the number of new cases occurring per year and to 

advise the future planning of acute healthcare.  As with stroke mortality, 

higher rates of incident stroke have also been found in Asian countries and 

Russia.27, 28, 30, 165, 166  However, the differences between countries were 

smaller than found between mortality rates.28  A recent review of population-

based stroke incidence studies has shown the highest age specific rates in 

Japan, Russia and the Ukraine.30  However, most of the reviews that have 

investigated geographical variation in the rate of stroke, have been confined 

to white populations in developed countries or limited through different study 

designs.  The similarities between geographical variation in stroke mortality 

and incidence rates indicate that mortality rates are driven, in part, by the 

incidence of the disease. 

The data on ethnic disparities in the incidence of stroke is limited, with only a 

small number of studies conducted in the US, UK and New Zealand being 

large enough to explore disparities in the rate of stroke within a defined 

population.  As with stroke mortality, higher rates of stroke incidence have 

been found in ethnic minority groups.  In New Zealand, it was shown that 

Māori and Pacific people had significantly higher risk of stroke compared with 
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New Zealand Europeans.13  In the US, African Americans had double the rate 

of stroke compared to white Americans and these also tended to be more 

severe, with higher rates of haemorrhagic strokes (both ICH and SAH).15  The 

excess burden of ischemic strokes among African Americans compared with 

whites is not uniformly spread across the different subtypes, with higher rates 

of large-vessel strokes among African Americans.167  Similar results were 

found in a population-based stroke incidence study from London.168  The 

excess in the incidence of stroke among ethnic minority groups compared to 

white (majority) groups may explain most of the excess shown in stroke 

mortality rates. 

2.5. Outcome from Stroke 

Stroke is a largely disabling disease with over one third of people who suffer a 

stroke living with lasting disability.5  Variations in the outcome from stroke 

need to be identified in order to predict who is likely to survive from their 

stroke and if they do survive their risk of disability.  This may be used to 

prioritise post stroke healthcare and rehabilitation.   

2.5.1. Survival 

The chance of surviving the acute phase of stroke is a complex function of the 

extent of neurological damage, the complications of disability, and the 

presence of associated co-morbid vascular disease.  Patients who survive the 

first year of their stroke typically, live on average 6 years after their stroke, 

with males surviving on average one and a half years longer than females.169  

Survival is highly dependent on age, with case fatality increasing with 

increasing age.30  There are several simple clinical parameters that have been 

shown to be strongly predictive of survival after stroke: the level of 

consciousness, age and history of pre-morbid dependency.170-172  Many of 

these factors are not modifiable at the time of the stroke, therefore, it is 

important, that any assessment of the impact of medical care on trends in 

survival should take these factors into account.  

Ethnic minority populations (Māori and Pacific in New Zealand, African 

Americans in the US) have been shown to have worse case fatality than the 
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majority (white) populations.13, 14  However, it has recently been shown in 

South London that African Caribbean stroke patients are more likely to survive 

longer after their strokes than whites.173 

2.5.2. Disability 

The burden of disability from stroke to the individual is substantial, as it 

encompasses impairment of body structure or function, limitation in daily 

activities and restriction of participation in normal activities.  Over one half of 

stroke survivors will make a full recovery from their stroke, however at least 

20% will remain dependent on others for activities of daily living.169  In 

Auckland, it was previously found that, among stroke survivors, more women 

(27%) reported being dependent on others for activities of daily living (such as 

bathing, washing, cooking) than men (16%).169  Rates of disability after stroke 

are higher in African and Asian countries, which may be due to the higher 

frequency of more severe and disabling haemorrhagic strokes in these 

regions.10  Common predictors of outcome after stroke are age, disability pre-

stroke, history of diabetes, recurrent stroke and the National Institutes of 

Health Stroke Scale (NIHSS) score, a widely used rating instrument to 

measure neurological deficits.174-176  

A large proportion of stroke survivors report poor health-related quality of life 

after stroke.  This is related to the level of handicap, disability or impairment, 

age and anxiety or depression after stroke.177, 178  Mood is commonly affected 

after stroke, with the most common disturbance being depression, where 

approximately 33% of stroke survivors experience depressive symptoms after 

their stroke.179  Having a stroke is also reported to double the risk of 

developing dementia post-stroke, which is predicted by pre-stroke 

dependency and a history of various vascular risk factors (hypertension, AF, 

diabetes).180 

2.5.3. Caregiver Burden 

As stroke is a largely disabling disease, considerable burden is placed on 

families and caregivers of stroke sufferers.  Among 3-month stroke survivors, 

over 70% require some sort of assistance with activities of daily living and 
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receive informal care from family or friends, with two thirds of the primary 

caregivers being women, typically wives and daughters.169  However, although 

most stroke survivors receive some form of informal care from relatives and 

friends, this care was generally provided during either leisure or family time, or 

by using existing leave entitlements for those in the paid workforce.181  It has 

been shown that informal caregivers of stroke victims have an increased risk 

of developing depressive symptoms.182-184 

2.6. Treatment and Secondary Prevention of Stroke 

The outcome of acute stroke is highly dependent on the interval from onset of 

symptoms until treatment, as the restoration of blood flow to the brain needs 

to be achieved as quickly as possible.  Many of the new acute treatments for 

stroke have been shown to be most beneficial within the first three hours after 

stroke onset.185, 186  Despite the availability of these new acute therapies, 

many patients remain ineligible mainly because of late hospital arrival.187   

Population-wide educational programs and stroke campaigns should not only 

teach typical and less common stroke symptoms and signs, but also that 

emergency medical services provide the fastest means of transportation to the 

stroke unit and the best chances of getting early treatment.188  However, 

attempts to increase public awareness of the need to respond quickly to 

stroke symptoms through educational programs have had only limited 

success.187, 189  The inability of patients and bystanders to recognize stroke 

symptoms and to quickly access the emergency medical system are the 

largest barriers to effective early acute stroke therapies.136, 189  This is 

reported to be worst in high risk groups, such as the elderly, African 

Americans, and men.136   

The next section describes the advancements in the acute treatment of 

stroke, with a focus on the more common forms of ischaemic and 

haemorrhagic strokes.  Evidence of the importance of complete care, provided 

in a stroke unit setting is provided, and the need for appropriate rehabilitation 

in reducing disability and burden from stroke.  The importance of secondary 

prevention of recurrent stroke in reducing the overall burden is also discussed.  



 

 25

2.6.1. Acute treatment 

The acute treatment for stroke has changed considerably over time as new 

treatments have become available.  The clinical diagnosis of stroke is made 

purely on clinical grounds, using information about the suddenness of the 

illness and the acute signs and symptoms, to determine if a stroke has 

occurred or not and to prioritise treatments and imaging.190  However, it is 

important to differentiate between ischaemic, or haemorrhagic stroke, 

because of the marked difference in the management of these conditions.  

Brain imaging is used to guide the selection of acute interventions to treat 

patients with stroke, through identification of the size, location, and vascular 

distribution of the infarction, as well as the presence of bleeding.  For most 

cases and at most institutions, CT scans are the most important and common 

brain imaging test.  However, MRI and magnetic resonance angiography 

(MRA) are useful in determining malformations or aneurysms, and the time 

course of haemorrhage in acute ICH.191, 192  Examination of the cerebrospinal 

fluid is indicated if the patient has symptoms suggestive of SAH and a CT 

does not demonstrate any blood.62 

2.6.1.1. Treatment for Acute Ischaemic Stroke 

The evaluation of patients with acute ischemic stroke should be performed as 

soon as possible.  Early clinical evaluation and neuroimaging provides 

information about the cause of the neurological symptoms, identifies regions 

of salvageable brain tissue, and assesses the risk for haemorrhagic 

transformation and potential contraindications for treatment with thrombolytic 

agents.191  Intravenous administration of recombinant tissue plasminogen 

activator (rtPA) is currently the only FDA-approved therapy for treatment of 

patients with acute ischaemic stroke.185  It has been shown to be associated 

with improved outcomes for a spectrum of carefully selected patients who can 

be treated within 3 hours of onset of stroke.  Earlier treatment (within 90 

minutes) is more likely to result in a more favourable outcome, but later 

treatment, at 90 to 180 minutes, has recently been shown to be beneficial.191  

However, typically only 50% of patients arrive at the hospital within three 

hours of the stroke event and an additional 25% within three to six hours, 
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leading to only a limited number of patients being eligible for this treatment.188  

There is, however, concern with the administration of intravenous rtPA, with 

symptomatic haemorrhagic transformation occurring in 6% of patients, leading 

to caution in treatment.185  It has been argued that rtPA should be used in 

patients who have been shown through imaging, to have a large penumbra, 

functionally impaired yet still viable tissue surrounding the ischaemic core.193  

However, there is mixed evidence as to how to measure the penumbra and 

the estimated threshold for treatment.194 

The appropriate treatment of blood pressure in the setting of acute ischaemic 

stroke also remains controversial,195 with little scientific basis and no clinically 

proven benefit for lowering blood pressure among patients with acute 

ischaemic stroke.  However, it is recommended that most patients with 

ischaemic stroke should receive antiplatelet drugs such as Aspirin within 48 

hours of stroke, unless contraindicated, to prevent early recurrent ischaemic 

stroke and reduce the risk of death or dependency.190, 191, 196 

Anticoagulants such as heparin and heparinoids are often prescribed to 

patients with AF and recent ischaemic stroke, in an effort to prevent early 

recurrent stroke and to improve neurological outcomes.  However, the 

evidence for this is inconclusive and these medications also increase the risk 

of symptomatic haemorrhagic transformation of ischaemic strokes, especially 

among patients with more severe strokes.191, 196 

2.6.1.2. Treatment for Acute Haemorrhagic Stroke 

ICH is the least treatable form of stroke.  It is associated with the worst 

outcome and high mortality, and treatment is varied by hospital.192  Surgical 

evacuation of the haematoma is used in <20% of patients, even though there 

is no clear evidence of the benefit of surgery and there are increased risks 

which may lead to further brain damage.192, 197 

A new therapy, still in the trial stage, recombinant activated factor VIIa (rFVIIa) 

is under study to coagulate the blood and decrease the early enlargement of 

the haematoma in the acute treatment of ICH.197  As with rtPA in ischaemic 

stroke, the benefit of rFVIIa is most significant when it is initiated within 3 
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hours of stroke onset.186  However, patients are at increased risk for 

thromboembolic events.197  Increased intracranial pressure has been shown 

to increase the risk of mortality after ICH, and recommendations have been 

made to treat elevated blood pressure in patients with ICH more aggressively 

than for patients with ischaemic stroke.192  Findings suggest that elevated 

blood pressure increases the risk of haematoma enlargement and efforts 

should be made to lower systolic blood pressure to <150 mmHg to prevent 

this risk.192, 198  

2.6.1.3. Stroke Units 

Specialised care for stroke patients has been shown to be the most effective 

management of stroke patients in the acute setting.199  Many institutions have 

developed clinical care pathways which provide structured care plans for 

patients with stroke, which are used by different members in a 

multidisciplinary team 200, 201  These pathways aim to assist in clinical 

decision-making and promote organised and efficient patient care and are 

commonly used in the context of stroke units. 202 

Organised inpatient stroke unit care is a form of care provided in hospital by 

nurses, doctors and therapists and is characterised by i) coordinated 

multidisciplinary rehabilitation team, meeting regularly ii) staff with a specialist 

interest in stroke or rehabilitation, iii) routine involvement of carers in the 

rehabilitation process, and iv) regular programs of education and training.  

The Stroke Unit Trialists’ Collaboration systematically pooled randomised 

trials of organised inpatient stroke unit care to investigate the effects on 

patient outcomes.199, 203, 204  It was found that patients who received organised 

in-patient (stroke unit) care were more likely to survive, regain independence 

and return home than those receiving a less organised service.204  Stroke unit 

care has also been associated with better long-term quality of life.205  

Therefore, it is recommended in many health policies related to stroke that if it 

is available, patients should receive treatment and care in a stroke unit, or as 

close to an equivalent as possible.206, 207 



 

 28

2.6.1.4. Rehabilitation 

Rehabilitation is also an important aspect in the treatment of stroke.  This 

should begin the day after the stroke (where possible), and it is an integral 

aspect of stroke unit care.199  The key aspects of rehabilitation, physiotherapy 

and occupational therapy, not only aim to improve physical functioning but 

also to help reintegrate the stroke person back into the community.208  

However, it has been shown in practice that the organisation and type of 

rehabilitation services available for people with stroke are not consistent with 

best practice or accepted guidelines.209, 210  Early supported discharge linking 

inpatient care with community services has been shown to reduce the length 

of stay in hospital and readmission rates, as well as increasing the likelihood 

of independence and living at home for the stroke person.211   

2.6.2. Secondary Prevention 

Secondary prevention of recurrent strokes is a primary objective for all stroke 

survivors, as patients with previous stroke or TIA are at increased risk of 

serious vascular events (death from all vascular causes, non-fatal stroke, or 

non-fatal myocardial infarction).50, 146  The risk of first recurrent stroke is six 

times greater than the risk of first-ever stroke in the general population.212  

The rate of stroke recurrence is approximately 5% per annum, but tends to be 

higher in the first few weeks and months after stroke.213  The risk of having a 

secondary or recurrent stroke is up to 10% within 1 week of a previous stroke 

or TIA and 18% within 3 months.50  Patients in high risk groups, or those 

having more than one risk factor, are at an increased risk of recurrent stroke 

and appropriate management of any risk factors need to be addressed soon 

after the event.146  However it has been shown that both physiological and 

behavioural risk factors still go untreated or unchanged after stroke.214, 215   

It has been recommended that all patients suffering a stroke should be put on 

Aspirin or an alternate antiplatelet drug, reducing the risk of a further serious 

vascular event by 25%.191, 216  Blood pressure reduction, or the treatment of 

hypertension, reduces the risk of having a secondary stroke as well as other 

vascular events.146, 217  Recently it has been suggested that all patients with a 

history of stroke will benefit from blood pressure lowering to reduce the risk of 
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recurrent stroke, whether they are hypertensive or not.218  Blood pressure-

lowering in patients with a history of stroke, has also been reported to reduce 

the risk of associated long-term disability and dependency.219  It has also 

been recently recommended that patients with a recent stroke or TIA be 

placed on statin therapy to reduce the recurrence of secondary stroke.220 

2.7. The Cost of Stroke 

Stroke is a very costly disorder and healthcare costs are expected to rise with 

increasing numbers of stroke patients, due to the ageing of the world’s 

population and improvements in survival.  It was estimated that the total cost 

of stroke in Australia in 1997, was A$917 million, which was ~2% of the total 

health expenditure for that year.221  This data was adapted to the New 

Zealand population in 2002 and the mean cost for a person who suffered a 

stroke was estimated to be ~NZ$23,000 per year, with a lifetime cost of 

~NZ$50,000.206  The majority of the cost of stroke is still borne through 

inpatient acute care and rehabilitation, although this is decreasing with the 

shift from inpatient to outpatient treatment and rehabilitation.222, 223  

The average cost of hospitalisation and rehabilitation varies greatly between 

different stroke subtypes with substantially greater costs for stroke patients 

who suffered an ICH, rather than an ischaemic stroke.224  It is difficult to 

estimate the true cost of stroke because of the large proportion of burden that 

is cared for outside the hospital arena.  Informal carer costs and out of pocket 

costs to the patient account for up to 8% of the total cost for stroke during the 

first year after stroke, with indirect costs (loss of employment activity in cases 

with stroke up to age 65) accounting for up to 6% of the total cost.221 

2.8. Summary 

Stroke is essentially a preventable and treatable disease.  Reducing the 

growing burden of stroke requires the primary prevention of new stroke cases, 

through the control of modifiable risk factors, the early evaluation and 

treatment of acute stroke, and the effective secondary prevention of recurrent 

stroke.  There is a large financial cost incurred by inadequate primary and 

secondary prevention of cardiovascular disease risk factors, which justifies 
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major efforts directed towards the detection and treatment of such risk factors.  

The main modifiable risk factors for stroke can be improved through 

appropriate drug treatment and through simple lifestyle modifications, which 

have been shown to help control high blood pressure, cholesterol, diabetes 

and body weight.  Simple lifestyle modifications such as a better diet (less 

saturated fats and salt, more fruits and vegetables) and increasing levels of 

physical activity can be aimed at a population-wide level through intensive 

education and advertising campaigns.   

It is important that disparities in the risk of stroke among different populations 

are identified, to enable targeted stroke prevention and treatment strategies.  

There is a gap in the knowledge of ethnic variations in risk factors and the 

associated mechanisms that lead to disparities in the rates of stroke.  This 

should be investigated in well-designed population-based stroke incidence 

studies, in populations where there is significant ethnic variation.  This will 

provide accurate measures of where ethnic disparities in stroke lie in the 

whole population and how they are related to disparities in common risk 

factors. 

Past trends in the rate of disease among different populations need to be 

investigated, to estimate future changes in the burden of stroke and in which 

populations the greatest burden is likely to lie.  This research can be used to 

inform clinical practice of the success of primary and secondary prevention 

programs on reducing the burden of stroke, and to influence health policies 

related to stroke prevention, treatment, rehabilitation and care, within the 

general population, as well as within high-risk groups.   
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3.   TEMPORAL TRENDS IN STROKE 

There is a good deal of variability in temporal trends in the rate of stroke, due 

to varying study designs and the availability of data.  The continuous 

surveillance of stroke in a population allows any changes in rates to be 

detected, with respect to changes in risk factor or health care initiatives.  With 

the changing socio-demographic profile of populations in many countries, 

especially in the developing world,3, 19 the absolute numbers of strokes are 

expected to increase even if the rates of stroke are declining over time.20  So 

current and future trends in the rates of stroke need to be investigated, in 

order to inform health care planners and policy makers of what populations 

are at increased risk and where the future burden may lie. 

There are several approaches to the surveillance of disease in a population-

wide setting.  Comparing rates of stroke across time and place increases our 

understanding of the determinants, risk of disease, and populations at high 

risk of stroke.  To be comparable, though, studies must use consistent 

methods, definitions and mode of data presentation, which is particularly 

pertinent in the epidemiological study of stroke.  This chapter will provide a 

review of the literature on and methods used to investigate temporal trends in 

the occurrence of stroke in a population.  The first section investigates the 

complexities of surveying stroke in different populations and across time, and 

provides a detailed description of the methodologically “ideal” stroke incidence 

study.  The second section investigates trends in stroke mortality and ethnic 

disparities in trends in mortality.  The third section reviews trends in the 

incidence of stroke from cohort and population-based studies, with a 

systematic review of trends in the incidence of stroke in ideal stroke incidence 

studies.  The fourth section reviews trends in short- and long-term survival 

after stroke.  The fifth section, explores explanations for trends in the rate of 

stroke through trends in incidence and survival.  The final section, investigates 

future projections of the rate of stroke due to historical trends in rates and 

future changes in the socio-demographic profile of populations.   
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3.1. Stroke Surveillance 

There are many different methods used to survey stroke in a population.  

Information can be collected prospectively using “hot” pursuit methods of case 

ascertainment (active screening of patients) or retrospectively using “cold” 

pursuit methods (passive screening), anytime after a stroke has occurred.  

Hot pursuit (active) screening of patients involves prospectively collecting 

patients as soon after the onset of symptoms as possible.  This is typically 

conducted within the hospital setting but can be done in the community by 

having general practitioners and other specialists involved in the study and 

notifying the register of all stroke patients.  An advantage of using a 

prospectively designed study is identifying patients as soon as they occur and 

collecting the information as soon after the event as possible, thereby 

minimising recall and observer biases.  Cold pursuit (passive) screening of 

patients involves the retrospective collection of information, typically checking 

hospital discharge registers and death certificates during and at the end of the 

study.  Cold pursuit methods have the advantage of consuming considerably 

less time and resources than hot pursuit ones.  However, the information 

collected is more prone to bias as it is collected retrospectively (sometimes 

several months after the event), relies on the verification and coding of stroke 

by a person external to the study and the patient may not be interviewed in 

person.27  A combination of both approaches to case ascertainment should 

ideally be used in stroke incidence studies.225   

There are varying levels in the quality of stroke surveillance data.  Stroke 

mortality data are useful for investigating changes in the rates of death from 

stroke in a population, and typically involves the retrospective ascertainment 

of cases.  By their very nature, mortality studies do not provide an accurate 

measure of the burden of stroke in a population, as only one third of strokes 

are fatal.5  Hospital-based studies are useful for examining trends in acute 

stroke but may miss the many patients with stroke who are diagnosed and 

treated out of hospital.24, 25  In order to obtain accurate estimates of the total 

disease burden, information needs to be collected on all fatal and non-fatal 

strokes (both incident and recurrent) occurring in hospital, as well as in the 
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community.  A number of population-based studies have collected information 

on both fatal and non-fatal patients, however, many of these are limited in 

study design, to younger age groups or hospitalised patients only.  It is 

important that information is collected on all patients of stroke, including those 

in the oldest age group (≥ 85 years), as stroke is still largely a disease of the 

elderly.  A set of criteria have been developed to provide the most reliable and 

comparable data, using both hot and cold pursuit methods of case 

ascertainment to collect information on all fatal and non-fatal patients 

occurring within hospital the and community.27, 28  Studies fulfilling these 

criteria have been termed ideal population-based stroke incidence studies. 

3.1.1. Mortality Studies 

One of the most easiest and common methods for measuring the occurrence 

of stroke death in a population is to use routinely collected mortality data.  

This typically involves the retrospective checking of all death certification in a 

defined region.  Mortality data are useful for investigating trends in stroke 

death within a population over time because any biases within the population 

surveillance are likely to be consistent over time.36  Mortality data are also 

useful for measuring the implications of political unrest or disease outbreaks 

on changes in death rates within a population.36  However, there are limited 

mortality data from developing countries, especially Sub-Saharan Africa, 

which has had to be estimated from data from other countries, in global 

burden of disease studies.4, 154  One of the main limitations of mortality studies 

is that they do not provide accurate estimates of the burden of stroke in a 

community as they only focus on fatal patients of stroke, thereby excluding 

two-thirds of stroke patients who survive the acute phase.  It is also 

challenging to obtain information on mortality from incident strokes only, as 

hospital records are not typically checked.  

Mortality studies are invaluable in providing comparable information from 

countries around the world as retrospective data collection is used and 

patients do not need to be contacted, leading to less resource use than other 

types of surveillance studies.155  However, the reliability of mortality data from 

developing countries is questionable.23, 226, 227  Mortality studies have identified 
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disparities in stroke mortality in the developed world with the highest rates 

occurring in Eastern European countries, and the lowest rates in Switzerland, 

Canada, the United States and Australia.35, 36, 155  Mortality studies have also 

been invaluable in highlighting high risk populations and identifying ethnic 

disparities12, 18, 228 and socioeconomic variation76, 229, 230 in the risk of stroke 

death in many countries. 

There are many potential sources of error in using mortality data alone, with 

questionable internal validity, errors and variation in the diagnosis or coding of 

stroke, and variation in case fatality between countries.231  In early years, it 

was shown that there were problems with the accuracy of causes of death on 

death certificates, with up to 40% of certified fatal strokes in the Framingham 

Heart Study having no mention of stroke on the death certificate.232  Changes 

in the coding of stroke subtypes in mortality data have also been found due to 

changes in the diagnostic coding of strokes.  Since the introduction of 

neuroimaging, there has been a decline in the proportion of strokes coded as 

haemorrhagic and an increase in the proportion of ill-defined strokes.233  This 

is supported by data from the Framingham study where the over-reporting of 

haemorrhagic strokes in death certificates was found in early years.232  It has 

been shown in the WHO Monitoring of Trends and Determinants in 

Cardiovascular Disease (MONICA) project that the rates of stroke in Eastern 

European populations identified through routine mortality data were lower than 

those found in the population-based study, indicating underestimation of 

stroke deaths in mortality data in developing countries.165  In addition to the 

problems with the diagnostic coding of strokes on death certificates, there are 

problems with the recording of demographic data on death certificates, 

especially with ethnicity in the US234 and in New Zealand.235, 236  This may 

lead to an under (or over) estimation of the burden of stroke in ethnic groups 

creating difficulties in assessing the health care needs of different ethnic 

groups.  Researchers from New Zealand attempted to quantify the amount of 

error in the recording of ethnicity data on the death certificate data and 

adjusted the mortality estimates by ethnicity.235, 236  
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There is an important place for mortality studies in stroke surveillance, with 

their low cost and easy accessibility of data.  They are useful for projecting the 

number of stroke deaths in a community and advising health care planning.  

However, only a small proportion of the total burden of stroke is examined and 

comparisons of stroke mortality between countries or over time, should be 

interpreted with caution due to variability in data collection and quality. 

3.1.2. Hospital- and Population-Based Studies 

There a number of different methods used to survey stroke in a population.  

Hospital-series studies measure the number of stroke occurring within a 

hospital but there is uncertainty about the base population in these studies.  A 

population-based study measures the burden of stroke within a defined 

population.  There are many types of population-based studies such as 

hospital-based series, cohort studies, or limited population-based studies.  

However, they are often restricted through only using retrospective case 

ascertainment, collecting only a subset of cases (hospitalised patients only) or 

registering only limited age ranges (MONICA).  As different methods of case 

ascertainment are used, it is difficult to compare rates between studies, and 

even over time within populations. 

Hospital-based Studies 

Hospital-series studies, using only hospital morbidity or separations data, are 

useful for estimating the number of stroke patients treated by a hospital and 

for the projection and planning of future stroke burden within that hospital.  

However, estimates from hospital-series do not give a complete estimate of 

the burden of stroke in a population, as they fail to recognise the proportion, 

up to 40%, of fatal and non-fatal strokes that occur outside the hospital.25, 237  

Problems may also occur in comparing hospital-series studies across place or 

time, as hospitalisation rates for stroke may vary between, and even within, 

populations.164, 238, 239  Rates are also likely to vary with time as management 

strategies change and new treatments for stroke emerge.27  As mentioned 

earlier, there are a number of problems with the coding of stroke subtypes 

with inaccurate coding of ischaemic stroke subtypes,240, 241 and changes in the 

coding of stroke subtypes over the years.242  Hospital-series studies may also 
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overestimate the risk of stroke, as younger patients with increased severity of 

stroke are more likely to be admitted to hospital.25, 225, 237  Use of hospital 

series data alone may also overestimate stroke mortality in African and 

Hispanic Americans in the US, as these groups are more likely to die in 

hospital when compared to white Americans.164 

Cohort Studies 

A number of unique cohort studies have been conducted in the US, the 

Framingham Study,137, 243 and the Rochester Epidemiology Project 

(conducted through the Mayo Clinic),244 which have monitored chronic 

diseases for over half a decade.  These studies were not specific to stroke but 

have provided reliable estimates of stroke within the populations and over 

time.137, 245, 246  However, there are only a small number of strokes occurring 

annually in these studies, and are conducted on mainly white populations, 

thereby limiting their comparability with other populations.  Also, their results 

may not be comparable with prospective stroke incidence studies as they use 

different methods for case ascertainment, or are comprised of a healthy set of 

volunteers by excluding certain disease states at the start of the study.  Even 

so, it has been shown that the retrospective medical record linkage of the 

Mayo Clinic in Rochester, Minnesota, is as reliable as prospective methods of 

case ascertainment through complete record documentation for the whole 

community.247 

The WHO MONICA Project 

The first study attempting to use standard methods and definitions to monitor 

trends in the incidence of stroke across a number of different populations was 

the WHO MONICA project, which was initiated in the early 1980s.248  This 

involved a detailed protocol for stroke registers in 41 collaborating centres, 

which provided instructions for stroke event registrations, guidelines for case 

ascertainment, validation procedures, and coding rules for diagnosis of events 

and case fatality rates.47  The MONICA project has been instrumental in 

enabling the comparison of rates of stroke between a number of European 

and Chinese populations, as well as investigating trends in the rates of stroke 

within and between these populations.249  Over the past 20 years, the 
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MONICA project has produced in excess of 1000 publications from 21 

countries, investigating the epidemiology of stroke.249  However, there are a 

number of limitations inherent in the MONICA studies.  A limited age range 

was covered in most studies, with many centres only monitoring stroke up to 

the age of 65 years, thereby excluding up to 80% of strokes occurring in the 

elderly.  Although a defined protocol was used in the MONICA studies, there 

was variation in the methods of case ascertainment between the studies, with 

some studies using hot pursuit methods of case ascertainment only, some 

using cold pursuit only and others using a mixture, limiting the comparability of 

rates between studies.226 

The WHO STEPwise Approach to Stroke Surveillance 

In 2000, the 53rd World Health Assembly passed a resolution on the 

prevention and control of non-communicable diseases. In response to this the 

WHO has developed a STEPwise approach to the surveillance of non-

communicable disease that can be used in a variety of settings.250  The goal is 

to achieve data comparability over time and between countries, especially low 

and middle income countries.  The WHO STEPS-Stroke approach to stroke 

surveillance provides a flexible system and an opportunity for all countries to 

contribute to data and information on stroke, to help improve global 

information about trends in key measures of stroke. 

There are three basic additive steps that countries can build upon to provide 

information on the burden of stroke.251  Step 1 involves collecting hospital-

based data on all hospitalised strokes including demographic data and 

information on treatments received in hospital and type of stroke.  Step 2 

collects information on community-based fatal events using death certificates 

and autopsy reports.  Step 3 identifies all non-fatal non-hospitalised strokes 

through liaison with local health facilities.  This flexible technique aims to 

provide vital basic epidemiological estimates of the burden of stroke 

worldwide.  Information on incidence rates and case fatality are the most 

valuable epidemiological measures and the best guide to public health 

initiatives for the prevention of stroke.  Therefore, it is recommended that 
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every country should aim to advance their surveillance to include all three 

steps.  

Limitations of Hospital- and Population-Based Studies 

The main limitation of hospital-based studies is that they do not include an 

easily defined population and it is difficult to estimate an appropriate 

denominator for rates.  There are a  number of problems that have been 

identified with using diagnostic coding of the primary cause of hospitalisation 

in discharge or hospital separations lists,252 leading to an under- or over-

estimation of stroke numbers, depending on the population.241, 253  The 

sensitivity in identifying stroke cases increases as the number of discharge 

codes used increases i.e. from primary to the first three diagnoses.241, 254, 255  

However, limiting discharge codes to primary diagnosis allows the 

identification of incident rather than prevalent cases, with a greater accuracy 

of coding stroke.240, 241, 253, 256  There are also problems with the coding of 

ischaemic stroke subtypes using the International Coding of Diseases, 9th 

Edition (ICD-9) codes (430 to 436, [Appendix 1]), overestimating ischaemic 

stroke subtypes and TIAs.240  Hospital discharge lists may overestimate the 

prevalence of stroke as sequelae from the stroke tend to be coded using 

acute stroke ICD codes.257  Trends in the incidence of stroke are also affected 

by changes in the coding of stroke subtypes between ICD-9 and ICD-10, with 

more specific diagnoses for ischaemic stroke decreasing the number of ill-

defined subtypes.242  The introduction of diagnosis-related groupings (DRGs) 

in allocating hospital resources have been shown to also influence trends in 

the diagnostic coding for stroke.  In the US, it was found that the proportion of 

ischaemic strokes increased between 1980 and 1991 and the proportion of ill-

defined strokes decreased, due to higher costing allocated for defined 

strokes.252  Increases in the number of haemorrhagic strokes have been found 

due to the increased use of CT scanning, which detect smaller, less fatal 

haemorrhages, which would have previously been coded as ill-defined 

ischaemic strokes.258 

Population-based studies of the burden of stroke are useful in estimating high-

risk populations and advising health care planning.  However, as there is great 
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variability in the methods of case ascertainment, it can be difficult to compare 

rates between studies and any comparisons should be interpreted with 

caution.  Therefore, similar definitions and methodologies should be 

maintained where possible, to enable comparability across and between 

populations. 

3.1.3. The “Ideal” Stroke Incidence Study 

The best quality information on the incidence of stroke in a population comes 

from population-based ideal stroke incidence studies, which prospectively 

collect information on all cases of stroke from hospitals, death certificates and 

from community sources within a defined population.  In 1987, Malmgren and 

her colleagues published a list of 12 core criteria recommended for an ideal 

stroke incidence study by which the quality of population-based studies of 

stroke could be judged (Table 3.1).28  These criteria involved the use of a 

prospective, population-based study design, with standard definitions for 

stroke and multiple and overlapping sources of case notification in order to 

identify all stroke events in a defined region.  The criteria have been updated 

over the years by Bonita (1995),26 Sudlow and Warlow (1996),27 and by Feigin 

et al. (2003, 2004),29-31 to enable greater comparability of studies and to 

reflect changes in the management of stroke.  Ideal stroke incidence studies 

provide the most accurate and reliable data on the occurrence of stroke and 

outcome in a population, enabling comparability between geographical 

regions and trends over time.27, 28  However, such studies are complex, large, 

expensive and difficult to accomplish, especially when monitoring all sources 

of case ascertainment on a regular basis.  The following criteria may be used 

as a guideline for such studies. 

Definitions 

The WHO definition for stroke (described in Section 2.1) has been broadly 

accepted as the standard definition used in ideal stroke incidence studies.  

This definition allows for a clinical diagnosis of stroke and characterises stroke 

as a cerebral deficit with symptoms lasting longer than 24 hours.  This time 

duration cut-off is useful in epidemiological studies as it can be used 

irrespective of neuroimaging, across different populations and differentiates 
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strokes from TIAs.  This definition also includes SAH, but as SAH is 

aetiologically different from ischaemic stroke and ICH, researchers should 

state clearly whether SAH is included in the definition used or not.  The WHO 

also recommends that any new stroke that develops more than 28 days after 

a previous stroke is classified as a recurrent event.248  However, recently it 

has been suggested that this definition for a recurrent event underestimates 

the risk of stroke and a definition of any stroke occurring ≥ 24 hours after the 

initial stroke be defined as a recurrent event. 259  It is important that standard 

definitions are used to define strokes, recurrent and incident strokes, to 

enable comparability between similar studies. 

First-ever-in-a-lifetime Strokes 

It is important that information on first-ever-in-a-lifetime (incident) strokes are 

collected, as data on incident strokes offer a more reliable outcome for the 

investigation into the aetiology of the disease.  Collecting information on 

incident strokes requires a careful review of the history of stroke for each 

patient, through the checking of previous medical records.27  This can be 

resource intensive.  It is important to distinguish between first-ever-in-a-

lifetime strokes and first-in-the-study-period strokes, as the latter could include 

patients with previous stroke, leading to confusion and non-comparability 

between studies.   

Defined Study Population 

Most studies use populations that are clearly defined by geographical, 

statistical or census boundaries and assume a degree of stability with limited 

in- and out-immigration.  A population may also be defined using particular 

health districts or regions,38, 260 but the key requirement for the calculation of 

rates is a reliably identifiable base population.  If possible, the study 

population should not be limited by age and should be large enough to 

provide accurate estimates of age specific rates (i.e. more than 250 cases per 

year).27  However, the larger the study population, the more resources that 

are required to ascertain all cases of stroke.  Therefore, the reliability of the 

study is dependent on the appropriate balance between the amount of 

available resources and the size of the study population.  
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Official census statistics are typically used as the denominator (base 

population) in the calculation of stroke rates.  However, estimates may 

become unreliable if the study is not conducted in the same year as a census 

and estimated population data are used, with bias increasing as the time since 

the last census increases.27  Finally, errors in ethnic specific census data may 

lead to biases in population data, due to the undercounting of ethnic minority 

groups in developed countries.69, 261 

Case Ascertainment 

One of the most important aspects of an ideal stroke incidence study is that 

patients are collected “prospectively”, as soon after the onset of symptoms as 

possible.  This minimises recall bias (error due to the accuracy of recall of 

past events or experiences) and observer bias (the influence of knowledge 

and experience on the responses of physicians or researchers).262  

Misclassification bias may occur in the verification of strokes with increasing 

time from the initial event and sequelae of the event.27  Prospective case 

ascertainment is typically conducted within the hospital setting, but can also 

be conducted in the community, by having general practitioners and other 

specialists notify a central register of all patients with stroke as soon as they 

occur.  Within the hospital setting a range of diagnostic codes with similar 

symptoms to stroke (vertigo, dizziness, confusion, seizures, headaches and 

transient ischaemic attacks) should be screened in the hospital admission and 

discharge lists, to identify any potential strokes, with alternative stroke-like 

diagnoses. 

Cold pursuit (or passive screening) typically involves retrospectively checking 

hospital discharge registers and death certificates at various intervals during 

and at the end of the study.27  Once a patient is identified to the register, it is 

recommended that all patients are independently assessed by a study 

investigator (preferably a stroke physician or neurologist) to verify and classify 

the patient as a stroke, which lowers the error rate of incorrect stroke 

diagnosis.27, 263 
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Table 3.1  The gold standard criteria for an “ideal” stroke incidence study. 

Domains Core criteria Supplementary criteria 

Standard 
definitions 

• WHO definition of stroke 

• At least 80% CT/MRI verification of the 

diagnosis of ischaemic stroke, 

intracerebral haemorrhage, and 

subarachnoid haemorrhage* 

• First-ever-in-a-lifetime stroke (incident) 

• Classification of ischaemic 

stroke into subtypes (e.g. 

large artery disease, 

cardioembolic, small artery 

disease, other)* 

• Recurrent stroke*  

Standard 
methods 

• Complete, population-based case 

ascertainment, based on multiple 

overlapping sources of information 

(hospitals, outpatient clinics, GP’s, 

death certificates)† 

• Prospective study design 

• Large, well-defined and stable 

population, allowing at least 100,000 

person-years of observation†  

• Follow-up of patients’ vital status for at 

least 1 month* 

• Reliable method for estimating 

denominator (not more than 5 years old 

census data)† 

• Ascertainment of patients 

with TIA, recurrent strokes 

and those referred for brain, 

carotid or cerebral vascular 

imaging* 

• “Hot pursuit” of cases 

• Checks for completeness of 

case ascertainment† 

• Direct assessment of under-

ascertainment* by regular 

checking of GP databases 

and hospital admissions for 

acute vascular problems 

and imaging studies and/or 

interventions 

Standard 
data 
presentation 

• Complete calendar years of data; not 

more than 5 years of data averaged 

together† 

• Men and women presented separately 

• Mid-decade age bands (e.g., 55 to 64 

years) used in publications, including 

oldest age group (≥85 years)† 

• 95% confidence interval around rates 

• Unpublished 5-year age 

bands available for 

comparison with other 

studies 

 

*New criteria; †Updated, modified from Sudlow and Warlow27 
Taken from Feigin and Carter (2004)31 
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It is important that the stroke registers cover whole calendar years to avoid the 

confounding effects of seasonal variation in stroke, as higher rates of stroke 

may occur in the winter months.264, 265  Where studies have collected data on 

consecutive years, rates should not be averaged over time intervals longer 

than 5 years, as it has been shown that rates tend to vary over 5 year 

periods.266  Data also need to be collected, analysed and presented in 5-year 

age bands to allow comparisons with more studies and to reduce the effect of 

different age structures in different populations.  It is important that data from 

ideal studies are similarly presented in publications and it is recommended 

that data be presented in mid-decade age bands (e.g. 55 to 64 years) to 

enable comparability between published studies.27   

Multiple Sources of Case Ascertainment 

Cases of stroke can be identified through a number of different sources 

including acute and rehabilitation (public and private) hospitals, GPs, aged-

care facilities and death certificates.  Ideal stroke incidence studies use as 

many sources of notification as possible to ensure that no cases are missed.27  

The use of multiple sources of notification in studies of trends over time can 

identify any modification in case management through changes in first 

notification of patients to the study.  Multiple sources are also used as a check 

for the completeness of case ascertainment, as overlaps between sources of 

notification are indicative of good case finding methods.27, 267 

The majority of patients in stroke incidence studies are identified through 

sources within hospitals, with up to 95% of all patients admitted to hospital in 

some European studies.268  Inpatient case ascertainment is typically 

conducted using trained staff, actively checking admissions and discharge 

lists for all departments in the hospital, with special effort around medical or 

neurological wards, emergency departments, and neuro-radiology lists.  

These regular checks also identify patients who were admitted to hospital for 

other reasons and subsequently had a stroke.  Hospitals outside the study 

region also need to be monitored regularly, to identify any patients (usually 

resident in the study region) who had their stroke outside the study region, 

controlling for “cross boundary effects”.27  In countries with a two-tiered health 
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system, such as New Zealand, all public and private hospitals of the study 

region should be checked regularly. 

Other sources of case notification are useful for ascertaining up to 6% of 

patients.26  These sources include regular checking of patient lists for 

outpatient stroke clinics, day wards, rehabilitation, physiotherapy, 

occupational and speech therapy clinics or emergency service (ambulance) 

lists.  The ascertainment of all stroke patients in the community is facilitated 

through the setting up of networks with all aged-care facilities (i.e. private 

hospitals and rest homes or hostels), specialists and GPs in the region.  

These sources are more likely to identify patients of mild stroke or TIA that 

were not admitted to hospital,237 cases of sudden death at home and severely 

disabled patients who have a stroke remaining in rest homes or private 

hospitals.  However, some European studies have shown that the majority of 

stroke patients are admitted to hospital, especially in Scandinavian countries, 

with an egalitarian health systems.76, 268, 269 

Routinely collected mortality data are useful for identifying non-hospitalised 

fatal cases of stroke.  Fatal patients of stroke are less likely to be hospitalised 

and therefore less likely to receive a primary diagnosis of stroke on the death 

certificate.254  It is also recommended that all autopsy or coroner’s records be 

checked for possible patients of stroke, due to the sudden attack rate of stroke 

and to assess the accuracy of diagnosis in fatal patients.226  In many 

countries, there are delays in the coding and entering of mortality data into 

routine mortality statistics, so it is recommended that mortality data should be 

checked up to one year after the end of the register, to capture any delayed 

cases of stroke.  Fatal strokes identified only by death certificate or autopsy 

should be verified with the registering doctor or family.27 

Assessment of the Completeness of Case Ascertainment 

Checks for the completeness of case ascertainment in an ideal stroke 

incidence study are recommended,27 to measure the quality of the data and 

estimate if any group of cases are being missed by the register.  

Completeness of case ascertainment can be assessed either directly, through 

additional checks of GP and hospital databases, or indirectly through 
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statistical checks such as the capture-recapture technique.  Ideally a stroke 

incidence study should be shown to be either 100% complete or provide an 

estimate of the proportion of missing cases.270 

Two measures that directly assess the completeness of case ascertainment 

have recently been proposed.25  Firstly, anonymised electronic primary care 

records are accessed to identify any patients who received medical attention 

for stroke but had not been notified to the study.  Secondly, a “high risk” (if 

they had an acute coronary or peripheral vascular event or a related 

investigation or intervention during the study period) subset of the study 

population, may be interviewed and followed up to see if they had a stroke.  In 

the recent Oxford Vascular Study (OXVASC) study, the first method identified 

only an additional two patients, whereas the second method did not identify 

any additional patients.25   

An indirect method to assess the data quality of a stroke incidence study was 

developed for the MONICA project.226  This can be used as an indirect 

measure of the quality of the data and hence the comparability between 

studies.  This method uses five criteria: 

1. the ratio between the number of deaths in the register and the 

number of deaths from routine statistics;  

2. the proportion of fatal cases occurring outside the hospital in relation 

to all stroke deaths which is used to estimate the completeness of 

data on fatal out-of-hospital events; (a fatal event is defined as death 

within the first 28 days after onset); 

3. the 28-day case fatality ratio is used as an indicator of the 

completeness of registration of non-fatal stroke patients;  

4. the proportion of surviving stroke patients cared for outside the 

hospital is used to estimate the completeness of non-fatal, non-

hospitalised stroke events; and 
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5. the proportion of fatal patients examined by a physician before the 

death or subjected to autopsy is used to estimate the accuracy of the 

assignment of diagnostic category in fatal patients.  

These criteria are useful for identifying problems in the data which may 

require further validation, such as differences in the diagnosis of stroke in the 

stroke register as compared to routine statistics.  They may also measure 

internal consistency in case-finding efficiency, in studies that collect patients 

over a number of years, identifying changes in case ascertainment due to 

variations in the management of patients or in the collection of routine 

statistics.   

The capture-recapture method also provides an indirect measure of the 

completeness of case ascertainment.  These were originally developed to 

estimate the number of animals in a population,271 but more recently have 

been applied to human populations in public health and used in 

epidemiological methodology.270, 272-274  The technique assesses the overlap 

of case notification between multiple sources of notification, to estimate and 

quantify the number of cases missing in the survey.273  It can also be used in 

cost effectiveness analysis to identify sources of notification which were not 

useful in ascertaining new cases of stroke, indicating that such sources may 

not be required in future studies.270, 272  However, these methods remain 

controversial in their application in epidemiological studies of chronic 

disease,270, 275-278 mainly because of the number of assumptions (discussed in 

Chapter 4, Methods, Section 4.5.2.1) that are required.275  Consequently, the 

results of capture-recapture analyses should be interpreted with caution, as 

they are subjective and depend on the method of analysis used.  However in 

stroke research, capture-recapture techniques are becoming more common in 

estimating the completeness of stroke registers and adjusting rates, through 

modelling of the overlap in the sources of notification.270, 279 

Pathological Stroke Subtypes 

Stroke is a heterogeneous pathological condition encompassed by the WHO 

definition.  Data on stroke subtypes are less common in studies conducted 

before the 1990s due to the limited use of neuroimaging.  However, with the 
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greater availability of neuroimaging in most developed countries over the past 

decade, it is now possible to define strokes into specific pathological 

subtypes, including ischaemic stroke, PICH and SAH.  Therefore, it has been 

recommended that the subtyping of strokes is dependent on over 80% of 

patients receiving some form of neuroimaging (CT or MRI) within 30 days of 

the stroke, or an autopsy, or in the case of SAH with evidence of blood in a 

lumber puncture.29  Definitions for stroke subtypes must be standardised and 

made clear in publications, to enable comparability of rates between studies.   

Supplementary Criteria 

The original criteria for an ideal stroke incidence study were developed almost 

two decades ago, but they have been updated to encompass changes in case 

ascertainment, rates of hospitalisation and neuroimaging, to improve the 

comparability between studies.25-27, 29-31  In 2004, the updated criteria were 

combined and a new gold standard for an ideal stroke incidence study was 

proposed (Table 3.1).31  These supplementary criteria include the 

classification of ischaemic subtypes of stroke, and recommend the collection 

of all recurrent strokes and TIAs.  The checking of all TIAs patients may 

provide an extra 15% of incident cases.25  Studies that use all of the core and 

most of the supplementary criteria for an ideal stroke incidence (Table 3.1) 

have been shown to have near complete case ascertainment.25 

Complexities in Ideal Studies 

In 1987, Malmgren et al. reviewed 65 stroke incidence studies worldwide, 

using the core ideal criteria, of which only nine studies met the criteria.28  In 

1997, Sudlow and Warlow conducted a review of stroke incidence studies 

carried out between 1984 and 1994 and found that only 11 out of the 35 

studies, fulfilled the criteria for an ideal study.166  The limited number of 

studies that fulfil the criteria for an ideal stroke incidence study is a reflection 

of the difficulties involved in undertaking such studies.  Although it is important 

that incidence studies fulfil most of the criteria to enable comparability within 

populations over time and between studies, the criteria are difficult to apply in 

developing countries due to variation in the organisation of health care.  

Stroke incidence studies need to be clear and concise about the definitions 
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and methods used in case ascertainment and data analysis and in the 

presentation of data in publications, to enable comparability between similar 

studies.   

3.1.4. Summary 

There is variation in the methods used to survey stroke.  The gold standard is 

to use a prospective population-based study design utilising both hot and cold 

pursuit methods of case ascertainment, to collect all fatal and non-fatal 

strokes occurring in hospital and the community, hence fulfilling the criteria for 

an ideal stroke incidence study.  Ideal studies provide the most reliable 

estimates of stroke in a population because of these standard methodologies 

and definitions and provide data that are typically comparable across 

populations.  However, as these studies are resource intensive and expensive 

to conduct, they are traditionally confined to developed countries that have 

already identified non-communicable disease as a major health problem.  

With the growing burden of stroke in developing countries, it is important to 

develop stroke awareness and surveillance systems in these regions, which 

has been made possible through the development of the WHO STEPS-Stroke 

program.  

3.2. Trends in Stroke Mortality 

Many studies have used mortality data to review trends, and geographical 

variation in trends, in stroke mortality worldwide, as it is easily accessible and 

can be reviewed retrospectively.  Trends in stroke mortality may also be used 

to project the number of stroke deaths to estimate future burden on health 

care services.  However, as mentioned earlier, stroke mortality data only 

focuses on a small proportion of the actual burden of stroke on health care 

services, as only approximately 30% of stroke patients die as a direct 

consequence of their stroke.  In this section, due to the large number of trends 

in the mortality of stroke studies in developed countries, the focus is on 

international review papers that have compared trends worldwide.  Trends in 

low to middle-income countries and ethnic disparities in trends in stroke 

mortality in developed countries are also explored.   
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Stroke mortality declined dramatically over the past four decades in many 

countries worldwide.35, 155, 280  In the US, stroke mortality rates began to 

decline in the 1920s, the decline accelerating in the 1970s.18, 281  In many 

industrialised countries, the average decline from 1970 to 1990 was around 

50%, with declines up to 75% in Japan.35  However, more recently, there have 

been suggestions of a reduction in the decline in stroke mortality in many 

countries.33, 36  There is great variability in trends across the world, with 

diverging trends, due to increasing rates in Eastern Europe and decreasing or 

stable rates in affluent industrialised countries.36, 282   

A recent review of international trends, compared mortality data from 51 

industrialised and developing countries worldwide, from 1968 to 1994, using 

mortality data from the WHO data bank.36  This review was one of the first to 

investigate trends in mortality in the elderly (people aged over 75 years).  In 

general, the highest rates of stroke mortality were found in Eastern European 

countries, Mauritius and Trinidad and Tobago, with the lowest rates in 

Switzerland, Canada, the United States and Australia.  The largest declines in 

stroke mortality were observed in Japan, Australia, France, Switzerland and 

the United States, as well as in Israeli women.  Increasing trends were found 

in Eastern European countries, especially the former republics of the Soviet 

Union, since the 1990s.  Temporal trends were more favourable for women 

than men, with steeper declines in mortality and if there was an increase in 

rates, the increase was smaller for women than men.  The countries with low 

mortality rates, or showing steep declines in stroke mortality, were typically 

affluent industrialised countries.36 

These results are comparable to other international comparisons of trends in 

stroke mortality rates, where countries with higher rates tended to experience 

less favourable secular trends than countries with low rates.35, 36, 155  Japan 

had the largest declines in stroke mortality, 35, 36, 283-285 with an average annual 

decline of 7%, from the 1970’s onwards.36  However, as with other developed 

countries this decline has been reduced since the 1990s.283  Recently, there 

have been consistent declines in stroke mortality in Brazil over the past three 

decades, with the greatest decline in more recent years between 1990 and 
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2000.286  Less decline in the poorer regions of Brazil, led to the assumption 

that improved general health and economic conditions are partially 

responsible for the decline in stroke mortality.286 

New Zealand was ranked within the top 10 countries with the largest declines 

in stroke mortality from the 1970s.36, 155  However, greater declines in stroke 

mortality have been found in Australia compared to New Zealand.287, 288  In a 

review of cardiovascular mortality in New Zealand and Australia from 1968-

1983, New Zealand had lower rates of stroke in the beginning period.  

However, due to larger declines in Australian populations stroke mortality 

rates became lower in Australia over time.288  The reasons for the differences 

are not known but may be due to a slower uptake of primary prevention 

strategies for cardiovascular risk factors in New Zealand.  

Most mortality studies do not provide information on trends in stroke subtypes 

due to problems with the coding of stroke subtypes on death certificates, 

which may mask different patterns of change among subtypes.  A study from 

the UK, reviewing autopsy studies, found steep declines in mortality from 

cerebral haemorrhage with an increase then decline in ischaemic stroke 

subtypes.233  The ratio of ischaemic stroke to haemorrhage increased from 0.5 

in the 1930s to 2.0 in the 1970s, which may be due to increasing diagnostic 

capabilities and declines in the proportion of uncertainty about stroke 

diagnosis.233  Similar trends of larger declines in haemorrhagic compared with 

ischaemic stroke have been shown in several countries worldwide.258, 284, 289  

The decrease in mortality for haemorrhagic stroke occurred after CT scanning 

was first introduced, which may be due to the identification of smaller 

haemorrhages which would have been previously classified as ischaemic 

strokes.258  Whereas, trends in mortality from ischaemic stroke were found to 

mirror those in coronary heart disease, suggesting changes in common 

causes such as atherosclerosis.290  

3.2.1. Ethnic Disparities in Trends in Stroke Mortality 

As discussed in Chapter 2, disparities in the rates of stroke among ethnic 

groups in developed countries have been shown, with the highest rates in 
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ethnic minority groups.  Ethnic disparities in trends in the rate of stroke 

mortality over time have also been shown.  In the US, African Americans had 

consistently higher rates of stroke mortality than white Americans over time, 

with no change in the ratio of stroke mortality rates between African 

Americans and whites.18, 291, 292  Declines, up to the year 1996 were largest in 

white men and smallest in African American men,293 whereas, in the UK, the 

largest declines in stroke mortality were found in Caribbean and African 

immigrants.294  More recently, the decline has dropped off, particularly in US 

white populations.281  It has been hypothesised that the reduction in the 

decline in stroke mortality rates in white Americans was due to a plateau 

being reached and rates are not expected to decline much more.293  However, 

mortality rates in African Americans have not yet reached this plateau and are 

expected to keep declining. 

Variability in trends in stroke mortality has also been shown in New Zealand.  

Significant declines were found from 1953-1979 in non-Māori men and women 

and Māori women, with stable rates among Māori men.39  Recently, it was 

shown that in New Zealand, all cause mortality declined across all ethnic 

groups from 1980 to 1999.12  However, the gaps in mortality between Māori 

and Pacific and non-Māori non-Pacific New Zealanders actually widened 

across the 20 years, due to steeper declines in the latter group.  For stroke, it 

was found that Pacific populations had the highest rates of stroke mortality, 

and again although rates declined in all ethnic groups, the decline was slower 

in Māori and Pacific populations, leading to widening of the disparities over 

time.40 

3.2.2. Summary 

Mortality data are invaluable in investigating changes in the rates of disease 

over time, for comparing rates between populations and identifying high-risk 

groups, due to the low cost, easy accessibility of the data.  Significant 

geographical variations in trends in stroke mortality have been shown over 

time, with declines in most developed countries and increases in Eastern 

European countries.  Mortality data has also been important in identifying 

ethnic disparities in the rates and trends in stroke death in developed 
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countries, leading to the development of health policies aimed at eliminating 

these disparities, particularly in the US and New Zealand.150, 153 

Comparisons of trends in stroke mortality between populations or over time 

should be interpreted with caution, due to the variability in the access to, and 

quality of, mortality data.  Mortality data also only provides information on fatal 

patients of stroke, which is only 30% of the burden of stroke and trends in 

stroke mortality may be influenced by changes in diagnostic coding of 

stroke.233  Inferences can be made about what has influenced trends in stroke 

mortality over time, with associations with changes in the incidence of the 

disease or improvements in treatment and survival over time.  However, these 

associations need to be made in a population-wide setting, to ensure that all 

patients of stroke are captured, not just deaths, and the causal relationship 

between incidence, survival and mortality can be explored.  

3.3. Trends in Stroke Incidence 

It is important to investigate trends in the incidence of stroke to identify the 

number of new patients occurring and highlight the effectiveness of primary 

prevention strategies.  However, the results of trends in the incidence of 

stroke in population-based studies are varied, due to differences in study 

design and methodology and different study populations.  The first section 

focuses on trends in stroke incidence from large cohort studies from the US.  

The second section focuses on trends in hospitalised stroke incidence from 

hospital-based studies.  The third section reviews, integral publications from 

the MONICA collaboration, comparing trends in the incidence of stroke across 

countries in Europe and China.  The fourth section reviews the limited studies 

that have investigated ethnic disparities in trends in the rate of stroke.  The 

final section provides a systematic review of trends in the incidence of stroke 

from ideal population-based studies, as these studies provide the most 

reliable and comparable data on trends in the rate of stroke over time.  A 

detailed review of how these studies were collected and analysed is provided 

with a summary of the results in the context of other, less robust population-

based studies. 
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3.3.1. Trends in Cohort Studies 

The incidence of stroke declined from the 1950s to the 1970s in the US.258, 266  

In a large cohort study conducted in Rochester, Minnesota, a decline of 45% 

in the average annual incidence of stroke between 1945 and 1979 (an annual 

decline of 1.3%) was found.258, 295  In the Framingham cohort it was found that 

incidence rates rose non-significantly from 1953 to 1973, though these results 

are hampered by the small numbers of strokes.243, 296  However, these cohort 

studies were limited to unique white populations in the US and were based on 

retrospective data analysis.  As with trends in stroke mortality, the incidence of 

stroke stabilised in the 1970s and started to increase in the early 1980s.11, 258  

This appears to have coincided with the introduction of CT scanning, possibly 

increasing the detection of less severe strokes.258  Similar trends have been 

found in cohort studies across Europe and Asia, with declines in the rates of 

stroke in the 1970s and stabilising in the 1980s.297, 298  

3.3.2. Trends in Hospital-Based Studies 

Hospital-based studies have been used to investigate trends in the incidence 

of stroke in many developed countries, using admission and discharge lists, 

due to the easy accessibility of electronic medical records.    It has been 

shown that the incidence of stroke stabilised in the 1970s and 1980s, and 

then started to increase in many countries.239, 292, 299-302  However, in Finland, 

continuous declines in the incidence of stroke up to 2002 have been 

shown.303, 304  Declines in the incidence of stroke were typically influenced 

through large declines in ischaemic stroke subtypes, as ischaemic stroke 

contributes the largest proportion of overall stroke burden.304, 305  However, 

declines were found in rates of ICH and rates in ischaemic stroke were stable 

or increasing in China,156 and Japan,284 which may be due to the high initial 

rates of haemorrhagic stroke in Asian countries. 

Dramatic increases in the hospitalisation rates for stroke have been found, 

even in the light of declining or stable trends in event rates.238, 306, 307  This 

may be due to improvements in the general public’s knowledge about the 

risks and signs of stroke, and the importance of going to hospital if they have 
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a stroke.189  However, this also highlights one of the problems with using only 

hospitalisation data, as this is influenced by changes in hospital admission 

and clinical care practices.   

3.3.3. Trends in Stroke in MONICA 

The MONICA project was the first large population-based study initiated to 

investigate trends in the rate of stroke over time, using standard definitions 

and methods of case ascertainment.  As with trends in the incidence of stroke 

from cohort and hospital-based studies, the rates of stroke declined in the 

1970s and stabilised in the 1980s, across most individual MONICA studies.308-

310  However, trends between countries diverged, with increasing rates in 

Eastern European countries and decreasing or stable rates in more affluent 

European countries.36, 282   

In a review of 17 MONICA studies, annual stroke attack rates (all stroke) 

decreased from 1985 to 1990, among men in 13 studies (ranging from -6.5% 

to 6.8%) and among women in 15 studies (ranging from -13.8% to 4.5%),37 

producing an average annual change of -1.2% and -3.5%, respectively.  

However, only a few of the trends were statistically significant, with significant 

declines in men in Denmark and Northern Sweden and in females in Finland 

and Moscow and significant increases in Warsaw, Poland.  Similar results of 

ten-year trends (between 1982 and 1995) in stroke rates using 14 of the 

MONICA studies, showed declines in attacks rates in men in Finland 

becoming significant.311  However, most of the MONICA results are based on 

all stroke attack rates (not incidence strokes) and only limited age ranges 

were registered in the studies, thereby excluding the large proportion of 

strokes occurring in the elderly, and limiting the comparability of the results 

with other population-based studies.   

3.3.4. Ethnic Disparities in Trends in Stroke Incidence 

Few studies have investigated ethnic disparities in trends in the incidence of 

stroke, due to the limited number of populations with a large enough ethnic 

minority population.  In the US, trends in the incidence of hospitalised stroke 

in African Americans were stable between 1985 and 1991, with continuous 
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declines in US white populations.239  However more recently, increases in 

hospital discharge rates for stroke in African Americans have been shown, 

with declines in white Americans, suggesting a widening of the ethnic gap in 

the risk of stroke in the US.41  Moreover, in-hospital mortality rates were stable 

over time in both African American and white American populations, 

suggesting that the ethnic disparities shown in stroke mortality rates are likely 

to be due to differences in the incidence of stroke rather than case fatality.41  

In the only large population-based study that has investigated trends in the 

incidence of stroke in an ethnic disparate population, it was found that trends 

in hospitalised stroke incidence rates were stable across all ethnic and 

demographic groups from 1993 to 1999, in the US.43  However, when all 

hospitalised and non-hospitalised patients were included in the analyses, 

there was a significant increase in the incidence rates of stroke which was 

primarily due to increases in the rate of ischaemic stroke in the white 

population.  In the older age groups, the ratio between African American 

stroke rates and whites declined slightly, which may indicate a decline in the 

disparity between the populations, however, this was not significant.43 

3.3.5. Trends in Ideal Stroke Incidence Studies 

This section provides a systematic review of trends in stroke incidence in ideal 

stroke incidence studies, explaining the methods used to select, analyse and 

pool the results from the studies.  This review aims to provide reliable 

information on the direction of trends in the incidence of stroke worldwide and 

quantify the size of the annual change in incidence and case fatality.  To date 

there has been no systematic review of trends in stroke incidence and 

outcome using data from ideal studies.   

3.3.5.1. Methods 

Data for this review were identified from the following databases: MEDLINE, 

EMBASE, CINAHL, and BIO ABSTRACTS using similar search strategies.  

The search strategy (Appendix 2) identified all publications with 

“cerebrovascular disorders” (based on the Cochrane Stroke Group 

methodology) and any mention of “ethnicity”, “incidence”, “prevalence”, “case 

fatality”, “mortality”, “morbidity” or “epidemiology” and “trend” or “decline” in 
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the title, keywords or abstract of the publication.  Reference lists and 

conference proceedings were also checked for relevant studies.  Studies were 

included in this review if they met the following criteria for an ideal stroke 

incidence study (described previously): 

• prospective population-based study 

• standard definitions of stroke 

• no upper age limit 

• hot pursuit of patients, hospitalised and fatal  

• inclusion of non-hospitalised non-fatal patients by regularly checking 

with GPs, rest homes and private hospitals 

• temporal trends in the incidence of stroke 

• similar protocols and definitions used across the studies 

• published between 1990 and 2005. 

The studies from the searches were grouped into four categories: population-

based ideal stroke incidence trends (if they met the inclusion criteria), 

population-based (not ideal) stroke incidence trends, stroke mortality trends, 

and not stroke or temporal trend.  If a study met the inclusion criteria, but had 

not published data on trends in the incidence of stroke, the authors were 

contacted for any information on the study.  If no information was provided, 

this study was labelled as a “drop out” study and not included in the review. 

Data Extraction 

Data on the incidence and case fatality from stroke were extracted from the 

published papers, using a standardised form and excel spreadsheet.  A 

second reviewer did not check the data extraction, it was however, checked 

on multiple occasions.  If data from the same cohort, using the same study 

design and geographical region but covering different study periods, were 

published in multiple publications, these were maintained in the review as 
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separate studies or the most recent publication was used.  The results from 

the study periods across were combined to give an overall result for that study 

cohort. 

Statistical Analysis 

A study was defined as data from a publication meeting the inclusion criteria 

for this review.  Study periods were defined as the continuous measurement 

of stroke data, usually over whole calendar years.  Sequential study periods 

were studies conducted using the same methodology and geographical region 

at different time points.  The percentage change in rates was calculated 

between sequential study periods for each study, by taking the rate of 

sequential study period away from the prior rate:312   

1

12%
R

RRchange −
=

, 

where Ri is the published standardised rate of the sequential study periods.  

The annual percentage change was calculated by summing the changes 

between sequential study periods and dividing this by the total number of 

years the study covered.  The overall percentage change was calculated by 

taking the rate of the last study period away from the rate from the first study 

period.  95% confidence intervals were calculated by using a Poisson 

Distribution, using 05.0=α .  See Appendix 3 for a detailed description of 

these calculations.  All of the analyses were conducted on published 

standardised rates.  Therefore, the rates were not re-analysed or re-

standardised to a common standard population, as not all of the papers 

presented crude incidence rates by age and sex.   

Pooled estimates 

Where appropriate the overall and annual percentage changes were pooled to 

give an overall effect of trend for the study cohort.  For each endpoint, the 

inverse variance method was used to calculate a fixed effects estimate of the 

pooled effect size of the studies.313  See Appendix 4 for a detailed description 

of these analyses.  The Q-statistic was used to test for heterogeneity between 

the studies.  If significant heterogeneity was found (p-value <0.05), the 
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DerSimonian and Laird random effects model was used to pool the data.313  

Both the fixed and random effects are presented here to show the difference 

between the fixed and random effects models.  A number of sensitivity 

analyses were conducted by grouping studies into similar geographic regions 

(Australasia, Western Europe and Eastern Europe) and study decades 1970 

to 1990 and 1990 to 2000.  Studies with extreme results were removed from 

the pooled estimates to check the reliability of the pooled results.  Only data 

on total incident stroke were pooled, if the published data were only presented 

by sex then the studies were not included in the pooled analysis. 
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Table 3.2  Summary table of methods used for case ascertainment, analysis and data presentation, and the strengths and limitations 

for population-based ideal stroke incidence studies. 

Study/Region Years Case Ascertainment Methodology 
• Age groups 
• Standardisation 
• Rate denominator 
• Analysis 

Presented Data  Strengths and Limitations 

Bonita et al. 1993 314 
Auckland, New 
Zealand 

1981-1982, 
1991-1992 

Patients admitted to 4 
hospitals checked daily. 
Death certificates and 
necropsy reports checked 
monthly. Monthly contact with 
sampled GPs, rest homes, 
private hospitals, stroke 
groups.  Out of region 
hospitals checked. 
Sampling of out of hospital 
strokes. 
Extra checks in 1991 study, 
electronic discharge list, 
neuro-radiology lists.  

• 15+ years, 10 year age 
groups 

• Direct, to Segi world 
population, per 100,000 

• National census 1981 
and 1991 for the 
Auckland region 

• 95% CI adjusted for 
sampling procedures. 
Mantel-Haenszel chi-
square test, Breslow-Day 
test for heterogeneity 

• Crude incidence rates by 
age and sex 

• Standardised rates by 
sex 

• Rate ratio of 
standardised rates by 
age (<75,≥75) and sex 

• 28 day case fatality (%) 
with rate ratio 

Strengths 
• Similar protocols and quality-

control measures 
• Same length of study periods 
• Crude and standardised rates 
• Extra checks for case 

ascertainment in latter study  
Limitations 
• Trends across only 2 study 

periods 
• Sampling procedures of non-

hospitalised patients 
• Unadjusted numbers for 

sampling presented for 1981 
study 

• No subtypes due to low CT 
rates 
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Table 3.2  Summary table of methods used for case ascertainment, analysis and data presentation, and the strengths and limitations 

for population-based ideal stroke incidence studies. 

Study/Region Years Case Ascertainment Methodology 
• Age groups 
• Standardisation 
• Rate denominator 
• Analysis 

Presented Data  Strengths and Limitations 

D’Alessandro et al. 
2000 315 
Valle d’Aosta, Italy 

1989,  
1996-1997 

Collected all strokes and TIAs 
Daily checks of hospital 
admission records, neurology 
and geriatric departments. 
GPs, first-aid and hospital 
doctors asked to refer cases. 
Death certificates checked 
weekly. Out of region 
hospitals checked. 

• All ages, 10 year age 
groups 

• Direct, to 1991 Italian 
population, per 1000 

• ISTAT census 1988 and 
1996 for Valle d’Aosta 

• Chi-square test for 
comparisons between 
the two periods 

• Crude incidence rates by 
stroke subtype, and sex  

• Crude and standardised 
incidence rates by age 
and sex 

• Age and sex distribution 
of Valle d’Aosta and Italy 

• 30 day fatality (%) by 
stroke subtype 

Strengths 
• Similar protocols 
• All strokes and TIAs registered 
• Same length of study periods 
• High CT rate for subtypes 
Limitations 
• Small population size 
• Small number of annual strokes 
• Trends across only 2 study 

periods 
Feigin et al. 1995 316 
Novosibirsk, Russia 

1982-1992 Notification from 2 hospitals, 
GPs, neurologists, in- and 
out-patient clinics, 
pathologists and forensic 
experts. Daily review of death 
certificates and ambulance 
registrations, weekly review 
of hospital registrations, 
outpatient clinics and 
autopsy’s. 

• All ages, 10 year age 
groups 
• Direct, 1970 US white 

population, per 100,000 
• All-Union census, 1979 

to 1989 
• Poisson regression 

adjusting for sex, age, 
and period 

• Annual crude and 
standardised incidence 
rates, overall, by age 
and sex  

• Plots of 3-year running 
average incidence rates, 
by sex and age  

• Crude and adjusted 30 
day case fatality rates by 
sex, overall 

Strengths 
• Constant methodology 
• Provides annual crude and 

standardised age*sex rates 
• 97% of patients seen by a study 

neurologist 
• Comparisons with Rochester 

study 
Limitations 
• No subtypes, no CT until 1992 
• Used US population as 

standard 
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Table 3.2  Summary table of methods used for case ascertainment, analysis and data presentation, and the strengths and limitations 

for population-based ideal stroke incidence studies. 

Study/Region Years Case Ascertainment Methodology 
• Age groups 
• Standardisation 
• Rate denominator 
• Analysis 

Presented Data  Strengths and Limitations 

Jamrozik et al. 1999 
317 
Perth, Australia 

1989-1990, 
1995-1996 

Collected all strokes and TIAs 
Neuro-radiology lists, 
inpatient admissions to 2 
hospitals, and death 
registrations. Nursing homes 
and GPs contacted regularly. 
Electronic records of all 
inpatient separations and 
death registrations for 
Western Australia. 

• All ages, 10 year age 
groups 
• Direct, Segi world 

population, per 100,000 
• Census estimate, 1989 

and 1995 
• Poisson regression 

adjusting for age, period 

• Plots of age-specific 
incidence and attack 
rates by period by sex 
• Standardised incidence 

and attack rates by sex, 
and subtype 
• Measures of severity of 

strokes by time 
• 28 day case fatality (%) 

by subtype  

Strengths 
• Similar protocols 
• Registered all stroke and TIA 
• Stroke subtypes 
Limitations 
• Uneven periods of registration 
• Small study population 
• Trends across only 2 study 

periods 
 

Jorgensen et al. 
1992 318 
Frederiksberg, 
Denmark 

1972-1974, 
1989-1990 
 

All hospital cases evaluated. 
GPs and nursing institutions 
regularly asked to send non-
hospitalised patients to out-
patient clinic. Checked death 
certificates regularly. 
 

• All ages, 10 year age 
groups 
• Indirect, to 1990 study 

population and 1990 
Danish population, per 
1000 
• Frederiksberg official 

statistics, 1973 and 1990  
• Chi-square test  

• Sex and age distribution 
of the 2 periods 

• % Incident and recurrent 
cases  

• Tables of crude and 
standardised incidence 
rates overall, male and 
female 

• Incidence rates by stroke 
subtype for 1989-1990 

Strengths 
• Similar protocols 
• Provide the age-sex distribution 

of the area for the two study 
periods 

• Crude and standardised rates 
Limitations 
• Different time lengths of the 

studies 
• Trends across only 2 study 

periods 
• Decrease in population over 

time 
• GP notification in 1972 study, 

only if not already registered  
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Table 3.2  Summary table of methods used for case ascertainment, analysis and data presentation, and the strengths and limitations 

for population-based ideal stroke incidence studies. 

Study/Region Years Case Ascertainment Methodology 
• Age groups 
• Standardisation 
• Rate denominator 
• Analysis 

Presented Data  Strengths and Limitations 

Korv et al. 1996 319 
Tartu 1, Estonia 

1970-1973, 
1991-1993 

Collected all strokes and TIAs 
in 1970 study. 
DNN University hospital, 5 
hospitals, one outpatient 
clinic. Home call registers, 
death certificates and 
autopsy records checked. 
Discharge lists of other 
departments and hospitals 
checked monthly. All 
neurologists and GPs asked 
to send patients to outpatient 
clinic. 

• All ages, 10 year age 
groups 

• Direct method to 
average pop 1991-1993 
and 1990 Estonia pop, 
per 100,000 

• Tartu census, 1970 and 
1989  

• Chi-square test  

• Crude incidence rates, 
overall by age, and sex  

• Standardised incidence 
rates  overall and by sex 

• 30 day (%) case fatality 

Strengths 
• Similar protocols 
• Registered all strokes and TIAs 

only in the 1970 study 
• Crude and standardised rates 
Limitations 
• Different lengths of study 

periods 
• Different rates of patients 

admitted to DNN, with patients 
aged <60 years only admitted in 
1970 

• Trends across only 2 study 
periods 

• Did not use mid-year age bands 
• Small population 
• Only incident cases registered 
• Low use of CT in 1970 study 
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Table 3.2  Summary table of methods used for case ascertainment, analysis and data presentation, and the strengths and limitations 

for population-based ideal stroke incidence studies. 

Study/Region Years Case Ascertainment Methodology 
• Age groups 
• Standardisation 
• Rate denominator 
• Analysis 

Presented Data  Strengths and Limitations 

Lemesle et al. 1999 
320 
Dijon, France 

1985-1994 Collected all first ever strokes 
and TIAs. 
University hospital, 4 private 
hospitals, 3 radiological 
centres, neurologists and 
vascular specialists, GPs, 
death certificates checked 
regularly. 
 

• All ages, (<55, 55-74, 
75+ years) 

• Direct, Segi world 
population, per 100,000 

• Annual census estimates 
for Dijon  

• Mean annual change in 
incidence rate=a*exp(bt) 

• Standardised incidence 
rates by subtype by sex,  
year 

• Mean annual change in 
crude rates by sex, age 
by subtype 

• Plots of crude rates by 
subtype, by sex, by age 

Strengths 
• Constant methodology 
• Registered all strokes and TIAs 
• Annual rates for 10 years 
• Ischaemic stroke subtypes 
• Low rates of undetermined 

strokes 
Limitations 
• Only ischaemic rates presented 
• Overall rates not presented 
• Rates not presented by age 
• Small population  
• Low numbers of strokes  
• Only incident strokes collected 



 

 64 

Table 3.2  Summary table of methods used for case ascertainment, analysis and data presentation, and the strengths and limitations 

for population-based ideal stroke incidence studies. 

Study/Region Years Case Ascertainment Methodology 
• Age groups 
• Standardisation 
• Rate denominator 
• Analysis 

Presented Data  Strengths and Limitations 

Morikawa et al. 2000 
260 
Oyabe, Japan 

1977-1981, 
1982-1986, 
1987-1999 

All admissions from 3 general 
hospitals, all GPs in the area 
(25 in 1977 and 31 in 1991). 
Also public health nurses, 
local associations, and stroke 
support groups were 
checked. Death certificates, 
social insurance records and 
ambulance registers were 
regularly checked. 

• Ages 25+ yrs, 10 year 
age groups 

• Indirect, mean 
population of the Oyabe 
Health centre 1977-
1991, per 100,000 

• Population of the Oyabe 
Health centre 

• Chi-square test for trend 
for pairwise tests 

• Proportion of stroke 
subtype by sex, and 
period 

• Crude incidence rates by 
age and sex, by period 

• Standardised rates by 
age (<75, >75) and sex, 
by period 

• 28 day case fatality (%) 
by age, sex  

Strengths 
• Similar protocols 
• Crude and standardised rates 
• Presented stroke subtypes 
• Annual collection of cases  
Limitations 
• Only incident strokes collected 
• Overall rates not presented 
• Low number of reports from 

GPs, high from death 
certificates 

• Small number of annual strokes 
• Not all hospitals and GPs 

included 
• Change in CT use 
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Table 3.2  Summary table of methods used for case ascertainment, analysis and data presentation, and the strengths and limitations 

for population-based ideal stroke incidence studies. 

Study/Region Years Case Ascertainment Methodology 
• Age groups 
• Standardisation 
• Rate denominator 
• Analysis 

Presented Data  Strengths and Limitations 

Rothwell et al. 2004 
38 
Oxford, UK     

1981-1984, 
1986,  
2002-2004 

Collected all strokes and TIAs 
Computerised hospital 
diagnostic codes, hospital 
admission and emergency 
department registers, 
coroners office and death 
certificates, checked 
regularly. Regular visits and 
newsletters to 9 general 
practices, 63 GPs. 
Extra checks in 2002 study, 
daily visits hospital units and 
wards. List of patients having 
brain imaging or Doppler. 

• All ages, 10 year age 
groups 
• Direct, 2001 England 

and Wales population, 
per 1000 
• Age-sex register of GP 

practices 
• CIs calculated with 

Poisson distribution. 
Poisson regression 
models adjusted for age 
and sex  

• Age-sex structure of two 
populations with crude 
incidence rates 
• Standardised incidence 

rates by three periods, 
sex, age, overall, 
subtype, disability 
• Plots of rates by age for 

TIA, minor and  non-
minor stroke 
• Crude and standardised 

incidence TIA’s 
• Plots and tables of 

premorbid risk factors 
and medication  

Strengths 
• Similar protocols 
• Registered all strokes and TIAs 
• All cases in both studies were 

reviewed by the same 
neurologist 
• Crude and standardised rates 
• Presented stroke subtypes 
• Extra methods of case 

ascertainment in 2002 study 
• Checks for complete case 

ascertainment  
Limitations 
• Different lengths of study 

periods 
• Small population, not defined by 

geographical boundaries 
• Small number of annual strokes 
• Not all GP practices in region 

included. 
• Census not used for 

denominator  
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Table 3.2  Summary table of methods used for case ascertainment, analysis and data presentation, and the strengths and limitations 

for population-based ideal stroke incidence studies. 

Study/Region Years Case Ascertainment Methodology 
• Age groups 
• Standardisation 
• Rate denominator 
• Analysis 

Presented Data  Strengths and Limitations 

Terent 2003 268 
Soderhamn, 
Sweden 

1975-1978, 
1983-1987, 
1987-1990 
 

Collected all strokes and TIAs 
One Hospital checked daily, 
GPs, nursing institutions in 
the area checked weekly. 
Asked all doctors to send all 
strokes and TIAs to hospital. 
Death certificates were 
checked from the National 
Bureau of statistics. 
 

• Ages 15+ years, 10 year 
age groups 

• Direct, age and sex to 
1990 Swedish pop, per 
100,000. Direct, age to 
Euro pop of 1999 

• Census population of 
Soderham 1974, 1983, 
1987. 

• CIs calculated using 
Poisson distribution. 
Linear regression for 
trends. Survival analysis, 
logistic regression and 
Kaplan Meier  

• Crude and adjusted 
incidence rates, by sex, 
overall  

• Plots of correlation 
between rates and  year, 
by subtype 

• Case fatality (%), 7 days, 
28 days, and 3 months 

• Survival 1, 5 and 10 
years, by age and overall 

Strengths 
• Similar protocols 
• Collected all stroke and TIAs 
• Crude and standardised rates 
• Survival analysis 
Limitations 
• Different lengths of study period 

s  
• Different length of times 

between study periods 
• Small population, small number 

of annual strokes  
• Low use of CT scanning  
• Large proportion of industrial 

workers 
• Only incident cases in first 

period 
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Table 3.2  Summary table of methods used for case ascertainment, analysis and data presentation, and the strengths and limitations 

for population-based ideal stroke incidence studies. 

Study/Region Years Case Ascertainment Methodology 
• Age groups 
• Standardisation 
• Rate denominator 
• Analysis 

Presented Data  Strengths and Limitations 

Vibo et al. 2005 321 
Tartu 2, Estonia 

1991-1993, 
2001-2003 

Similar to Korv (1996) 
DNN University hospital. 
Death certificates and 
autopsy records checked. 
Discharge lists of other 
departments and hospitals 
checked. All GPs contacted 
monthly. 

• All ages, 10 year age 
groups 

• Direct, European pop  
• Mean Tartu census 

population 1991-1993 
and 2001-2003 

• CIs calculated using 
binomial distribution. 
Trend in rates per year. 
Chi-square for test 

• Crude incidence rates, 
overall by age, and sex  

• Standardised incidence 
rates  overall and by sex 

• 28 day case fatality by 
sex 

Strengths 
• Similar protocols 
• Crude and standardised rates 
• Annual trend presented 
Limitations 
• Uneven periods of registration 
• Trends across only 2 time 

points 
• Did not use the first study period 

1970-1973 
CI = Confidence Interval, CT = Computed Tomography Scan, DNN = Department of Neurology and Neurosurgery (Tartu), 

GP = General Practitioner, TIA = Transient Ischaemic Attack 
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3.3.5.2. Results 

The search strategy produced a large number of publications (over 3000 

publications).  Only 11 ideal studies investigating trends in stroke incidence 

met the inclusion criteria (Table 3.2).38, 260, 268, 314-321  Six out of the eleven 

studies used only two time points to investigate trends,314, 315, 317-319, 321 and 

two studies used annual incidence data to investigate trends.316, 320  One 

study published data on ischaemic strokes only, although information on all 

strokes was collected.320 

There were three publications investigating trends in stroke from Soderhamn, 

Sweden: two investigating trends from 1975 to 1986322, 323 and one 

investigating trends from 1975 to 2001.268  The latter publication was used in 

this review as it encompassed the data from the previous papers and provided 

updated data.268  Two separate publications investigating trends in the 

incidence of stroke from Tartu, Estonia were published.319, 321  Three studies 

were conducted using similar definitions and methodology, with the first 

publication investigating trends in stroke between 1970-1973 and 1991-1993 

(Tartu 1)319 and the second investigating trends between the 1991-1993 and 

2001-2003 studies (Tartu 2).321  The individual published papers were 

included in this review. 

Drop-out studies 

In 2005, data on trends in stroke incidence and case fatality rates in Southern 

Greece, were presented at the European Stroke Conference in Bologna.324  

The original study in Athens, Greece fulfilled the criteria for an ideal stroke 

incidence study.325  However, to date the trend data has not been published.  

The authors of the conference abstract were contacted for information about 

the trends analysis, but no information was heard back from them, so the 

study was not included in the review. 

Study Methods 

Even though all of the studies fulfilled the criteria for an ideal study, there was 

still variation in the methods of case ascertainment, standardisation and 
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analysis in each study. This section describes the variation in study 

methodology between the studies. 

Case Ascertainment.  Most studies used a defined geographic region 

involving all hospitals in the region.  However, the study population of the 

Oxfordshire Community Stroke Project (OCSP) and the OXVASC studies 

were based on a selection of GP practices in Oxfordshire, if they had an age-

sex register of patients, and were willing to notify all stroke patients to the 

register.  Therefore not all GPs in the Oxfordshire area were included in the 

study and the rates calculated are only valid for those practices used in the 

analysis.24  Whole calendar years of data (12 months) were used in all studies 

to eliminate any bias due to seasonal variation in the disease.  However, 

different lengths of data collection were used in three publications, 

Frederiksberg (3 years and 1 year),318 Tartu 1 (4 years and 3 years),319 and 

Oxford (3 years, 1 year, 2 years).38  It has been assumed that this was 

adjusted for in the original calculation of the rates. 

All studies received immediate or daily notifications of all hospitalised patients 

of stroke, and death certificates and autopsy records were checked regularly.  

All studies used GPs as the main source of notification of non-hospitalised 

patients, with nursing homes and private hospitals also checked regularly 

throughout the study periods.  Extra checks for community patients involved 

inspection of first-aid and ambulance registers260, 314-316, social insurance 

records260, neuro-radiology lists,38, 314, 317 and stroke support groups260, 314.  

Five studies collected all strokes and TIAs occurring in the population.38, 268, 

315, 317, 320  Five studies also checked for hospitalisations and deaths of 

residents in the study region due to stroke in hospitals in surrounding 

regions.314, 315, 317, 319, 321  Sampling methods in the collection of community 

case ascertainment were used in the Auckland studies.26, 45 The Auckland 

studies were used in the trends analysis for this thesis and will be explained in 

more detail in Chapter 4. 

Methodology.  Most studies included all age groups in their registration, with 

the exception of Auckland314 and Soderhamn268 registering patients over the 
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age of 15 years, and Oyabe260 registering patients over the age of 25 years.  

Most studies presented incidence rates in 10 year age groups.   

In all of the studies, the method of standardisation used in the analysis of 

rates and the standard population, were clearly stated in the publication.  Most 

studies used the direct method of standardisation to age-standardise rates to 

a relevant population.  However, the standard population used to standardise 

rates varied across the studies, with only two studies using a standard world 

population.314, 317  This makes comparisons between studies more difficult as 

different standard populations were used.  The indirect method of 

standardisation was used in two studies, which is a useful method of 

standardisation when comparing rates within a population and when there are 

small numbers in the age and sex categories.260, 318 

It is important that official standard data were used for the calculation of rates, 

which typically involves using census data for the given region.  Most studies 

used official national census data for the study region on, or around the time 

of the study period as the denominator in the calculation of rates,268, 314, 315, 318-

320.  However, the age-sex register of the GP practices included in the Oxford 

study were used as the denominator for the calculation of rates38 and annual 

data from the Oyabe health centre was used in the Oyabe study.260   

Poisson regression was used in five studies to test for a temporal trend, 

adjusting for age, sex and study period.38, 268, 316, 317, 320  In studies, spanning 

two periods a chi-square test was typically used to test for differences in rates 

between the periods.  Confidence intervals around the rates were typically 

calculated using Poisson distribution, with the exception of one study, which 

used the Binomial distribution to calculate confidence intervals.321  Trends in 

long-term survival, up to 10 years after stroke, was conducted in Soderhamn, 

Sweden.268 

Presented Data.  All studies presented information on first-ever in a life-time 

(incident) strokes, with only one study presenting data on all stroke events.317  

Incident cases of stroke only were registered in five studies, so total event 

rates could not be investigated.260, 268, 319-321  Incidence rates were presented 
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using mid-decade age-bands including the oldest age groups (85+ years), 

with the exception of Tartu 1.319  Most studies published both crude and 

standardised rates of strokes by age and sex for the study populations, by 

period of study.  Nine studies presented information on 28 or 30 day case 

fatality.38, 260, 268, 314-317, 319, 321  Although information on all strokes were 

collected in Dijon, France, only the data for ischaemic stroke subtypes were 

presented in the publication, limiting the comparability to other studies.320 

Strengths and Limitations.  The main strength of these studies is that they all 

used similar methodologies across the study periods.  Additional checks for 

case ascertainment were added in subsequent study periods in two studies.38, 

314  Five studies actively registered TIA’s as well as strokes, thereby 

increasing the sensitivity of capturing mild patients of stroke.38, 268, 315, 317, 320  

Five studies presented rates by stroke subtypes, allowing investigations of 

changes in the aetiology of the disease over time.38, 260, 315, 317, 320  Two studies 

presented annual stroke rates across the study period.316, 320 

One of the main limitations in these studies is that they all have small base 

populations, with less than 250 patients of stroke occurring per annum, with 

the exception of Auckland.314  Only five studies used more than two time 

points to investigate trends.38, 260, 268, 316, 320  Due to the time periods of these 

studies, CT imaging was limited in early studies, thereby limiting the 

presentation of results by stroke subtype. 
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Table 3.3  Summary table of overall percentage change in incidence and annual percentage change in incidence and 

case fatality for ideal studies. 

Study/Region Years Incidence 
Overall % change 

Incidence 
Annual % change  

28 day CF 
Annual % change 

Bonita et al. 1993 314 
Auckland, New Zealand 

1981-1982, 
1991-1992 

Incident 0.74 
• Male -9* 
• Female 9 
 

 Incident 0.07 
• Male -0.9 
• Female 0.9 

 28 day CF -2.5* 
• Male -1.9 
• Female -3.1* 

D’Alessandro et al. 2000 
315 
Valle d’Aosta, Italy 

1989,  
1996-1997 

Incident 10.4* 
• Male 14.0 
• Female -2.3 
 

Subtype 
• ISC 58.7 
• PICH 0 
• SAH 140 
• UND -80 

Incident 1.3 
• Male 1.8 
• Female -0.3 
 

Subtype 
• ISC 7.3 
• PICH 0 
• SAH 17.5 
• UND -10 

30 day CF 0.06 
• ISC 1.9* 
• PICH -1.7 
• SAH -5.3 
• UND 1.9 

Feigin et al. 1995 316 
Novosibirsk, Russia 

1982-1992 Incident -13.8 
• Male -16.0 
• Female -11.1 

 Incident -0.7 
• Male -0.5 
• Female -0.1 

 30 day CF -0.5 
(age adjusted rate) 

Jamrozik et al. 1999 317 
Perth, Australia 

1989, 1995 Incident -26.9* 
• Male -29.9* 
• Female -24.4 
 

Subtype 
• ISC -19.4 
• PICH -40.7 
• SAH -48.4 
• UND -50.0 

Incident -3.8 
• Male -5.0 
• Female -4.1 
 

Subtype 
• ISC -2.8 
• PICH -5.8 
• SAH -6.9 
• UND -7.1 

28 day CF 0.4 

Jorgensen et al. 1992 318 
Frederiksberg, Denmark 

1972-1974, 
1989-1990 
 

Incident  18.1* 
• Male 41.5* 
• Female 3.3 

 Incident  1.0 
• Male 2.3 
• Female 0.2 

  

Korv et al 1996. 319 
Tartu 1, Estonia 

1970-1973, 
1991-1993 

Incident 13.1 
• Male 14.2 
• Female 10.1 

 Incident 1.0 
• Male 1.1 
• Female 0.8 

 28 day CF -3.8 

Lemesle et al 1999. 320 
Dijon, France 

1985-1994  Subtype ISC 
• Male -5.6 
• Female 4.4 

 Subtype ISC 
• Male 0.9 
• Female 5.6 
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Table 3.3  Summary table of overall percentage change in incidence and annual percentage change in incidence and 

case fatality for ideal studies. 

Study/Region Years Incidence 
Overall % change 

Incidence 
Annual % change  

28 day CF 
Annual % change 

Morikawa et al. 2000 260 
Oyabe, Japan 

1977-1981, 
1982-1986, 
1987-1991 

Incident  
• Male -39.5* 
• Female -30.9* 

 Incident  
• Male -2.9 
• Female -2.0 

 28 day CF  
• Male -1.5 
• Female -2.0 

Rothwell et al. 2004 38 
Oxford, UK     

1981-1984, 
1986,  
2002-2004 

Incident -28.6* 
• Male -33.6* 
• Female -23.7* 
 

Subtype 
• ISC -26.4* 
• PICH -54.5* 
• SAH -27.3 

Incident -1.3 
• Male -1.6 
• Female -1.1 
 

Subtype 
• ISC -1.2 
• PICH -2.4 
• SAH -0.2 

30 day CF -0.15 
 

Terent 2003 268 
Soderhamn, Sweden 

1975-1978, 
1983-1987, 
1987-1990 

Incident 3.1 
Crude 1.8 
Crude male 0.2 
Crude female 3.7 

 Incident 0.36 
Crude 1.8 
Crude male 0.2 
Crude female 3.7 

 28 day CF  -1.2 
 

Vibo et al. 2005 321 
Tartu 2, Estonia 

1991-1993 
2001-2003 

Incident -18.3* 
• Male -14.5 
• Female -19.6* 

 Incident -1.8 
• Male 1.5 
• Female -2.0 

 28 day CF -1.3 
• Male 0.4 
• Female -2.0* 

* Significant change, stated in publication 
ISC = Ischaemic Stroke, PICH = Primary Intracerebral haemorrhage, SAH = Subarachnoid Haemorrhage, UND = 
Undetermined 
CF = Case Fatality 
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Overall percentage change 

Table 3.3 presents the overall percentage change in incidence rates for the 11 

studies included in this review.  This was calculated to show the magnitude 

and direction of the change in incidence rates between the first and last time 

points in the studies.  There were significant declines in overall incident stroke 

in Valle d’Aosta,315, Perth,317, Oxford,38 and Tartu 2,321.  However significant 

increases in the incidence of stroke were found in Frederiksberg,318 and Tartu 

1.319  The trends between the sexes were variable across studies with 

significant declines in both males and females in Oxford,38 and Oyabe.260  

Declines were found in males only in Auckland,314 and Perth,317 with declines 

in females in Tartu 2,321 and large increases in males only in Frederiksberg.318  

However, the pooled overall percentage change was -7.0% (95% CI -3.5% to 

10.6%).  Significant heterogeneity in the overall percentage change was found 

between the studies (p-value for heterogeneity <0.0001).  Therefore, the 

random effects model was used to pool the results, giving a non-significant 

overall absolute change across these studies, -4.9% (95% CI, -16.6% to 

6.8%). 

Annual Percentage Change 

Annual percentage change in incidence is a better measure of change as it 

takes into account information from all periods/registers used in the study and 

over how many years the data were collected (Table 3.3, Figure 3.1).  There 

is still much heterogeneity between the results of the studies (p-value for 

heterogeneity <0.0001), with many of the confidence intervals crossing zero 

indicating a non-significant annual change in rates.  A large decline in annual 

percentage change in Perth was still evident,317 as well as a significant annual 

decline in Oxford,38 and Tartu 2.321  There was also a trend towards 

increasing annual change in Frederiksberg,318 and Tartu 1.319    Significant 

heterogeneity in the annual percentage change estimates was found between 

the studies, so the random effects method was used to calculate the pooled 

estimate of annual change.  A non-significant decline, -0.6% (95% CI, -2.0% 

to 0.7%), in the annual change in the incidence of stroke was found across 

the studies. 
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Figure 3.1  Forrest plot of annual percentage change in incidence of stroke, 

from ideal stroke incidence studies. 

 

The trends across stroke subtypes were variable, with declines in all subtypes 

in two studies,38, 317 and increases in Valle d’Aosta.315  Declines in 

undetermined (UND) stroke subtypes were found due to the increased use of 

CT imaging over the years, leading to better classification of stroke 

subtypes.315, 317  Two separate publications from Tartu, Estonia were 

published using different time points.  In the first study, there was an increase 

in the annual change between 1970 and 1993319 and in the second study 

there was a significant decline from 1993 to 2001.321  After combining the 

results from these two studies a significant decline in the annual change in 

incidence from 1970 to 2001, -0.7 (95% CI -1.3 to -0.1) was found.   
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A number of sensitivity analyses were conducted to control for the 

heterogeneity in the results.  Firstly, the outlying Perth study (with the largest 

annual decline in rates as compared to other studies) was removed, this 

moved the pooled random effects estimate towards the null (-0.2% [95% CI -

1.1% to 0.7%]).  The studies were grouped by similar time periods: 1970-

1990268, 314, 316, 318, 319 and 1990-2000.315, 317, 321  Significant heterogeneity in 

the estimate between the studies was still evident using these sub-groupings, 

so the random effects model was used to pool the results.  A non-significant 

increase in the annual change was found between 1970 and 1990, 0.5% 

(95% CI -0.1% to 1.2%), which was influenced by the large increases in 

Frederiksberg318 and Tartu 1.319  A non-significant decline was found between 

1990 and 2000, -1.9% (95% CI -4.2% to 0.3%).  Finally, the studies were 

grouped by region, Australasia,314, 317 Western Europe,38, 268, 315, 318 and 

Eastern Europe.316, 319, 321  Using the random effects model, a non-significant 

annual decline was found in Australasia, -2.2% (95% CI -6.0% to 1.6%) as 

well as Eastern Europe, -0.5% (95% CI -2.1% to 1.2%).  No change was 

found in Western Europe, 0.01% (95% CI -1.4% to 1.4%).   

3.3.5.3. Limitations of review 

There were a number of problems in the comparability of the data in this 

review.  Firstly, published data only were used in the analyses and rates were 

standardised using different methods and standard populations across the 

studies.  However, the calculation of annual percentage change in rates 

controls for differences in standardisation by using standard methodology.  

Secondly, the studies spanned three decades (1970 to 2004) and previous 

literature suggested that only studies covering similar periods should be 

combined.27  The heterogeneity between the studies could not be explained 

by geographical or periodical differences.  However, the large annual decline 

in incidence found in the Perth study influenced the decline in the pooled 

estimate considerably.  Thirdly, all studies, except Auckland, had small base 

populations with less than 250 patients of stroke occurring per annum, leading 

to less precise estimates of stroke with wide confidence intervals.27  Lastly, 

less than half of the studies used more than two time points to investigate 

trends.38, 260, 268, 316, 320  It is important that trends are investigated over more 



 

 77

than two time points, as this provides more reliable estimates of trends over 

time.  

3.3.5.4. Summary 

The 11 studies included in the systematic review were of high quality as they 

all fulfilled the stringent criteria for an ideal stroke incidence study.  This 

review showed that there was a non-significant decline in the annual 

incidence of stroke from 1970 to 2004 across studies covering Europe and 

Australasia.  The results also reflect the geographical differences in the rates 

of stroke found in other studies,37 with no change or increases in rates in 

Eastern European populations268, 316, 318, 319 and the largest declines found in 

affluent white populations.38, 317  This review suggests that even when 

registers are population-based and otherwise of high quality, fulfilling most of 

the criteria for an ideal stroke incidence study, care is still needed in 

comparing the results.   

3.3.6. Summary 

There is much variation in trends in the incidence of stroke, which may be due 

to variation in the study methodologies or true geographical differences in the 

rates of stroke.  In general, trends in the incidence of stroke declined up to the 

1970s then began to stabilise, with declines occurring again in the late 1990s.  

The results of hospital-based and cohort studies are consistent (in the same 

direction or fall within the limits of the confidence intervals) with the findings in 

the review of trends in ideal studies, where non-significant declines or 

increases were found in rates between the 1970s and 1990s and larger 

declines occurring after the 1990s. 

Although, consistent ethnic disparities in the rates of incident stroke have 

been shown in a number of developing countries, exploration of ethnic 

disparities in trends in the rate of stroke are limited to data from the US.  

Disparities in trends in the rates of stroke have not yet been explored within 

the setting of an ideal stroke incidence study.  More studies over similar 

periods, from large, ethnically disparate, populations are needed to provide 
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more reliable estimates of the trends in stroke incidence over time and how 

these trends vary by population groups. 

3.4. Trends in Survival from Stroke 

Investigating trends in survival after stroke is useful as it is the most 

fundamental measure of stroke outcome.  The majority of deaths that occur 

within one week after stroke are a direct consequence of the stroke, with case 

fatality after the first week indicating more secondary complications or co-

morbidity.  There is conflicting data regarding trends in short- and long-term 

survival, leading to uncertainty regarding the impact of improved stroke care 

and declines in stroke severity in populations.  This section provides a review 

of studies that have investigated temporal trends in survival within the first 

month after stroke, with a pooled analysis of short-term case fatality in ideal 

studies.  Also reviewed are studies that have investigated trends in long-term 

survival, up to ten years post-stroke.  

3.4.1. Short-term survival 

Many studies have shown significant declines in short-term case fatality 

(death within one month after stroke) from the US258, 326-328 and Europe.310, 329-

332  In the MONICA project, the annual change in case fatality between 1985 

and 1990 declined by -0.08 in males (ranging from -3.9 to 2.5) and -1.01 in 

females (ranging from -4.3 to 1.6).37  Similar results were found over ten 

years, between 1982 and 1995.311  Increasing trends in case fatality, 

particularly in Russian populations reflect increases in stroke mortality.311  A 

number of other European studies have shown little or no change in short-

term case fatality over time.333-336  

It has been hypothesized that improvements in short-term survival may be 

different for ischaemic or haemorrhagic strokes, with a number of studies 

reporting larger improvements in survival over time among haemorrhagic 

strokes, indicating that declines in short-term case fatality were greater among 

more severe strokes.11, 258, 297, 329, 337-339  However, this may be a reflection of 

increased hospitalisation of stroke and more mild patients of ICH being 

identified due to increases in neuroimaging.258  Greater improvements in 
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survival among African Americans may be related to improvements in survival 

from ICH.338 

Among 30-day survivors of first-ever stroke, about half survive five years and 

of those survivors, one third remain disabled, and 1 in 7 live in permanent 

institutional care.174  It has been hypothesised that if survival is improving over 

time, then the prevalence of stroke will increase, as more people are living 

with the effects of stroke which in turn will lead to more patients who are 

disabled or dependent after their stroke.20  However, recently it has been 

shown that there was no change in the number of stroke patients admitted to 

rehabilitation and disability scores on admission and discharge decreased 

over time.340  Three independent studies found no change in disability or 

functional outcome upon discharge from hospital or rehabilitation after 

stroke.334, 341, 342  It was also found in the National Health and Nutrition 

Examination Surveys (NHANES) that although the prevalence of non-

institutionalised stroke survivors increased over time, there was no change in 

the average "health in general" among stroke survivors.343  However, 

increases in the number of patients with a history of stroke will lead to 

increases in the proportion of people at risk of, and suffering from, post-stroke 

dementia.328 

Trends in Case Fatality in Ideal Studies 

Table 3.3 and Figure 3.2 show that 9 of the 11 studies in the systematic 

review of trends in ideal studies presented information on changes in one 

month, 28 or 30 day, case fatality.  Five studies found significant declines in 

one month case fatality,268, 314, 315, 319, 321 and four found no change in case 

fatality over time.38, 260, 316, 317  The largest declines were found in females.260, 

314, 321  Of the studies that found large declines in one month case fatality, 

most had high initial case fatality (over 30%) and studies that found no 

change in case fatality had lower ratios of around 20% across all time periods, 

with the exception of Novosibirsk where rates were consistently around 

30%.316  The random effects model was used to pool the results due to 

significant heterogeneity between the studies, producing a significant decline 

in annual case fatality, from 1970 to 2004, -1.7% (95% CI -2.9 to -0.6).  Most 
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of the results of trends in short-term case fatality, from other studies, fall within 

these confidence limits. 

 

 

Figure 3.2  Forrest plot of the annual percentage change of 28 day case 

fatality, in ideal stroke incidence studies. 

 

3.4.2. Long-term survival 

Long-term survival after stroke has been shown to have improved over time in 

a number of studies, 1 year survival11, 268, 296, 332, 335 and 2-5 year survival.268, 

297, 326, 332, 335, 344  Median survival times have been shown to increase four- to 

five-fold over the 1970s and 1980s.345  There were only two ideal stroke 

incidence studies that investigated trends in long-term survival after stroke.  

Significant improvements in long-term survival up to 10 years after stroke 
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were found in Soderhamn, Sweden,268, 323 whereas, no change in survival up 

to five-years post-stroke in Perth, Australia was found.346   

Improvements in long-term survival are typically influenced by improvements 

in short-term survival.326, 332, 344  However in two recent studies, no change in 

short-term survival was found with a significant improvement in long-term 

survival, which was attributed to improvements in long-term care of the 

elderly.268, 335 

There is variation in the methods used to examine trends in short- and long-

term survival.  If modelling of survival over time was conducted, typically 

logistic regression was used, comparing the odds of death in one period to the 

next.268, 326, 332, 344, 347  Only a few studies used the more rigorous Cox 

proportional hazards survival analysis, taking into account time to death and 

the censoring of patients (patients lost to follow up).258, 335, 338, 345, 348 

3.4.3. Summary 

Significant improvements in survival (declines in case fatality) were found in 

many studies across the US and Europe.  Significant declines in annual one-

month case fatality were also found when the results from nine ideal stroke 

incidence studies were pooled.  There are a number of explanations for these 

improvements in survival, with associations with improvements in the care 

and management of stroke patients, changes in the severity of the disease 

and improvements in case ascertainment leading to the registration of milder 

patients of stroke. 

3.5. Explanations for Trends in Rates 

Trends in mortality, incidence and survival are all inter-related, so 

explanations for these trends are explored in this section, in order to 

investigate what is driving changes in the burden of stroke over time.  There 

have been a number of explanations given for the declining trend in mortality 

over time, these being associated with trends in the incidence of stroke and 

changes in survival over time.  However, most studies have only been able to 

investigate relationships with trends in risk factors and treatments with trends 
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in the rate of disease.  It is important to find out whether the decline in 

mortality has resulted in an increase in stroke morbidity, due to improvements 

in survival rather than a reduction in the patients of stroke.20   

It is difficult to untangle the puzzle of trends in the rates of stroke over time, as 

explanations for trends in mortality are reliant on trends in incidence and 

survival.  Therefore, the first section will explore explanations for trends in 

mortality, with reference to trends in incidence, through improvements in 

primary prevention of stroke and trends in survival, through improved care 

and management of patients.  The next section explores reasons for trends in 

incidence in more depth and the final section examines explanations for 

trends in survival. 

3.5.1. Explanations for Trends in Stroke Mortality 

A number of hypotheses have been given to explain the decline in mortality 

over time and why this decline has subsequently dropped off in the past 

decade.  The decline in stroke mortality, likely reflects both declines in stroke 

attack rates, through preventing new strokes, and improved survival after 

stroke, through developments in hospital care and management.   

Declining incidence of stroke may explain the declines in stroke mortality 

through primary prevention strategies and the effective management of 

vascular risk factors.  A number of population-based studies have reported 

that declines in stroke mortality rates were due to reductions in the incidence 

of stroke rather than improvements in survival.38, 258, 303, 317, 349, 350  Continuing 

disparities in stroke mortality among ethnic groups are more likely to reflect 

changes in incidence, rather than survival.16, 41  

One main explanation for the decline in incidence has been that declines in 

the rate of stroke have paralleled improvements in the treatment of 

hypertension.  There has been much research investigating the effects of anti-

hypertensive treatment on declines in stroke mortality.  However, most of this 

has only investigated the association of stroke mortality trends and trends in 

the use of anti-hypertensive medication in the community, so cause and effect 

relationships could not be established.351-354  It has been estimated that the 
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treatment of hypertension accounts for only 10% of the decline in mortality 

from stroke.351, 355  However, trends in the detection and control of 

hypertension have been shown to mirror those in stroke mortality.  Rapid 

declines in stroke mortality occurring after 1970, may be associated with the 

increased treatment of hypertension,352, 353, 356 and the off of levelling of blood 

pressure control in the 1980s, was followed by a marked increase in stroke 

mortality from 1995.357  However, this does not explain the decline in stroke 

mortality that occurred before the 1970s, and the increased treatment of 

hypertension.353, 358, 359  

Declines in stroke mortality have also been shown to parallel population-wide 

reductions in blood pressure and cholesterol levels.360  A population-wide 

program aimed at reducing cardiovascular risk factors was introduced in 

Finland in the 1970s, producing a reduction in stroke mortality.360  Using this 

data it has been argued that two thirds of the decline in stroke mortality in 

Finland can be explained by changes in diastolic blood pressure, total serum 

cholesterol and smoking, with about half of the decline explained by falls in 

blood pressure alone.361   

Changes in stroke mortality over time may also be influenced by changes in 

the natural history of the disease or changes in diagnostic coding.  It has been 

shown that mortality rates declined at a steeper rate in haemorrhagic strokes 

compared to ischaemic strokes.233, 258, 284, 289, 356  This may be due to less 

haemorrhagic strokes occurring through the treatment of hypertension,353 or 

due to changes in diagnostic coding and improvements in neuroimaging.258, 

290  It has been shown that the decrease in mortality from haemorrhagic stroke 

occurred after the introduction of CT scanning, which may have led to the 

identification of smaller (less severe) haemorrhages which would have been 

previously classified as ischaemic strokes.258, 337   

Another potential explanation for the decline in mortality is corresponding 

declines in case fatality or improvements in survival over time.238, 292, 310, 311, 328  

Recently, it has been argued that over two thirds of the change in stroke 

mortality can be attributed to changes in case fatality.311  If stroke mortality 

increased, it was found that this was almost entirely due to increases in case 
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fatality.311  Other studies have also found direct relationships between 

declines in stroke mortality and declines in case fatality.238, 326, 331, 362 

3.5.2. Explanations for Trends in Stroke Incidence 

A number of explanations have been provided for the decline in the incidence 

of stroke and the levelling off of trends seen in the 1980s and 1990s.  The 

main explanation is through changes in risk factors, and risk factor 

management over time.  Associations have been made with changes in 

lifestyle factors, due to improvements in the treatment and control of 

hypertension and other risk cardiovascular risk factors.  However, this has 

been shown to explain only small amounts of the variation seen in the trends 

of stroke rates over time. 

As hypertension is the most important modifiable risk factor for stroke, many 

arguments have been made linking the treatment of hypertension to trends in 

the incidence of stroke.  The appropriate treatment of hypertension has been 

shown to reduce the risk of first-ever stroke by at least 30%.140, 363  Therefore, 

it is likely that improvements in the treatment of hypertension have led to 

declines in the rates of first-ever stroke.349, 364  Recently, it has been shown 

that up to 40% of the variation in trends in stroke event rates, can be 

explained by changes in systolic blood pressure.365  As with trends in stroke 

mortality, trends in stroke event rates, mirrored the trends in the treatment of 

hypertension, with a levelling off of the detection and control of hypertension 

in the 1990s.94, 258, 349, 357, 366  However, the rate and pattern of the decline in 

ischaemic stroke incidence rates in hypertensive and non-hypertensive 

individuals were similar, showing no demonstrable population effect of anti-

hypertensive medication.367  Ischaemic stroke incidence in AF patients 

decreased significantly from 1980 to 2000, during which time a substantial 

increase in the use of antithrombotic therapy and reduction of systolic blood 

pressure was evident.368 

The MONICA project has provided a unique opportunity to investigate the 

extent to which trends in stroke event rates can be attributed to changes in 

classic risk factors.  It was found that combining trends in systolic blood 
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pressure, daily cigarette smoking, serum cholesterol, and body mass index 

into a risk score, only part of the variation in trends in stroke event rates could 

be explained.365, 369  The decrease in the prevalence of hypertension and 

smoking accounted for about 29% of the decline in event rates.370  Similar 

relationships were found between trends in smoking, blood pressure and 

cholesterol levels and BMI with trends in coronary heart disease in the 

MONICA project.371 

Declines in common cardiovascular risk factors, such as smoking, cholesterol 

levels and hypertension have also been shown in a number of other 

populations.369, 372-374  However, increases in the prevalence of obesity and 

diabetes may attenuate the influence of these declining risk factors on trends 

in stroke event rates, leading to stabilising incidence rates.375-377  Coronary 

heart disease (CHD) is an important risk factor for stroke.101  It has been 

shown that trends in CHD mortality are continuing to decline, even in the light 

of stabilising trends in stroke.372  The incidence of CHD has been shown to 

have increased in Japan.378  Therefore, if more people are living after CHD, 

then more people are at higher risk of having a stroke.367  As both stroke and 

CHD share key risk factors, such as high blood pressure, tobacco use, and 

BMI, primary prevention of stroke is important in patients with a history of 

heart disease.102 

3.5.3. Explanations for Trends in Stroke Survival 

There are three possible explanations for improvements in survival after 

stroke, over time.  The first correlates improvements in survival with improved 

medical care or treatment, leading to earlier and more appropriate 

management of patients with stroke.  This is related to improvements in 

diagnostic testing through the increased availability and use of neuroimaging 

and increases in the rates of hospital admission for stroke.  Specialised stroke 

teams and stroke units have been shown to significantly improve long-term 

survival after stroke.203, 204  The increased use of aspirin in patients of 

ischaemic stroke to prevent early recurrent strokes and decreased use of 

aspirin and heparin in haemorrhagic strokes introduced in the 1990s, was 

mainly due to the results of large clinical trials146, 379 and the introduction of 
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neuroimaging.258  Also blood pressure lowering drugs help to prevent 

recurrent stroke, hence reducing the risk of death or major vascular event 

after stroke.146, 217, 219  

The second explanation, relates improvements in survival after stroke with 

decreased severity of stroke over time.  This could be reflected through 

changes in the natural history of the disease, where stroke is becoming less 

severe due to changes in population-wide risk factor levels.360, 365  It has been 

argued that changes in the severity of stroke are a significant contributor to 

changes in case fatality,345, 347 with up to 80% of the decline in case fatality in 

a US study explained by declines in the severity of stroke.327  Many studies 

that found significant improvements in survival over time also found greater 

improvements in less severe patients of stroke.326, 329  In early years, modest 

improvements in survival up to 5 days after ischaemic stroke were found with 

large improvements in patients with ICH.337  The large improvement in 

survival following ICH may have been influenced by the introduction of CT 

scanning and the identification of smaller, less severe, haemorrhages.258  

However, in a more recent study declines in case fatality following stroke were 

restricted to 28 days to one year, reflecting improvements in secondary care 

rather than declines in the severity of stroke.332   

The third and final explanation refers to increased registration of milder 

strokes due to improvements in case ascertainment or improvements in the 

diagnosis of stroke through neuroimaging techniques.  In Allengheny County, 

the advent of CT scanning was accompanied by a twofold increase in 

survival.327  A marked improvement in survival following ICH is due to the 

introduction of CT scanning, identifying smaller and less severe 

haemorrhages.258, 337  However, improvements in survival up to 10 years post 

stroke, were found in a series of ideal studies, which provides the most 

reliable data over time through consistent case finding and diagnostic 

techniques.268 
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3.5.4. Summary 

There is conflicting data as to the explanations for trends in mortality rates 

over time, with some studies finding large improvements in incidence and no 

change in survival and other studies attributing declines in mortality to large 

improvements in survival.  Improvements in anti-hypertensive therapy only 

play a limited role in explaining declines in stroke mortality through declines in 

the incidence of stroke.  However, as hypertension is still the most important 

modifiable risk factor for stroke, efforts still need to be made ensure that 

hypertension is prevented in adults or controlled well with medications.  There 

has been limited data from ideal stroke incidence studies investigating 

explanations for trends in the rates of stroke over time. 

3.6. The Future Burden of Stroke  

It is important to estimate the future burden of stroke within population 

demographic groups as the rates of stroke and rates of population growth 

within these groups differ, and prioritised healthcare planning and prevention 

efforts are needed for groups suffering the highest burden of the disease.  

The future burden of stroke can be estimated by identifying current trends in 

the rate of stroke and explanations for these trends through changes in 

population demographics, hospital management and care of stroke patients.  

Another way to estimate the future burden of stroke is to apply the current 

rates of stroke to the future population, controlling for assumed changes in the 

demographic structure of the population. 

It is expected that the future burden of stroke is going to grow with the ageing 

of populations around the world,2 even if declines in stroke mortality continue.  

With the majority of stroke deaths worldwide occurring in developing 

countries, the number of deaths from stroke is projected to increase by 12% in 

2015, if no action is taken to reduce the risk of having a stroke in the 

developing world.1  However, in the US it was predicted that the number of 

stroke deaths will increase by 98% from the year 2002 to 2032, with the 

largest increases in minority groups.22  The US population is projected to 
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increase by only 27% over the same time period, so increases in stroke 

deaths will outpace the overall population growth.   

The absolute numbers of incident stroke patients were projected to decline for 

the period 1985 to 2005, in the Netherlands.20  This model assumed an 

annual decline of 2% in stroke incidence rates, based on trends from the 

Rochester study, 1950 to 1979.20, 295  However, the study ignored the more 

recent increase in the incidence rates found in Rochester after 1980, thereby 

using old trend data on a more recent population.  In contrast, a more recent 

study conducted on the same population, assumed no change in the 

incidence rate of stroke and found a dramatic increase in the number of new 

stroke patients.21  Changes in the size and composition of the population, 

alone, resulted in an increase of stroke incidence of 28% for men and 12% for 

women, from 2000 to 2020.21  Changes in hypertension and smoking 

prevalence were also modelled in the projected stroke burden, however, 

these changes only increased the burden of stroke by 4%.21  

The prevalence of stroke has also increased over many years in the US.243, 

342, 343  Age, race and sex adjusted prevalence of stroke among the US 

population increased by 30% between 1973 and 1991.343  Similar findings 

have been found in Denmark, where even though the rates of stroke have 

been declining, the occurrence of stroke in the population remains stable due 

to increases in the elderly population over time.308  It is expected that the 

prevalence rates for stroke will decline in the younger age groups but increase 

amongst the older age groups due to the ageing of the population and 

improvements in survival after stroke.20, 21  This increase in prevalence will be 

associated with an increase of >30% in the potential years of life lost due to 

stroke.21 

Increases in the number of people having a stroke will result in an increased 

burden on acute healthcare.380  Improvements in survival will result in the 

increasing burden of care of long-term disabled survivors of stroke.  However 

the number of newly dependent stroke patients, disabled as a result of their 

stroke, is not expected to increase over time, as patients disabled before their 

stroke are more likely to die as a results of their stroke.380, 381 
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The absolute numbers of people having a stroke worldwide are expected to 

grow, even if the rate of stroke continues to decline.32, 382  A large proportion 

of this burden of care for stroke is borne by health services outside the 

hospital sector and by families of affected patients.  This out of hospital 

burden is increasing as the length of acute stay in hospital is declining, with 

the increased use of early supported discharge care after stroke.211, 222   

3.7. Summary 

There is variability in the methods used to survey stroke over time.  Mortality 

data are useful for estimating the burden of stroke death in populations 

worldwide as it is routinely collected in many countries.  However, mortality 

data only include death from stroke, thereby, excluding two thirds of the stroke 

burden.  Hospital-based studies provide estimates of the acute burden of 

stroke within a region, however, many do not include fatal and non-fatal non-

hospitalised patients of stroke.  Many other population-based studies are 

limited to restricted populations or ages, such as the MONICA project.  The 

gold standard is an ideal stroke incidence study, which uses a prospective 

population-based study design, collecting all fatal and non-fatal strokes 

occurring in a defined region.  Ideal studies provide the most reliable 

estimates of stroke that are comparable across populations, as standard 

methodologies and definitions are used.  However, these studies are resource 

intensive and expensive to conduct and are traditionally confined to 

developed countries.  

Due to the variability in study design and methodology, there is variation in 

trends for stroke incidence and outcome.  However, much of the data on 

trends in incidence and case fatality are in the same direction of, or fall within 

the limits of the confidence intervals found in the review of trends in ideal 

studies.  Trends in stroke mortality and incidence rates followed a similar 

pattern in many countries, with declines up to the 1970s, stabilisation in the 

1980s, and the beginning of decline occurring in the late 1990s.  This 

indicates that trends in stroke mortality are related, in part, to trends in 

incidence.  However, other studies have found stable trends in incidence with 

large declines in case fatality (improvements in survival).  Therefore, 
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improvements in survival have been strongly associated with trends in 

mortality.  There has been limited data from ideal stroke incidence studies 

investigating explanations for trends in the rates of stroke over time. 

It is important to explore current trends in the rate of stroke in order to be able 

to estimate the future burden in the community.  Exploring explanations for 

these trends, through changes in population demographics, hospital 

management and care of stroke patients, will enable the identification of 

successful treatment and prevention strategies, and highlight high-risk groups.  

Trends in the rate of stroke need to be determined within population 

demographic groups, as the rates of stroke and rates of population growth 

within these groups tend to differ.  This will enable prioritised healthcare 

planning for groups suffering the highest burden of the disease.   

More studies over similar periods, from large populations are needed to 

provide more reliable estimates of the trends in stroke incidence and survival 

over time.  There is a need for ethnic disparities in trends to be investigated in 

large well-defined studies, to enable comparisons and inferences about 

disparities occurring in other populations. 
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4.   METHODS 

Three large population-based prospective stroke incidence studies have been 

conducted in the Auckland region during 1981-198245 and 1991-199213, 26, 

with a more recent study conducted in 2002-2003.  For the purposes of this 

document these will be called the Auckland Regional Community Stroke 

(ARCOS) studies.  Similar protocols, definitions and methods for case-

ascertainment were used across the three studies to enable comparability of 

the data and to meet the stringent criteria for an ideal stroke incidence study 

as described earlier in Chapter 3.  The ARCOS studies used hot and cold 

pursuit case finding methods within the main hospitals in the region, as well 

as in the community, to identify cases of stroke in the “usually resident” 

population, aged 15 years or older, of Auckland, New Zealand.  Sampling 

procedures were used in the two earlier studies due to limited resources, with 

the third study aiming to identify all people who had a stroke in the Auckland 

region.  

This is the first time three population-based ideal stroke incidence studies 

have been used to investigate trends in the incidence and demographics of a 

stroke in a large multi-ethnic population.  Therefore, this work provides a 

unique look into trends in stroke at a population wide level.  The first section 

describes the study population of the Auckland region and how it has changed 

over the past 20 years.  The second section provides a detailed description of 

the similarities and differences in case finding methods used across the three 

studies.  The third section describes the consistent definitions and variables 

used across the three studies.  The final section provides a detailed 

description of the statistical methods used to evaluate trends in 

demographics, trends and survival across the three studies. 
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4.1. Study Aims 

The aim of this thesis was to compare data from the third ARCOS study 

conducted during 2002-2003, with that from the two previous ARCOS studies 

(1981-1982 and 1991-1992), to:  

1. investigate trends in stroke incidence and event rates; 

2. identify ethnic disparities in trends in stroke incidence and event 

rates; 

3. investigate trends in outcome after stroke;  

4. investigate explanations for trends and disparities through 

associations with trends in patient demographics, vascular risk 

factors, hospital management, and stroke care in the community; 

5. estimate the future burden of stroke in New Zealand. 

4.2. The Auckland population 

Auckland is the largest city in New Zealand and includes both urban and 

semi-rural areas.  The target population of the metropolitan region of 

Auckland had a usually resident population (all people who had lived in the 

Auckland region for the past year or intending to live there permanently), of 

approximately 940,000, aged 15 years and over, in 2002.  The geographical 

region of Auckland is based on the statistical census boundaries and extends 

from Mercer and the Waikato River in the south, to Mangawhai Heads, north 

of Wellsford to Oruawharo Heads, including Waiheke and other islands in the 

Hauraki Gulf (see Figure 4.1).  Auckland is the largest Polynesian city in the 

world with a diverse ethnic mix of Pacific and Asian ethnic groups providing a 

unique opportunity to investigate disparities in the trends in stroke incidence 

and outcome among Māori, Pacific and Asian peoples.   
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Figure 4.1  Map of the study population, the greater Auckland region. 

 

4.2.1. Changes in the Population 

In line with the ageing of the world’s population, the number of New 

Zealanders aged 65 years and older continues to grow over the years, with an 

increase of 17% between 1993 and 2003.383  It was the older people within 

this group who recorded the most significant growth rate.  The number of 

people aged 65 to 74 years rose by 6%, while those aged 75 to 84 years and 

85 years and over, increased by 29% and 53%, respectively.  Females also 

significantly outnumbered males in these older age groups.  Improvements in 

mortality, which resulted in increased life expectancy, have been an important 

element in this growth.383  

In 2001, the Auckland population made up 31% of the New Zealand 

population.  This is projected to increase to 37% by 2021 due to increasing 

immigration to the Auckland region from external countries as well as within 

New Zealand.384  Over the past 20 years, from 1981 to 2001, the Auckland 

population also aged.  The number of people in older age groups increased 

by 76% in the 75 years and over age group, and by 120% in the 85 years or 

older age group.  Figure 4.2 shows the changes in the age and sex structure 



 

 94

of the Auckland population across the 1981, 1991, and 2001 censuses.385-387  

The largest increases occurred in the proportion of people aged 35 years to 

65 years, which may be due to increasing immigration from younger Asian 

populations.  The greatest increase in older populations occurred in Māori and 

Pacific groups, as these populations are ageing at a greater rate than New 

Zealand European (NZ/European).388 

The ethnic diversity within the Auckland population has also grown, over the 

past 20 years, due to increasing immigration from and the ageing of Pacific 

and Asian populations.388  Table 4.1 shows the change in ethnic share of the 

Auckland population aged 15 years or older, taken from the 1981, 1991 and 

2001 censuses, for NZ/European, Māori, Pacific and Asian & Other 

populations.385-387  The proportion of the population identifying as “Pacific” 

doubled over the 20 years from 1981 to 2001 and the Asian & Other ethnic 

population increased 10-fold over the 20 years.  The decline in the proportion 

of NZ/European reflected the slower growth rate of this population when 

compared to Pacific and Asian populations.389 
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Figure 4.2  Age structure of the Auckland population from the 1981, 1991 and 

2001 censuses.385-387 

 
 
 

Table 4.1  Ethnic share of the Auckland population aged 15 years or older, 

from the 1981, 1991 and 2001 census. 

 Auckland Census (%) 
Ethnic group 1981 1991 2001

NZ/European 83.4 76.2 66.4

Māori 9.0 9.1 9.0

Pacific 5.8 9.3 10.6

Asian & Other 1.8 5.4 14.0
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4.3. The Auckland Regional Community Stroke 

(ARCOS) Studies 

The three ARCOS studies used similar methodologies and definitions to allow 

for comparability between the studies.  There were, however, some 

differences in methodological issues and case finding methods, which were 

typically due to limited resources and funding in the two earlier studies, 

changes in the record keeping in the hospitals and changes in the Privacy Act 

in New Zealand.390  This section describes the common inclusion criteria and 

case ascertainment that were used across the three studies, then describes in 

detail the unique methodology used in each study.  More specific details of 

the case ascertainment used in the 2002-2003 study are provided, as the 

candidate was involved in the design, development and conduct of the study. 

4.3.1. Inclusion Criteria 

• Patients must have had a stroke according to standard definitions. 

• Stroke episode must have occurred between 1 March 1981 and 28 

February 1982, 1 March 1991 and 29 February 1992, or 1 March 

2002 and 28 February 2003. 

• Patients must have been usually resident in the Auckland Statistical 

Area at the time of the stroke. 

• Patients must have been aged 15 years or older. 

4.3.2. Case Ascertainment 

The ascertainment of cases used in the three ARCOS studies employed 

multiple-overlapping sources of notification, using both hot and cold pursuit 

methods.  Hot pursuit screening involved prospectively collecting cases as 

soon after the onset of stroke symptoms as possible in the hospital setting, as 

well as in the community, by having general practitioners and other specialists 

inform the study investigators of any new cases.  Cold pursuit screening 

involved checking all death certificates and electronic hospital discharge lists 

(when available).   
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New Zealand has a two-tiered health system with parallel public and private 

health care, with approximately 30% of the population paying for extra private 

health cover.  The Auckland region has been consistently served by five 

public hospitals (Auckland, Middlemore, Greenlane, North Shore and 

Waitakere hospitals) and a number of private hospitals over the past 20 years.   

Screening for cases within the hospital setting involved checking admission 

and discharge lists for a range of diagnostic codes for stroke, as well as 

similar symptoms to stroke (vertigo, dizziness, confusion, seizures, 

headaches and transient ischaemic attacks).  To ensure ascertainment of the 

large proportion of patients with stroke who are not admitted to hospital, good 

liaison and collaboration with GPs, residential care facilities (rest homes and 

private hospitals) and all other community services (speech therapists, social 

workers and district nurses) in Auckland was essential.  All GPs, rest homes 

and community service workers included in the studies were informed of the 

study and contacted regularly to ensure timely screening and follow up of all 

stroke patients as early as possible.  All death certificates in Auckland were 

checked regularly for strokes and hospital pathologists’ and coroner’s offices 

were also asked to refer any potential cases.  As an extra check for 

completeness of case ascertainment medical records officers of all public 

hospitals in New Zealand were asked to identify any Auckland residents who 

had been admitted for suspected stroke to hospitals outside the Auckland 

region.  Table 4.2 shows the list of sources of notification used in each study. 
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Table 4.2  Sources of notification for the three ARCOS studies. 

 1981-1982 1991-1992 2002-2003 

Public Hospital 
Hospital admission lists, 
hospital discharges, Resus 
at Hospital Accident & 
Emergency depts 

Hospital admission lists, hospital 
ward lists, hospital discharges 
(NZHIS). Neuro-radiology lists 

Hospital admission lists, hospital 
discharges (NZHIS), outpatient 
clinics. Neuro-radiology lists 

GP 50% sample of GPs 25% sample of GPs All GPs contacted 

Other Community

Extra mural hospitals 
(speech therapists, social 
workers, district nurses), 
Private hospitals and rest 
homes, St John Ambulance 
service, Stroke Clubs (SF) 

Other community services 
(speech therapists, social 
workers, physio’s, district nurses), 
private hospitals and rest homes, 
SF 

Extra mural hospitals (speech 
therapists, social workers, 
physio’s, rehab plus, district 
nurses), private hospitals and rest 
homes, SF, other NZHIS 
notifications (not hospital). 

Death certificates 

Coroners 

Death certificates (hand 
searched) and post-
mortem/coroner’s reports 

Death certificates (hand 
searched) and post-
mortem/coroner’s reports 

Death certificates (NZHIS) and 
post-mortem/coroner’s reports 

NZHIS = New Zealand health Information Service, SF = Stroke Foundation, GP = General Practitioner 
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All provisional patients were screened and reviewed by trained study nurses, 

and once it was established that the patient met the clinical criteria for stroke, 

residential criteria, age and GP sampling criteria (in the first two studies), an 

interview was set up with the patient, or a suitable proxy informant if the 

patient was unconscious or cognitively impaired.  This interview was 

completed on pre-coded interview forms as soon after the event as possible 

and covered various medical and social aspects of the patient.  All patients 

registered through death certificates were verified by discussing the case with 

the certifying doctor or by checking the medical records of the patient.  

Patients, not known to the study investigators to have died, were followed up 

at regular intervals, over the past 21 years, to investigate survival and 

functional outcome after stroke. 

A cluster sampling method was used in the two earlier ARCOS studies to 

collect cases of stroke.  This method was developed by Fraser in 1978 and 

involves surveying a representative sample of all GPs in the Auckland region 

and estimating the proportion of the population enrolled with the selected 

doctors.391  It is dependent on the assumption that the majority of people in a 

population can identify a particular doctor as their usual GP.  The proportion 

of replies to a survey of the Auckland population was used to formulate an 

estimate of the proportion of the community used in the sample.  

4.3.2.1. ARCOS 1981-1982 

Originally called The Auckland Region Coronary or Stroke study, the 1981-

1982 ARCOS study was developed to provide baseline information on 

coronary and stroke events against which future changes in incidence or case 

fatality could be measured.45  The stroke register was undertaken to represent 

half the stroke events occurring in the Auckland region for the year ending 

March 1, 1982.  In this study, a random sample of 218 GPs was drawn (51% 

of all GPs in Auckland), using Fraser’s sampling methodology.391  Each 

selected practitioner was visited and invited to participate in the study, by 

referring all cases of coronary and stroke episodes, as well as any sudden 

deaths of patients in their practices.45  Only patients who identified with a 

practitioner registered in the study, were included.  Therefore, if the stroke 
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patient identified with a practitioner not included in the study sample, the 

patient was not interviewed. 

In 1981-1982, the Auckland region was served by three main acute hospitals 

(Auckland, Middlemore, and Greenlane) and two other hospitals specialising 

in geriatric care (North Shore and Waitakere hospitals).  All routinely available 

sources of notification such as hospital admissions and discharges were 

systematically searched daily by a research nurse.  All death certificates 

registered in the 17 births, deaths and marriages registration centres in 

Auckland were hand searched monthly, and details of all deceased patients 

who had evidence of a stroke were reviewed.  Additional case-finding 

methods included regular checking of community based services through an 

extra mural hospital (speech therapists, social workers and district nurses).  

The resuscitation books at the Accident and Emergency departments of the 

acute hospitals and St John Ambulance registers were also checked 

regularly, however these proved to be poor sources of case finding.46  

4.3.2.2. ARCOS 1991-1992 

In 1991, a second stroke register was developed to identify all new stroke 

cases in Auckland for the 12-month period ending March 1, 1992.  Typical 

case-finding methods were used to collect all hospitalised and fatal cases of 

stroke, and a cluster sample of 25% of the GPs in the Auckland region was 

used to obtain a sample of non-hospitalised non-fatal cases.26  A sample of 

171 general practitioners were selected, using Fraser’s method.391  They were 

informed about the study and asked to refer any patients who were suspected 

of having a stroke and were managed outside a public hospital.  A 24-hour 

telephone service was made available to selected GPs for notification about 

these patients and monthly telephone contact with the doctors was also 

made.  

The 1991-1992 study implemented more intensive case finding methods than 

the 1981-1982 study, where the New Zealand Health Information Service 

(NZHIS) provided the investigators with computerised discharge lists of all 

discharge diagnoses with any mention of stroke (ICD-9 codes 430-436; see 

Appendix 1) occurring in Auckland residents.  These were matched against 
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the patients already registered in the study and all discrepancies were 

reviewed by a study review team.  Daily searches of hospital admission lists 

and neuro-radiology lists were also made in the three acute hospitals, with 

weekly searches conducted in the two other hospitals.   

Checks for non-hospitalised, non-fatal patients were made though regular 

contact with GPs, residential care facilities, all community based 

physiotherapists and speech therapists, as well as the Auckland Stroke 

Foundation.  Patients, not already registered in the study, who were referred 

from these sources only, were only included if their nominated GP was one of 

the 25% sample. 

4.3.2.3. ARCOS 2002-2003 

The most recent ARCOS study aimed to collect all cases of stroke in the 

Auckland region, for the period from March 2002 to February 2003.  Daily 

systematic searches of presentations and admissions to the four general 

acute hospitals in Auckland (Auckland Public Hospital, North Shore Hospital, 

Waitakere Hospital and Middlemore Hospital) with any diagnoses suggestive 

of stroke were made.  Regular checks of medical and neurological wards, 

day-wards, and rehabilitation services, in all of the hospitals were also made.  

Hospital discharges (separations lists), outpatient clinics and radiology 

department investigation lists were reviewed by each hospital research nurse 

weekly.  Monthly visits were also made to the two large public specialised 

care hospitals (Green Lane and National Women’s Hospitals), and two large 

private acute-care hospitals (Mercy and Ascot Hospitals). 

Community Screening 

Presentations about stroke and the study were given at the Independent 

Practitioner Association (IPA) meetings around the Auckland region before 

the study started.  This provided the GPs with information kits about the study 

and to obtain details about their practices and preference for contact about 

the study.  Each general practice surgery in the Auckland region was 

contacted by email or fax monthly, to ascertain any potential stroke patients, 

and all cases provided by the practitioners were followed up and checked 
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against other sources.  All district nurses, physiotherapy specialists, speech 

therapy and occupational therapy services (including those in private hospitals 

and private physicians [neurologists, physiotherapists]) were also contacted 

monthly for referrals of patients with stroke as diagnosis.  Direct liaison with all 

aged care facilities (i.e. private hospitals and rest homes or hostels) in the 

Auckland region, was also undertaken, to identify people with acute stroke, 

who were permanent residents of such facilities but were not transferred for 

care in hospital because of frailty.  Monthly visits were made to the larger 

institutions with high dependency units.  The Stroke Foundation of New 

Zealand was contacted every month and a list of all patients was checked 

against the existing register for completeness of case ascertainment and new 

patients were followed up by a research nurse.  

New Zealand Health Information Service 

The NZHIS sent quarterly lists of any hospital admission or separation with 

any diagnosis (up to 100 diagnoses) of stroke or TIA (ICD10 codes: I60.0-

I60.9, I61.0-I61.9, I63.0-I63.9, I64, I67.0, I67.5-I67.9, I68.0-I68.8, I69.0-I69.8, 

G45.0-G45.9, G46.0-G46.8, Appendix 1) to the Clinical Trials Research Unit 

(CTRU).  This data was linked to the existing stroke register to ensure 

complete case ascertainment.  All patients who were not already included in 

the register were checked for stroke diagnoses through hospital databases 

and contacted by hospital staff for further information about their stroke.  

These patients were included in the study, if a true stroke diagnosis was 

found.  The NZHIS also provided details of eligible Auckland residents who 

suffered a stroke in any hospital or residential care facility outside of the 

Auckland region.  These patients were followed up by contacting the primary 

physician from the hospital where the patient had their stroke and questioning 

them about the event and obtaining notes to register the participant.  

Due to changes in the privacy laws, death certificates could no longer be hand 

searched, so the NZHIS also provided regular lists of all deaths of Auckland 

residents with any mention of cerebrovascular disease (stroke, 

cerebrovascular accident (CVA), cerebral infarction, intracranial/intracerebral 

haemorrhage, subarachnoid haemorrhage).  This information was checked 
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against the existing register and if there was suggestive evidence of a stroke, 

the patient was included in the register and the required record forms were 

completed retrospectively from medical records.  Coroners’ reports for the 

study area were also checked for any mention of cerebrovascular disease.  

Eligible patients were contacted by the nurse at the coroner’s office, who 

informed the relatives of the deceased stroke patient about the study and 

asked them if a study research nurse could contact them.  If the family agreed 

to participate in the study they were contacted by the study manager, if not 

they were entered into the study database as a “possible” case of stroke. 

4.4. Definitions 

This section describes the definitions for stroke and other variables that were 

consistent across the three studies.  Due to changes and improvements in 

case ascertainment and study design, the data that could be used in the 

current analyses were limited and only questions and information that were 

consistent across the three studies were used. 

Stroke was defined according to the WHO standard diagnostic criteria as “a 

sudden onset of focal or global neurological deficit lasting 24 hours or longer 

or leading to death, presumably of vascular origin”,248 including PICH and 

SAH.  Each stroke was further classified as “first-ever in a lifetime stroke” 

(first-ever, incident) or recurrent stroke.  Any stroke that developed within 28 

days after the onset of previous stroke was considered as progressing stroke 

illness and was not recorded as a new stroke.  Any stroke that developed 28 

days or more after the previous stroke were regarded as a recurrent stroke 

event.  In each of the three studies, every case of stroke was adjudicated by a 

group of study researchers, including at least one neurologist and geriatrician, 

using the case record forms and information from hospital investigations and 

management.  These strokes were adjudicated as a “definite”, “probable”, or 

“possible” stroke case, or not a stroke after all, and classified into stroke 

subtypes (where possible).  Only definite and probable strokes were included 

in the current analyses.  In the most recent study, 2002-2003, stroke was 

subdivided into pathological types (ischaemic, PICH, SAH) according to 

standard clinical and neuroimaging (CT/MRI/autopsy) findings.  Patients 
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without imaging or pathological autopsy confirmation of stroke type were 

classified as stroke of undetermined type.  All ischaemic strokes were 

classified into five aetiological subtypes based on the TOAST criteria; 

atherothrombotic (large artery disease), cardioembolic, lacunar (small artery 

disease), other determined and undetermined aetiology.53, 392   

The definition of usually resident in the Auckland region, was consistent with 

the census definition of the time of the study and included all people who had 

lived in the Auckland region for the past year, people who were intending to 

live permanently in the area, and Auckland residents who had a stroke while 

outside the Auckland region.  People who were in a rest home, hospital, 

prison or other institution, resided where they considered themselves to live.  

This definition excluded people who were visiting the study area before onset 

but stayed on after the stroke. 

4.4.1. Variables 

A number of variables were used to explore associations with trends in stroke 

over time and explanations for disparities between groups.  Although efforts 

were made to keep questions and information consistent across the three 

studies, this was difficult due to changes in case ascertainment methods, 

hospital management and varying aims within the three studies.  Therefore, 

only certain variables could be used in the analysis of trends and these were 

grouped into patient factors (socio-demographic and pre-morbid risk factors), 

disease factors (information about the stroke event), care and management 

factors (how the disease was managed) and outcome factors (death and 

disability from stroke). 

Patient Factors 

Patient factors include pre-stroke patient demographics and pre-morbid risk 

factors and disease.  Basic demographic information was collected as soon 

after the stroke as possible from the patient, or next of kin, or medical records 

if the former two were unavailable.  This included information on age (defined 

as age at the time of the stroke, calculated from date of stroke – date of birth), 

sex, residence at the time of stroke (defined as whether they lived in 
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institutional care or not), marital status (defined as whether a participant had 

ever been married or not, including people who were divorced or separated) 

and ethnicity.  Age was grouped into four categories, in most analyses: 15 to 

64 years, 65 to 74 years, 75 to 84 years and 85 years and older.  Ethnicity 

was self-defined according to categories from the corresponding census 

year’s question (see next section for detailed description).  For the current 

analyses these were grouped according to “NZ/European” (New Zealand 

Europeans, British, American, Australian, etc), “Māori” (indigenous New 

Zealanders), “Pacific peoples” (Tongan, Samoan, Nuiean, Cook Island Māori, 

etc), and “Asian & Other” (mainly Chinese and Indian with other ethnic groups 

such as Pakistani, Iraqi, etc).   

A measure of the stroke patients’ socioeconomic status (SES) was defined 

using the New Zealand Occupational status (NZSCO) and was coded into a 

measure of socioeconomic status (6-levels), using the Elley-Irving index in the 

1981-1982 study and the New Zealand Socio Economic Index (NZSEI) in the 

1991-1992 and 2002-2003 studies.  The Elley-Irving index was created using 

the NZSCO-68 and was classified into six-levels using an equal weighting of 

median income and education scores.393  In contrast, the NZSEI was 

developed using the International Socioeconomic Index (ISEI) and the three-

digit level of the NZSCO-90 as an occupationally-derived measure of 

socioeconomic status.  The validation of the NZSEI and its relationship to the 

Elley-Irving index has been thoroughly tested.394, 395  The NZSEI was divided 

into a six-level measure of SES, comparable to the six-levels of the Elley-

Irving index: SES 1 = NZSEI 66-90; 2 = 56-65; 3 = 42-55; 4 = 32-41; 5 = 24-

31; and 6 = 10-23.395 

Medical history of common risk factors for stroke and any co-morbid disease 

was also recorded at the baseline interview.  These questions were consistent 

across the three studies and asked if the patient had, or had ever been told by 

a doctor, that they had a risk factor or disease.  This data included information 

on whether a patient had a history of high blood pressure, or if they were on 

blood pressure lowering drugs, or had a history of stroke (used to define 

incident and recurrent strokes), diabetes, or heart disease (defined by 



 

 106

whether the participant had ever had a heart attack or myocardial infarction 

prior to their stroke).  BMI was calculated using self-reported weight and 

height, (weight kg)/(height m)2 and was used as a measure of obesity.  

“Overweight” was defined by a BMI ≥ 25 and “obese” by a BMI of ≥ 30.  

Smoking status was defined by whether the participant was a current smoker 

at the time of their stroke or not.  These variables were combined into a 

vascular risk factor index, quantifying the number of co-morbid diseases and 

vascular risk factors that a patient had at the time of the stroke, including a 

history of high blood pressure, heart disease, stroke, diabetes, being obese, 

and smoking at the time of stroke.  This index was coded into 0, 1, or ≥ 2 risk 

factors present at the time of their stroke.  Dependency before stroke was 

measured through a number of different questions asking the patient if they 

depended on someone else to fulfil simple tasks of everyday living, such as 

showering, washing, dressing and feeding. 

Disease Factors 

Disease factors were used as a proxy measure of stroke severity and were 

measured by loss of consciousness, or motor deficit or paresis at the time of 

stroke.  Unfortunately a direct measure of the severity of stroke for the three 

studies could not be calculated as the 1981-1982 study did not collect much 

information about the acute stroke event and hospital information, due to 

limited recording keeping in the hospitals.  Therefore, loss of consciousness 

was used as a surrogate measure of the severity of stroke and was defined as 

whether the patient lost consciousness at the time of their stroke, or if they 

had an acute Glasgow Coma Score (GCS) of ≤ 8.  This has been commonly 

used as a proxy measure for stroke severity in other publications.326, 396  If the 

patient had any motor deficit as a result of the stroke (weakness or paralysis 

of the limbs) was also used as a surrogate measure of the severity of stroke. 

Care and Management Factors 

There were a number of factors around the admission to hospital and services 

received that could be used to measure changes in the management of stroke 

over the three periods.  However, these were limited across the three studies 

due to differences in the information collected between the three studies.  
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These care and management factors are the only possible factors that are 

potentially modifiable to influence changes in survival.  Admission to hospital 

was defined as whether the participant was admitted to hospital within 28 

days after their stroke.  Rates of neuroimaging were defined as whether the 

participant received a CT or MRI scan for their acute stroke.  Necropsy was 

defined as whether a patient had an autopsy on death or not, and was more 

common for sudden deaths occurring at home.  The time to medical attention 

was sought after the stroke was defined as the time taken by the patient to 

seek medical attention after their stroke (calling a doctor or arriving at the 

hospital) minus the time of the stroke (if known), or the time of waking.  The 

duration of stay in hospital was defined by the number of days between 

admission to hospital and discharge.  This was used as a measure of access 

to health care. 

Outcome Factors 

There were a number of factors used to measure trends in outcome across 

the three studies.  The primary outcome measure was survival up to one year 

after stroke.  Using this data, case fatality within 28 days, six months and one 

year after the patients’ initial stroke in the study period were calculated.  Case 

fatality was defined as the number of patients who had died by the time point 

of interest, over the number of patients in the study.  Mortality was defined as 

the number of patients who had died over the population at risk (the Auckland 

population).   

In the most recent 2002-2003 study, answers to two simple questions  were 

used to assess the functional outcome of patients after stroke,397 for each 

patient alive at the six month interview after their stroke. 

• Patient dependency was measured through: “Do you require help 

from another person for everyday activities?” 

• Recovery after stroke was measured through: “Do you feel that you 

have made a complete recovery from your stroke?” 
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These questions have been validated in a number of studies.398-400  

Residential status at six months after stroke was also measured to investigate 

changes in institutionalisation pre- and post-stroke.  Unfortunately trends in 

dependency or institutionalisation across the three studies could not be 

investigated due to inconsistencies in data recording and questions over time.   

4.4.2. Population Data 

The ARCOS studies were conducted in the year (or next year for the 2002 

study) of the National Census of Populations and Dwellings, so the data from 

the corresponding census was used as the denominator in the calculation of 

rates in 1981, 1991, 2001.385-387  Census data was available by age, sex, and 

ethnicity.  In the New Zealand Census, ethnicity is classified as the ethnic 

group or groups that people identify with, or feel they belong to.  Thus, 

ethnicity is self-perceived and people can belong to more than one ethnic 

group.  In the 1981 Census, the ethnicity question reflected “'ethnic origin” and 

referred to the blood mixture of races within a person, calculated by adding 

fractional distributions of their origin.385  Up to three races were recorded for 

each individual with an indication of what fraction each response represented.  

Half or more origin was the general classification for inclusion into an ethnic 

group and cases of half origins were assigned to one particular ethnic 

classification according to the following priority order: NZ Māori, Pacific Island 

Polynesian, Other Ethnic Groups (excluding European), and European.  In 

contrast, the 1991 and 2001 census ethnicity questions were based on a 

measure of cultural affiliation, as opposed to race, ancestry, nationality or 

citizenship.386, 387  Up to three possible responses were coded in the 1991 

census, with a maximum of nine responses in the 2001 census.  

A method of prioritisation of ethnicity was used in all census data, to group 

people into a single ethnic group ensuring that numerically small groups were 

identified from the majority.69  The prioritisation method gives priority to non-

European groups, with special priority to Māori and Pacific groups, when 

multiple responses are given.  Therefore, in order of priority: the Māori ethnic 

group refers to those people who indicated Māori as any one of their ethnic 

groups; the Pacific Island ethnic group refers to those people that indicated a 



 

 109

Pacific Island ethnic group as at least one of their ethnic groups (excluding 

those people who identified also with Māori ethnic group); with the remaining 

population, people who specified other groups (excluding those who specified 

only European ethnicities) were then coded to "Other"; and the residual group 

were those who specified only one or more European ethnicities (European).  

At the highest aggregation this resulted in the following categories: European 

Only, Māori Ethnic Group, Pacific Island Group, Other, Not Specified, and 

Total.  In the current analyses, the prioritised output of ethnic groups was 

used as it provided a single ethnic group comparable with the question used 

in the ARCOS study.  This may provide slight overestimates of the population 

denominator for Māori and Pacific populations, producing underestimation of 

rates of stroke in these groups. 

For the future projections of stroke rates in the New Zealand population, the 

estimated population from 2001 to 2051 was obtained from Statistics New 

Zealand.401, 402  This most recent projection of the New Zealand population, by 

age and sex, was estimated using the 2004 resident population as the base 

and was projected out to 2051, in five-year census periods.401  The data used 

in the current analyses (Series 5) assumes medium mortality (increases in life 

expectancy), fertility (a decrease in births up to 2016 then remaining constant) 

and migration (gains in net migration after 2009).  Ethnic specific projections 

of future stroke rates used the Statistics New Zealand population projections 

based on the 2001 census populations and were estimated out to the year 

2021, assuming medium fertility, mortality, net migration and inter-ethnic 

mobility (Series 6).402   

4.5. Statistical Methods 

This section provides a detailed description of the statistical analyses and 

procedures used to examine trends and changes in patient characteristics, 

rates of disease and outcome across the three studies.  The first section 

describes how adjustments were made for the sampling procedure in each of 

the first two ARCOS studies.  The second section describes the checks that 

were made for quality, consistency and completeness of case ascertainment 

across the three studies.  The third section describes descriptive statistics 
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used to assess changes in the demographic characteristics of stroke patients.  

The fourth section provides a detailed description of the formulae used to 

calculate crude and standardise rates and their corresponding variance 

estimates.  The fifth section describes methods used to investigate trends in 

outcome, mortality and survival over time.  The final section describes the 

calculation of the prevalence and projections of the future burden of stroke.  

All of the data from the two previous ARCOS studies were reviewed and 

reanalysed.  The data were combined into datasets corresponding with the 

relevant forms used in the previous two studies, to aid future data 

management and analysis.  This data was imported into a permanent 

Oracle8i403 database so the data could be locked and permanently stored in 

an external database.  All data was then re-extracted into SAS 8.2404 for use 

in the current analyses. 

4.5.1. Adjustment for Sampling Methods 

As mentioned in Section 4.3.2, sampling procedures were used in the two 

earlier ARCOS studies.  Although, appropriate methodology was used to 

sample cases, this has resulted in long-term complexities with analyses of the 

data sets, in particular calculating standard errors of estimates.  Therefore, all 

current analyses of rates and outcome were adjusted for the sampling 

procedures to represent all patients with stroke in the region during the given 

period, and to adjust for the extra variability sampling brings to the variance 

around the estimates.  For the 1981-1982 ARCOS study, where a 50% 

sample of all patients was registered, all patients were weighted by two in the 

current analysis.  The 1991-1992 ARCOS study sampled 25% non-fatal, out-

of-hospital cases, so these patients were weighted by four, to represent the 

total non-fatal, out-of-hospital treated population in the current analysis.  All 

standard errors around rates were adjusted for the sampling procedure (see 

Section 4.5.4). 

Over the twenty years since the first ARCOS 1981-1982 study was 

conducted, information on 23 extra events in the 680 patients was lost.  

Therefore, for the current analyses the numbers of extra events were imputed 
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using data from previously published publications, by age sex and ethnicity, 

where all information except age, sex and ethnicity was set to missing, to 

estimate the original 703 stroke events registered in the study. 

4.5.2. Quality of Case Ascertainment 

It was important to verify the completeness of case ascertainment in the 

registers, to provide evidence of consistency across the three studies, to 

justify the comparability of the data and to rule out any measurement bias in 

the estimation of rates in the population.  Capture recapture techniques were 

used to assess changes in case ascertainment and to estimate the number or 

proportion of cases missing in the three studies.  A number of procedures 

used in the MONICA project (described in Chapter 3) were used to assess the 

consistency and quality of the three ARCOS studies against international 

criteria. 

4.5.2.1. Capture-Recapture 

Capture-recapture methods have been advocated as a measure for 

estimating the completeness of a disease register and quantifying the number 

of cases estimated to be missing.273  These methods have also been used to 

adjust incidence and prevalence rates by the proportion missing to give a 

complete estimate of the rate of disease.270, 405  Therefore, capture-recapture 

techniques were used to evaluate the completeness of case ascertainment of 

the three ARCOS studies and to estimate the proportion of cases missing. 

The simple example of a capture-recapture problem with two sources is 

illustrated in Table 4.3, where X is the unknown number of cases to be 

estimated, not identified by either Source 1 or Source 2.  This approach can 

be extended to data that is obtained from more than two sources as well, 

however, it becomes more complex because further multiple estimates are 

produced. 
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Table 4.3  Example of capture-recapture for two sources of notification. 

Source 2  Source 1 
Yes No Total 

Yes N1 N2 N1+N2 

No N3 X N3+X 

Total N1+N3 N2+X N1+N2+N3+X 

 

The main assumptions of the capture-recapture model are described with 

respect to the three Auckland stroke studies.   

Assumption 1. The study population is closed.  The Auckland region was well 

defined as per the census region at the time of the study.  Strict residency 

criteria prevented new immigrants and visitors to New Zealand from being 

included in the stroke registers.  Also efforts were made to check for cases of 

stroke in Auckland residents that occurred outside the study region, by 

checking with all major hospitals around New Zealand.  Therefore, the study 

population was kept as closed as possible, however international emigration 

could not be controlled for.   

Assumption 2. Independent sources of ascertainment.  It is not clear that each 

of the sources of notification were independent from each other across the 

three studies.  However, it has been shown that log-linear modelling adjusting 

for interactions between the sources of notification controls for the lack of 

independence.270, 276   

Assumption 3. All cases have the same probability of being captured.  This 

assumption was violated for the 1991 study as non-hospitalised non-fatal 

cases only had a 25% chance of being captured due to sampling methods.  

This was not adjusted for in the current analysis because of the small 

numbers in this group.405   
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Assumption 4. All cases can be matched on all lists using a common 

identifier.  This was not a problem in the ARCOS studies, as patients were 

registered through internalised data entry systems and every patient was 

assigned an individual patient identifying number.  

The first source of notification was defined as the source from which the 

patient was first notified and is important in identifying sources that were most 

useful in the “hot pursuit” of patients.  The different sources of notification 

were combined into four independent sources that were consistent across the 

three studies.  These were ( described in Table 4.2; Section 4.3.2): 

• hospital notifications; 

• GP notifications; 

• other community notifications (stroke foundation, rest homes, etc) and  

• death certification.   

 

Inpatient and hospital discharge lists were combined into one source, 

“hospital notification”, as in the 1981-1982 study if a case was already notified 

by an inpatient list then they were not subsequently included on the hospital 

discharge list.  This was different from the 1991-1992 and 2002-2003 studies, 

where independent lists of all hospital discharges in the Auckland region were 

sent to the study office by the NZHIS. 

The numbers used in the capture recapture analyses were conducted 

separately for each study and were based on the first stroke registered in the 

ARCOS study (patients).  Crude numbers, not adjusted for the sampling 

procedures, were used to reflect the true sources notifying the studies of 

patients, in order to estimate the usefulness of each source for future stroke 

incidence studies.  Log-linear modelling assuming a Poisson distribution of 

the data, was used to estimate the number of patients missing in each study.  

This has been shown to control for dependencies between the sources of 

notification by adjusting for interactions between sources, overcoming 

problems with the assumption of dependence.270, 276  In log-linear modelling, if 



 

 114

there are k sources of notification there can be at most k-1 interactions 

between the sources.  It has been shown that the capture-recapture 

assumptions hold best when three or four sources of notification are used, as 

more sources lead to greater complexity in the interpretation of the results.267, 

276  Therefore, k = 4 sources of notification were used in the analyses, with a 

maximum of 114 possible combinations of sources that could be modelled. 

The first model assumed independence between the sources of notification 

and included just the main effects of the four sources.  Next, two-way 

interactions between the various sources of notification were added to the 

model, to assess the dependence between the sources.  Finally, three-way 

interactions between the sources of notification were added to the model, 

controlling for the fixed effects.  The Akaike’s Information Criterion (AIC) was 

used as a guide for the goodness of fit of a given model.273, 406  This was 

calculated using the likelihood ratio statistic (LR): 

)(2 dfLRAIC −= , 

where df is the degrees of freedom in the model.407  The AIC is preferable 

over the likelihood ratio statistic or the deviance of the model as it is 

dependent on the number of parameters included in the model and, hence, 

penalises the model for the addition of extra parameters (or interactions 

between sources).276  The most suitable model was chosen as the model with 

the lowest AIC, as a small AIC value suggests that the covariates included in 

the model explain most of the variation in the counts.  Implausible models with 

extremely large values for interaction terms were discarded.  

4.5.2.2. Quality measures 

As mentioned in the previous chapter, the MONICA collaboration used a 

series of quality measures to determine the quality of the stroke registers in 

the project and to ensure comparability of information between the 

registers.226  These criteria were used as an indirect measure of the quality of 

data consistency across the three studies, and are as follows: 
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1. The proportion of fatal cases that occurred outside the hospital in 

relation to all stroke deaths was used to estimate the completeness 

of data on fatal out-of-hospital events;   

2. The 28-day case fatality rate was used as an indicator of the 

completeness of registration of nonfatal stroke cases.  Incomplete 

coverage of non-fatal events leads to an overestimation of case 

fatality;  

3. The proportion of surviving stroke patients cared for outside the 

hospital was used to estimate the completeness of non-fatal, non-

hospitalised stroke events; and  

4. The proportion of fatal cases examined by a physician before the 

death or subjected to autopsy was used to estimate the accuracy of 

the assignment of diagnostic category in fatal cases. 

 

The ratio between the numbers of deaths in the studies measured against 

routine mortality statistics were not created in the current analyses, as this 

data was not available for the Auckland region at the time of the publication of 

this thesis.  However, the NZHIS was able to provide annual data for all 

deaths with any ICD cerebrovascular disease code (I60-I69, including TIAs 

G45- G46) between 1980 and 2001 for the whole of New Zealand.  Crude 

annual mortality rates, overall and by sex, were calculated and plotted against 

the trends in mortality in the ARCOS studies to compare the direction and 

magnitude of change across the years.  Linear regression models were 

applied to the mortality rates to estimate the slope of the trend lines in overall 

New Zealand stroke mortality and compared to the trend in one year mortality 

rates across the ARCOS studies.  

4.5.3. Trends in Demographics 

The significance of trends in the distribution of categorical demographic 

variables across the three studies was tested using the Cochrane-Armitage 

method.  The Kruskal-Wallis non-parametric analysis of variance was used to 

test for a temporal trend in continuous variables.  The Brown Mood test was 
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used to check for differences between median scores when the continuous 

distributions were skewed.   

4.5.4. Trends in Event and Incidence Rates 

All rates and standardisation of rates were calculated using Microsoft Excel,408 

and checked using SAS.404  All rates were calculated by age, sex, and main 

ethnic grouping (NZ/European, Māori, Pacific, and Asian/Other).  The 

population denominator used for the calculation of all rates was taken from 

the National census survey conducted around the time of the study (1981, 

1991, 2001) for the Auckland region, provided by Statistics New Zealand.385-

387  For the most recent study the 2001 census data were used rather than the 

estimated 2002 population data, as it has been shown that census year data 

is more robust.  Estimated population data increases the bias, (overestimation 

of the population) in the calculation of rates.27 

Attack rates were calculated by including every stroke event, adjudicated as a 

definite or probable stroke that occurred during each study period.  Incident 

rates were calculated by taking all patients who had a first-ever in a life-time 

stroke event, that occurred during the study periods.  Recurrent rates were 

calculated by including anyone who had a previous history of stroke and all 

recurrent strokes that occurred during the study periods.  The following 

sections describe in detail how the crude rates and their corresponding 

standard errors were calculated, and the methods used to standardise the 

rates of stroke. 

4.5.4.1. Crude Rates 

All crude rates and variance estimates were calculated using Poisson 

distribution, by: 

i

i
i P

NR =  , 2)var(
i

i
i P

N
R = , 

where i represents the subgroup (by age, sex and ethnicity), R represents the 

rates, N is the number of patients and P is the population taken from the 

census.262, 409  The Poisson model arises as a distribution for the number of 
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cases occurring in a stationary population of size N followed for a fixed period 

of time. The standard error that gives the best approximation to the log 

likelihood ratio is:  

i

i
i P

N
Rse =)( . 

The formulae used for calculating the standard error for the 1981-1982 and 

1991-1992 studies, taking into account the sampling procedures used were:  
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where N1 in the 1981-1982 study represent the crude numbers of cases (50% 

of all cases) and N1 in the 1991-1992 study represents non-sampled cases 

and N4 represents the crude numbers of non-hospitalised non-fatal (25%) 

cases. An approximate 95% confidence interval was calculated by:   

)(2/ ii RstddevZR α± , 

where Zα/2 is the th2/α  quartile of the standard normal distribution.  In the 

current analysis, α = 0.05 was used to calculate a 95% confidence interval. 

4.5.4.2. Direct Standardisation 

Age standardised rates were used to compare rates across time and different 

populations, as this removes the distortion of crude rates by relating the data 

to a standard population with fixed age structure.  However, age 

standardisation can also mask real effects as depending on the standard 

population used it tends to place more weight on younger populations and 

less on older.  There is no conceptual justification for choosing one standard 

population over another, thus the choice is arbitrary, but it should be relevant 

to the study population and consistent across the populations being 

compared.312  Therefore, if a world standard population is used, when 

investigating a disease of the elderly, populations that have the affliction at 

younger ages will have more weighting and higher rates than older 

populations.  This occurs in the New Zealand stroke population when 
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investigating differences in ethnicity, as Māori and Pacific populations tend to 

have their strokes 10 years younger than NZ/European populations and 

hence will have more weight placed on the younger strokes providing higher 

overall rates. 

With the increasing availability of age-specific rates, the use of direct age 

standardisation has become the predominant technique in most applications 

of demography and epidemiology.  Direct standardisation yields a 

standardised rate which is a weighted average of the age-specific rates, for 

each of the populations being compared.  The WHO world population was 

chosen as the reference group as this is the most recent published world data 

(Table 4.4).410  This new grouping represents an updated world population 

adjusting for the older age distribution of the world compared to the previous 

“Segi” world population of 1967.411 

The age groups, 15-64, 65-74, 75-84, and 85 years or older were used to 

calculate direct standardised rates because of the small numbers of events in 

the younger age groups, especially when stratified by sex or ethnicity. 

 

Table 4.4  Weights used in direct age standardization of rates, taken from the 

WHO World population (2003).410 

Age 
Population 

Distribution (%) 
Weight

(wi) 
 15-24 16.69 0.2259
 25-34 15.54 0.2103
 35-44 13.74 0.1860
 45-54 11.41 0.1544
 55-64 8.27 0.1119
 65-74 5.17 0.0700
 75-84 2.43 0.0329
 85+ 0.64 0.0086
Total 73.90 1.0000
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The formulae used to calculate direct standardised rates were:  
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where Rs represents the standardised rate, Ri is the crude rate of subgroup i 

and wi is the weight of the subgroup of the standard population.262  The 

corresponding variance and standard error were calculated using the crude 

variance, var(Ri), (adjusted for the sampling procedure): 
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The 95% confidence intervals around the standardised rates were calculated 

by: 

)))(log(exp()(%95 2/ sss RseZRRCI α
×
÷=  

 

Rate Ratios 

Rate ratios (RR) between two standardised rates were used to compare two 

rates over time.312  RRs of direct standardised rates were used to compare 

the rates of the two earlier studies with that of the 2002 study, to estimate the 

magnitude of change in the rates over time.  RR’s were also used to compare 

standardised rates of stroke between ethnic groups using the NZ/European 

ethnicity as the reference group to investigate disparities in the rates of stroke, 

within each study.  The RR and the corresponding variance were calculated 

by:262 
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where RS1 is the rate being compared to the reference rate, RS2.  An 

approximate method of the Poisson model and the logarithm of the RR were 

used to calculate confidence intervals around the rate ratio:409 

{ } 2
2

2
12

2

2
2

1

1 )()()log( RseRse
P
N
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N

RRse +=+≈ . 

4.5.4.3. Indirect Standardisation 

Indirect standardisation enables better comparisons of time trends within the 

Auckland population, as it adjusts for changes in the distribution of age, sex 

and ethnicity in the calculation of age, sex and ethnic specific rates.  Indirect 

standardisation assumes the age-specific rates in the study group are the 

same as in the standard population and is useful when person-years are not 

available, or if there are small numbers in the groups.412  Indirect 

standardisation is useful for assessing temporal trends in stroke rates within 

ethnic groups due to the variation in the age structure of the ethnic groups in 

New Zealand, and also because there were small numbers in minority ethnic 

groups in the earlier studies.   

The 2002-2003 ARCOS study was the most recent and least biased, as no 

sampling procedures were used in the collection of cases.  Therefore, in the 

current analysis, the rates of the 2002-2003 ARCOS study, using the 2001 

Auckland census, were used as the standard population against which the 

expected values in the 1981-1982 and 1991-1992 studies were calculated.  

Rates in the earlier ARCOS studies were thus weighted by the population in 

each age, sex and ethnic group of the study population (ARCOS 2002-2003) 

to estimate the “expected number” of cases.   

Standardised Event Ratios 

The result from indirect standardisation is the standardised event ratio (SER) 

which calculates a measure of change in rates as compared to the reference 

group.  The SER is a ratio of the observed to the expected number of events, 

or cases.  When the events are deaths this ratio is often referred to as the 

standardized mortality ratio (SMR).413  These ratios are equivalent to the RR 
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described earlier, allowing comparisons of each population under study to the 

standard or current population. 

The formulae used to calculate the SER and the indirect standardised rate are 

shown below.  The age-specific stroke rate in the standard population (s), for 

the kth age-group is equivalent to the crude rate,  

sk

sk
sk P

N
R =

, 

and the overall crude rate for the standard population is  

∑= sks RR . 

The expected number of events in the cohort is defined as  

∑ ×= kskr PRE , 

where Pk is the population of the kth age group in the cohort of interest and Er 

is the expected number of strokes that would have been observed in the 

cohort if the age-specific rates were equal to the age-specific rates in the 

standard population.413 
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All standard errors were adjusted for the sampling procedures in the 1981 and 

1991 studies, as described earlier.  Indirect standardised rates adjust the 

standard rate up or down to the SER accordingly and were calculated by  

sRSERISR ×= , )(100000)( SERseRISRse s ××=  

with the corresponding confidence intervals being calculated by 

)(%95 2/ SERseZSERCI α±= , )(%95 2/ ISRseZISRCI α±= . 
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In the current analysis the inverse of the SER (1/SER) are presented, so the 

direction of the ratio is interpreted in the same way as the rate ratio of direct 

standardised rates.  A 1/SER lower than one indicates that the rate is higher 

in the observed population compared to the standard population (the 2002-

2003 study), indicating a declining trend in rates.  On the other hand, a 1/SER 

higher than one indicates that the rate is lower than the standard population.  

SERs are useful in that they provide an estimate of the relative risk between 

the standard population and the population under study.413  Discrepancies in 

SERs may be due to differences in the age structure of the populations.  

4.5.4.4. Testing for Heterogeneity between rates and rate ratios 

The Wald statistic was used to test for heterogeneity between standardised 

rates and rate ratios across age and ethnic subgroups:262  
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Q ∑ −
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where RRi is the stratum specific rate or rate ratio and RR is the overall rate or 

rate ratio.  The Wald statistic has a χ2 distribution with degrees of freedom one 

less than the number of strata (df = k-1) to test for the significance of 

heterogeneity.  If the p-value was <0.05 then there was significant 

heterogeneity among the rates, indicating differences between the groups.  

4.5.5. Trends in Outcome 

All three studies interviewed survivors at 28 days and 6 months after their first 

stroke in the study period, as well as conducting checks for all deaths up to 

one year after stroke.  Therefore, trends in mortality and survival up to one 

year were investigated.  In all mortality and survival analyses, only first-ever in 

a lifetime (incident) strokes were used to control for the confounding effects of 

recurrent stroke on survival.  Case fatality at 28 days, 6 months and 1 year 

were calculated and defined as the number who had died at the time point 

over the number of cases.  The significance of trends in the distribution of 

case fatality across the three studies was tested using the Cochrane-Armitage 

test for trends. 
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4.5.5.1. Trends in Mortality 

Mortality was defined as the number of cases who had died up to one year 

after their first-ever stroke over the population at risk.  Crude and age 

standardised mortality rates were calculated for the three studies.  Age 

standardised rates were calculated using the direct method of standardisation 

with the WHO world population as the standard.410  RRs were calculated to 

investigate the magnitude of change in rates across the studies. 

4.5.5.2. Trends in Survival 

Kaplan Meier estimators were used to estimate the survivor functions at 28 

days and 1 year after stroke for the three studies.  All cases not known to 

have died within 1 year after their stroke were right censored at 365 days.  

The log-rank test was used to test for differences in crude survivor functions 

between the three studies as well as looking for differences between 

combinations of two studies (1981/1991, 1981/2002, 1991/2002).  This non-

parametric method tests the null hypothesis assuming that there is no 

difference in the survivor functions of the groups being compared.413  

Predictive Modelling 

Cox proportional hazards regression was used to model the time to death up 

to one year after stroke.  This is a useful semi-parametric approach to 

modelling time to death, which hypothesises that the relationship between 

survival times in two groups can be described in terms of the relationship of 

the hazards and also makes no assumption on the distribution of the survival 

times.  When the proportional hazards assumption holds, the cumulative log(-

log(survival)) survival curves should differ by a constant amount over time and 

be approximately parallel for the groups of interest.413  The proportionality 

assumptions of constant hazards between subgroups in the three ARCOS 

studies were tested using SAS. 

The variables used in the predictive modelling were categorised into three 

factors which could potentially influence survival:   
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Patient factors were pre-stroke patient demographics and pre-morbid risk 

factors and disease, which included: age (continuous); sex; ethnicity 

(European/non-European); history of hypertension; history of diabetes; history 

of heart disease; history of previous heart disease medication; overweight or 

obese (BMI ≥ 25); smoking (current, at the time of stroke or not); pre-morbid 

dependency.  Patient factors were assumed to be fixed at the time of stroke 

and therefore could not be changed once the patient had a stroke.   

Disease factors were used as a proxy measure of stroke severity and were 

measured by loss of consciousness at the time of stroke or a symptom of the 

stroke including motor deficit or paresis.  Disease factors occurred at the time 

of the stroke and were assumed to be unchangeable as well.   

Hospital management and care factors were the only possible factor that 

could potentially be modified to influence changes in survival.  However, there 

were only three possible variables that were consistent across the three 

studies and could be used to investigate changes in the management or care 

of the stroke patient.  These were: neuroimaging (CT or MRI scanning) 

received by the patient, admission to hospital; and the time to first seeking 

medical attention for the stroke (time from stroke to ringing GP, or getting to 

the hospital). 

Missing Data Imputation 

There were large proportions of missing values across the three studies for 

BMI and time to seeking medical attention.  To account for possible missing 

value bias multiple imputation was performed.414, 415  The main assumption of 

imputing missing data is that the data are missing at random.  The probability 

of a value being missing does not therefore, depend on the unobserved data 

(which could not be verified) but may depend on observed data.416   

The most common and direct way of dealing with missing data is to exclude 

observations with missing data.  However, this method may give biased 

results by wasting data and reducing power, especially when dealing with 

large databases where many variables are captured.  There are a number of 

methods that have been used to impute missing values in research data, such 



 

 125

as the unconditional and conditional mean methods, multiple hot deck 

methods and single and multiple imputation methods.  The method of multiple 

imputation has been shown to be useful in the case of estimating 

epidemiological data, even when more than 60% of the data is missing.417   

Multiple imputation was preferred over other methods of imputing missing 

data, as a joint probability distribution for the variable to be imputed can be 

specified and it yields estimates with good statistical properties.  It takes into 

account the variability that occurs when imputing missing data and adjusts the 

standard errors accordingly.  In multiple imputation of missing data, for each 

missing value m values are imputed using information from other (non-

missing) parameters.  Standard complete-data methods are then used to 

estimate the parameters of interest and their associated variances for each 

complete-data with imputed values.  The results of those m analyses are then 

combined to provide a single inference about the parameter of interest that 

included uncertainty due to missing data.418  Multiple imputation requires 

advanced statistical software which typically implement the algorithms of 

Rubin and Shafer.415  Two new procedures were available in SAS Version 

8.2, the MI procedure which conducts multiple imputation of missing data and 

the MIANALYZE procedure which combines the results of the analyses of 

imputations and generates valid statistical inferences.404   

In the current analysis all variables that were used in the predictive analysis 

were utilised in the implementation of multiple imputation.  Age, the logarithm 

of time to seeking medical attention, BMI and time to death or being censored 

were kept as continuous and were assumed to follow a normal distribution.  

The categorical variables sex, European ethnicity, pre-stroke dependency, 

history of heart disease, history of diabetes, history of hypertension, history of 

taking blood pressure lowering medication, smoking status, loss of 

consciousness at the time of stroke, motor deficit or paresis from the stroke, 

admission to hospital and neuroimaging (CT or MRI), were included in the 

model.  Five imputations of the data were generated to impute missing values.  

Trends in descriptor variables were computed on the imputed data and the 

results were aggregated into summary measures.  Forward stepwise Cox 



 

 126

proportional hazards regression was also conducted on all five generated 

datasets to develop a predictive model of survival up to one year after first-

ever stroke, adjusting for the study periods 1991-1992 and 2002-2003 (using 

the 1981-1982 study as the reference period).  The results from the final 

models were then combined to provide aggregated estimates of the hazard 

ratio and variance, using the MIANALYZE procedure in SAS. 

Change in Survival 

To determine what factors influenced changes in survival, the percentage 

change in the hazard ratio (HR) between study periods, from the Cox 

proportional hazards modelling, after controlling for the factors found to be 

significant in the stepwise regression analysis, was estimated by (HRadj-

HRunadj)/HRunadj*100%.  Three additive models were developed: Model 1 

adjusted for patient factors; Model 2 adjusted for patient + disease factors; 

and Model 3 adjusted for patient + disease + hospital management and care 

factors.  Sensitivity analyses were also conducted controlling for cases who 

survived the acute phase of the stroke (2 day survivors) and cases who were 

admitted to hospital. 

4.5.6. Prevalence 

As stroke is a chronic disease, with approximately 30% of sufferers dying from 

their stroke in the acute period and approximately 50% of all survivors living 

with some sort of lasting disability from their stroke, it is important to estimate 

the burden on the community by estimating the number of people living with 

the effects of a stroke.  The prevalence of a disease is the estimated number 

of people living with the effects of the disease at a specified point in time, 

providing a measure of the burden of the disease in the population.  

Prevalence rates are influenced by the incidence of disease, and the duration 

of the disease which is influenced by survival (Figure 4.3).419, 420  If the 

number of new incident strokes is stable over time or even increasing, as 

shown in the literature, the number of prevalent cases of stroke will increase.  

However, if survival continues to improve, as shown previously,326 the number 

of prevalent cases of stroke will also increase.  Therefore, in order to reduce 
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the burden of prevalent stroke cases in the population, the number of new 

stroke cases needs to be reduced though the primary prevention of stroke. 

 

 

Figure 4.3  Diagram of the flow of prevalent cases in and out of the population 

(adapted from Beaglehole et al, 1993).419 

 

First-ever prevalence rates were calculated, using incidence and survival 

information from the most recent ARCOS study (2002-2003), to estimate the 

burden of prevalent stroke in the New Zealand population.  The age and sex 

adjusted number of first-ever prevalent stroke cases in New Zealand was 

calculated by: 

∑= ijnzijarsurvijarnz popxIRP ,cos,,cos, **  

where   

IRarcos = incidence rate in ARCOS 2002-2003 

x surv,arcos = mean survival within one year post-stroke in ARCOS 2002-2003 

popnz = estimated census year population from Statistics New Zealand.401 

i = age group (15-64, 65-74, 75-84, 85+) 

j = sex (male, female). 

 

Note, this measures of prevalence does not take into account people already 

living with the effects of stroke, so is an estimate of non-fatal stroke burden. 
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4.5.6.1. Dependency 

To estimate the proportion of the prevalent stroke population who were living 

with lasting disability, three measures from the 2002-2003 study were used.  

Patient dependency was measured through the question “Do you require help 

from another person for everyday activities?”.  Recovery after stroke was 

measured through “Do you feel that you have made a complete recovery from 

your stroke?”.397  Institutionalisation after stroke was measured through 

residential status at six months.  This information was combined to create a 

variable of recovery and disability in patients alive six months after their 

stroke: 1. fully recovered; 2. partially recovered (some dependency); 3. not 

recovered and dependent on others for activities of daily living; and 4. living in 

institutional care six months after stroke.  Changes in pre- and post-stroke 

dependency and institutionalisation were calculated to estimate the net 

proportion of new patients dependent or institutionalised as a result of their 

stroke, taking into account death at six months.  This was calculated by 

subtracting the proportion who were dependent (or institutionalised) before 

their stroke from the proportion dependent (or institutionalised) at six months 

after their stroke.   

4.5.7. Projections of Future Burden 

It is important to estimate the future burden of stroke and areas or groups that 

are most affected, to inform health care workers and policy makers of the 

estimated usage of health services.  The future burden of stroke mortality was 

projected to estimate the number of deaths attributable to stroke occurring in 

the population, providing comparable numbers with other projected estimates 

around the world.  The incidence rate of stroke was projected to estimate the 

number of new strokes occurring.  The first-ever prevalence rate of stroke was 

projected to estimate the total stroke burden occurring in New Zealand.  The 

age and sex specific mortality, incidence and prevalence rates of stroke from 

the most recent ARCOS study (2002-2003) were multiplied by the 

corresponding estimated population from 2001 to 2051 obtained from 

Statistics New Zealand.401, 402  Ethnic specific incidence rates were multiplied 
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by the ethnic specific projected population of New Zealand from 2001 to 

2021.402   

A number of different scenarios were developed to investigate hypothesised 

changes in population demographics, the rate of disease and outcome after 

stroke.  All rates and projections were adjusted for the estimated changes in 

the age and sex distribution of the New Zealand population.  

Scenario 1 – demographic change.  This scenario assumes the basic 

demographic changes in the age and sex structure of the population 

assuming medium mortality, fertility and migration401 and no change in the 

annual rate of stroke (or stroke death) over time. 

Scenario 2a – mortality change.  This scenario assumes the basic 

demographic changes in the structure of the population with a conservative 

estimate of a decline in mortality from stroke of 1% per annum. 

Scenario 2b – mortality change.  This scenario assumes the basic 

demographic changes in the structure of the population with an annual 

decrease in the mortality rate from stroke of 2%, as found in other studies36, 

155 and is within the confidence interval of the annual percentage change in 

case fatality in ideal studies. 

Scenario 2c – mortality change.  This scenario assumes the basic 

demographic changes in the structure of the population and the annual 

percentage change in the age and sex adjusted mortality rates found in the 

three ARCOS studies. 

Scenario 3a – incidence change.  This scenario assumes the basic 

demographic changes in the structure of the population, and a decrease in the 

annual incidence rate of stroke of approximately 1%, as found in other 

epidemiological trend studies421 and in the pooled estimates of the annual 

percentage change in the incidence of stroke in ideal studies (Chapter 3). 
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Scenario 3b – incidence change.  This scenario assumes the basic 

demographic changes in the structure of the population, with a conservative 

estimate of the change in incidence, an increase of 1% per annum. 

Scenario 3c – incidence change.  This scenario assumes the basic 

demographic changes in the structure of the population, and the annual 

percentage change in the age and sex adjusted incidence rates across the 

three ARCOS studies. 

Scenario 4 – survival change.  This scenario assumes the basic demographic 

changes in the structure of the population as well as an annual percentage 

change in mean survival up to one year after incident stroke, found across the 

three ARCOS studies, of a 2.5 day improvement in survival. 

Different combinations of these scenarios were used to investigate various 

changes in the demography of the population and epidemiology of the 

disease, as reflected in the projected number of new cases occurring 

(incidence), dying (mortality), or living with the effects of the disease 

(prevalence).  The optimistic and pessimistic scenarios provide an estimate of 

the lower and upper bounds of the numbers of cases, within which the real 

number of cases will fall. 

4.6. Ethical Approval 

The University of Auckland Human Subjects Ethics Committee, Auckland 

Ethics (previously known as North Health Ethics) committee provided ethical 

approval for the three studies.  Ethical approval to conduct research in and 

obtain medical records from each public hospital in Auckland was also 

obtained.  Written informed consent was obtained for all patients, or their 

proxy informant, registered in the study. 
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5.   TRENDS IN CASE ASCERTAINMENT AND RATES  

Data on trends in stroke are varied due to variability in study design and in the 

reliability of the data.  Trends in the rate of stroke from ideal stroke incidence 

studies, using standard definitions and case ascertainment, are limited and 

varied.  When trends in stroke incidence from otherwise comparable ideal 

studies were pooled in Chapter 3, the results showed a modest decline in 

incidence over a number of studies worldwide. 

This chapter presents results from the pooling from all three ARCOS studies 

to determine trends in the rate of stroke in Auckland over 20 years.  In order to 

ensure that these trends were true and not biased through changes in case 

ascertainment, checks of the quality and reliability of the data over time were 

undertaken.  The first section summarises trends in case ascertainment 

across the three studies, with measures of data quality and completeness of 

case ascertainment.  The second section summarises changes in the 

characteristics of the patients with stroke included in each of the three studies.  

The third section presents trends in stroke incidence and attack rates, overall 

and by age and sex.  The final section discusses the implications of these 

results in the context of other literature. 

5.1. Trends in Data Quality 

It is important to investigate how case ascertainment has changed over time, 

to provide evidence that the trends found are real trends and not an artefact of 

improvements in the identification of stroke patients.  There are a number of 

methods that can be used to check the quality of the data.  The data quality 

criteria, used in the WHO MONICA project to assess the quality of the studies, 

was used to measure of consistency of data collection over time.  The capture 

recapture method was used to estimate the proportion of patients missing (not 

collected) in each study, as a measure of the completeness of case 

ascertainment.  
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A total of 3006 notifications of potential stroke patients were reviewed in the 

1981-1982 study leading to 703 (23%) stroke events registered in 680 

patients (unadjusted for sampling).  Many of the ineligible patients were not 

included in the study because they were not registered with one of the 

sampled GPs.  In the 1991-1992 study a total of 4780 notifications were made 

leading to 1803 (38%) stroke events registered in 1761 patients.  In the 2002-

2003 study approximately 6870 notifications were made from all sources of 

case ascertainment, leading to 2117 events registered in the study.  116 

events were adjudicated as “possible” or not stroke by the specialised 

adjudication committee, leaving the final total of 2001 (29%) definite or 

probable stroke events in 1938 patients.  Increases in the number of stroke 

patients across the three studies reflect increases in the ageing of the 

Auckland population. 

Table 5.1 presents data on case ascertainment and assessment across the 

three ARCOS studies.  The first source of notification identified the initial 

source of notification used to ascertain cases.  In the 1981-1982 study over 

79% of patients were first notified to the study through hospital admission and 

discharge lists, with only 2% initially identified through GPs.  The community 

based extramural hospital services provided a unique contribution to the 

register being a useful source of notification of non-hospitalised patients.  In 

the 1991-1992 study 62% of patients were first identified through daily hospital 

admission lists, 9% from death certificates or coroners reports and 21% from 

general practitioners and other community-based sources.  The high 

proportion of first notifications from GPs in the 1991-1992 study reflects the 

sampling procedure used to identify 25% of non-hospitalised non-fatal 

patients.  In the 2002-2003 study most patients were initially identified through 

the hospital system which is in line with increasing numbers of patients being 

admitted to hospital.  The increase in hospitals as primary source of 

notification, most likely reflects changes in the patterns of health care delivery 

and associated complexities to surveillance research over time.  
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Table 5.1  Case ascertainment and assessment procedures for each study. 

  1981-1982*  1991-1992  2002-2003 Test for 
 (n=1360)  (n=1761)  (n=1938) trend 

 n %  n %  n % P value† 
First source of notification   

  Hospital lists 1082 79.9 1092 62.0 1361 70.2 <0.001 

  GP 30 2.2 368 20.9 117 6.0  

  Other community 138 10.1 140 8.0 365 18.8  

  Death certificate/coroner 104 7.7 161 9.1 95 4.9  
Two or more sources 626 46.2 743 42.2 1229 67.0 <0.001 

Assessment procedures   
  Stroke onset to notification, 
    Median (IQR), days 1 (12) 5 (20) 6 (32) <0.001‡

  Stroke onset to assessment, 
    Median (IQR), days 20 (32) 16 (58) 8 (66) <0.001‡

  Notification to assessment, 
    Median (IQR), days 7 (25) 5 (20) 0 (4) <0.001‡

Main source of information   

  Patient 466 34.3 816 46.3 853 44.0 <0.001 

  Proxy 488 35.9 742 42.2 502 25.9 <0.001 

  Medical records or staff 406 29.9 202 11.5 583 30.1 0.09 

IQR = Inter-quartile range, GP = General Practitioner 
* 6 patients with missing source of notification in the 1981-1982 study 
† p-value calculated using Chi-squared test 
‡ p-value calculated using Brown Mood test for median scores 
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Table 5.1 shows that 46% of patients registered in the 1981-1982 study were 

notified by more than one source of notification, which increased to 67% in the 

2002-2003 study reflecting changes in case ascertainment procedures.  The 

increase in the proportion of patients being notified to the study by more than 

one source is a reflection of improvements in case ascertainment across the 

three studies and easier access to electronic hospital morbidity and death 

data.   

The time from stroke onset to first notification and assessment of the stroke in 

the studies were right skewed, with some extreme patients followed up or 

assessed many months after the initial stroke.  There were significant 

differences in the median value of these variables across the three studies, 

with increases in the median number of days between the stroke onset and 

notification of the patient to the study register and declines in the time to 

assessment across the three studies.  Once the stroke patient was notified to 

the study, the first assessment and interview was held soon after.  The spread 

of the data (the inter-quartile range, IQR) also increased over time, reflecting 

changes in case ascertainment and increased use of cold pursuit methods 

such as notifications from the Stroke Foundation and NZHIS.   

There was an increase in the proportion of interviews conducted directly with 

the patient across the three studies, leading to declines in the proportion of 

interviews being conducted with a spouse or close relative of the patient. 

However, over one third of interviews used medical records or medical staff as 

the main source of information in the 1981-1982 and 2002-2003 studies.  

Obtaining patient information from medical records may have influenced the 

amount of missing data in some of the demographic variables of interest. 

5.1.1. MONICA Criteria 

The WHO MONICA project measures of data quality were used as an indirect 

method of determining the quality and consistency of the data across the 

three studies.  Table 5.2 presents four of the measures. 
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Table 5.2  Measures of data quality using the WHO MONICA quality criteria for each study. 

 1981-1982 1991-1992 2002-2003 Test for 
 (n=1360) (n=1761) (n=1938) trend 

MONICA quality criteria n/N % n/N % n/N % P value* 
Case fatality, 28 days 450/1360 33.1 421/1761 23.9 407/1938 21.0 <0.001 

Fatal cases occurring 
outside hospital 156/450 34.7 112/421 26.6 81/407 20.0 <0.001 

Non-fatal cases cared for 
outside hospital 354/910 38.9 373/1340 27.8 91/1531 5.9 <0.001 

Fatal cases examined by 
physician or autopsy 306/450 68.0 334/421 79.3 339/407 83.3 <0.001 

*p-value calculated using Cochran-Armitage trend test 
n/N = Data shown are number of deaths/patients divided by number at risk and % 
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28-day case fatality was used as an indicator of the completeness of the 

registration of non-fatal stroke patients, where incomplete coverage of non-

fatal events may lead to overestimates of case fatality.  Case fatality 

decreased over the three study periods indicating improvements in short-term 

survival and possibly better ascertainment of non-fatal events and milder 

cases of stroke over time (discussed in depth in Chapter 7).  The proportion of 

fatal stroke patients that occurred outside the hospital in relation to all stroke 

deaths in the three studies was used to estimate the completeness of data on 

fatal out-of-hospital events, since not all fatal cases reach the hospital alive.  

This was well over 10% in all of the studies indicating that checks of death 

certificates and autopsy reports were near complete.  The proportion of 

surviving stroke patients cared for outside the hospital was used to estimate 

the completeness of non-fatal, non-hospitalised stroke events.  This declined 

significantly over the three study periods reflecting increases in the number of 

patients admitted to hospital over time.  The proportion of fatal cases 

examined by a physician before death or on autopsy was used to estimate the 

accuracy of stroke diagnosis of fatal patients.  These rates were high and 

slightly increasing over time providing evidence of the high accuracy of 

diagnosis of stroke in fatal patients. 

The ratio between the number of deaths identified in the register and the 

number of deaths according to routine statistics as 2002 death data for the 

Auckland region were unavailable at the time of publication of this thesis.  

Therefore, one year mortality rates in the ARCOS studies were plotted against 

annual stroke mortality for New Zealand to determine if the trends are in the 

same direction and compare the amount of change in mortality.  Simple linear 

regression lines were fit to the data shown in Figure 5.1.  The declining trend 

in stroke mortality was similar between the ARCOS studies and the New 

Zealand mortality data, with similar slopes (-1.5 across the ARCOS studies, -

1.4 across the New Zealand data) and annual percentage change in rates 

(1.9% decline in ARCOS, 1.5% decline in New Zealand).  Using these 

standard criteria it has been shown that the quality and comparability of these 

studies are of a high standard and this quality improved over the three study 

periods. 
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Figure 5.1  Trends in one year stroke mortality in the three ARCOS studies 

compared with trends in New Zealand. 
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5.1.2. Capture Recapture 

The capture recapture technique was used to measure the completeness of 

case ascertainment in each of the three ARCOS studies and to estimate the 

number of cases that were missing from the studies.  The sources of 

notification for the three studies were combined into four lists (described in 

Chapter 4, Table 4.2): hospital notifications, GP notifications, other community 

notifications (stroke foundation, rest homes, and allied health professionals) 

and death certification.  The capture histories of the case ascertainment were 

aggregated into categorical combinations of the multiple notifications of 

patients in the three studies and are presented in the contingency table in 

Table 5.3.  Only 15 distinct capture histories were observed out of a possible 

114 different combinations. 

Table 5.3 shows that there were more patients in the 2002-2003 study that 

were notified by three or more sources of notification (11%), compared to 5% 

in the 1981-1982 study and 3% in the 1991-1992 study, reflecting changes in 

case ascertainment and electronic data-base systems.  In all three studies, 

the majority of cases were notified through the hospital system only or a 

combination of hospital and another source of notification.  However, there 

were declines in the number of patients that were notified only through 

routinely available sources, such as hospital admission and discharge lists 

and death certificates and autopsies, 53%, 46% and 34%, across the three 

studies respectively.  This reflects the increases in overlapping multiple 

sources of notification over time.  
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Table 5.3  Contingency table of the four sources of notification used in capture-recapture analysis. 

1981-1982* 1991-1992* 2002-2003History Hospital GP Death Other  
community n % n % n % 

1 1 1 1 1 0 0.0 0 0.0 16 0.8
2 1 1 0 1 4 0.6 1 0.1 95 4.9
3 1 1 1 0 2 0.3 5 0.4 12 0.6
4 1 1 0 0 3 0.4 2 0.1 60 3.1
5 1 0 1 1 27 4.0 16 1.1 86 4.4
6 1 0 0 1 135 19.9 290 20.0 539 27.8
7 1 0 1 0 73 10.8 274 18.9 227 11.7
8 1 0 0 0 324 47.9 520 35.9 605 31.2
9 0 1 1 1 0 0.0 1 0.1 12 0.6

10 0 1 0 1 4 0.6 23 1.6 37 1.9
11 0 1 1 0 1 0.2 4 0.3 5 0.3
12 0 1 0 0 8 1.2 72 5.0 69 3.6
13 0 0 1 1 7 1.0 20 1.4 34 1.8
14 0 0 0 1 54 8.0 63 4.4 92 4.8
15 0 0 1 0 35 5.2 158 10.9 49 2.5

Total Patients    677† 1449 1938

*1981-1982 and 1991-1992 numbers were not adjusted for the sampling procedures 
† 3 patients had missing source of notification from the 1981-1982 study 
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Table 5.4 presents results from the capture-recapture log-linear modelling 

using different combinations of the sources of notification.  The independent 

model included the main effects of the four sources of notification only and 

estimated that there was 18%, 22% and 9% cases missing from the three 

studies respectively.  Two-way interactions between sources were added to 

the model adding complexity and inflating the proportion of cases estimated to 

be missing.  Additional two-way interactions did not add any extra information 

on top of the single two-way interactions.  Next, the three way interactions 

which included all two-way interactions between the sources of interest were 

added to the model.  The most parsimonious model included all two-way and 

three-way interactions between hospital, GP, and death certification.  This 

was selected as the final model as it was the most robust, with a small AIC 

estimate and it estimated the least number of patients missing in all three 

studies.  It was estimated that there were 16%, 11% and 6% cases missing 

from the three studies, respectively.  All models suggested that the estimated 

number of missing cases decreased across the three studies, reflecting 

improvement in case ascertainment and the use of multiple sources of 

notification.  
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Table 5.4  Capture-recapture log-linear modelling, estimating the number missing in each study. 

 1981-1982 1991-1992  2002-2003
Model AIC #miss 95% CI %miss AIC #miss 95% CI %miss  AIC #miss 95% CI %miss 
Independent -0.9 146 (115-186) 17.7 331.6 397 (342-460) 21.5  127.4 189 (164-217) 8.9 

H*D 1.0 151 (112-204) 18.2 332.0 432 (354-526) 23.0  129.4 190 (161-224) 8.9 

H*C -1.9 186 (131-266) 21.6 267.0 620 (519-741) 30.0  108.4 274 (224-334) 12.5 

H*GP -6.9 134 (104-172) 16.5 189.5 300 (255-352) 17.1  67.5 139 (117-164) 6.7 

D*C -0.3 141 (109-180) 17.2 239.5 320 (274-374) 18.1  108.8 173 (150-200) 8.2 

D*GP 1.1 146 (115-186) 17.7 318.2 385 (332-446) 21.0  120.8 184 (160-212) 8.7 

C*GP -0.5 148 (116-189) 17.9 332.8 399 (344-463) 21.6  116.2 200 (173-231) 9.3 

H*D*C -0.3 355 (148-849) 34.4 87.4 2650 (1770-3968) 64.7  46.2 475 (362-624) 19.7 

H*D*GP -1.9 131 (95-181) 16.2 136.1 185 (140-243) 11.3  58.2 115 (92-144) 5.6 

D*C*GP 2.2 143 (111-184) 17.4 222.4 301 (257-352) 17.2  85.6 174 (150-203) 8.3 

H=Hospital, D=Death, C=Community, GP=General Practitioner; AIC = Akaike’s Information Criterion; CI = Confidence Interval 

%miss = estimated percentage missing, (# missing)/(# missing + # in study) 
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5.2. Trends in Patient Characteristics 

It is important to examine changes in case mix and demographic 

characteristics of patients across the three studies to identify changes in the 

baseline risk of stroke in the population.  Table 5.5 shows the demographic 

characteristics of the patients at the time of their stroke, in each of the studies.  

There were similar proportions of male patients (under 50%) across the three 

studies.  The mean age increased significantly, with the proportion of patients 

aged over 85 years increasing significantly over the three studies, mirroring 

trends in the ageing of the Auckland population.  Female stroke patients were 

on average 5 years older than males across the three studies.  There was a 

decline in the proportion of patients who identified as NZ/European ethnicity, 

with stable proportions of Māori.  However, there were increasing proportions 

of patients identifying with other ethnic origins, in particular Pacific and Other 

populations, where the proportions increased nearly 4- and 5-fold, 

respectively, over the study periods.  This reflects changes in the ethnic 

distribution of the Auckland population, with increasing immigration from the 

Pacific and Asia.  Declines in the proportion of patients in high socioeconomic 

groups may also reflect increases in immigrant populations to Auckland.   
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Table 5.5  Patient demographics, socioeconomic status and medical history of 

stroke patients in the three ARCOS studies.  

 1981-1982 1991-1992 2002-2003 Test for

 (n=1360) (n=1761) (n=1938) trend 
 n % n % n % P value*
Demographics   
  Male 662 49.0 817 46.4 892 46.0 0.15
  Age, mean (±SD) 71.2 (13.3) 71.6 (13.5) 73.0 (13.8) <0.001†

    Male, Age, mean 68.9 (13.4) 68.3 (12.5) 69.6 (13.3) 0.11†

    Female, Age, mean 74.3 (12.9) 74.3 (13.6) 75.8 (13.5) 0.02†

    Age, 15-64 years 344 25.3 425 24.1 472 24.4 0.57
    Age, 65-74 years 366 26.9 499 28.3 445 23.0 0.005
    Age, 75-84 years 476 35.0 592 33.6 637 32.9 0.21
    Age, 85+ years 174 12.8 245 13.9 384 19.8 <0.001
  Ethnicity   
      NZ/European 1248 91.8 1532 87.0 1431 73.8 <0.001
      Māori 60 4.4 82 4.7 102 5.3 0.25
      Pacific Island 32 2.4 111 6.3 197 10.2 <0.001
      Asian/Other 20 1.5 36 2.0 162 8.4 <0.001
  Married/partnered 680 50.0 857 48.7 963 49.7 0.28
  Institutionalised 300 22.1 218 12.5 421 26.1 0.001
  Pre-stroke Dependency 414 30.4 423 24.1 431 23.3 <0.001
  Socio-economic status‡   
      High, 1-2 394 31.7 417 29.5 340 24.0 <0.001
      Medium, 3-4 604 48.6 755 53.4 826 58.4 0.33
      Low, 5-6 244 19.7 243 17.2 249 17.6 <0.001
Medical history     
  High blood pressure 700 51.5 910 51.7 1079 55.7 <0.001
  Blood Pressure Medication 640 47.5 763 53.4 943 52.1 0.02
  Myocardial infarction 156 11.5 288 16.4 240 12.4 0.55
  Stroke 330 24.3 456 25.9 477 24.6 0.91
  Diabetes mellitus 134 9.9 236 13.4 329 17.0 <0.001
  Current smoker 374 27.5 411 23.3 241 12.4 <0.001
  BMI, mean (±SD) 23.7 (4.6) 24.1 (4.9) 25.6 (5.9) <0.001†

    Normal (BMI <25) 864 67.1 918 62.0 635 53.0 <0.001
    Overweight (BMI 25-30) 330 25.6 417 28.2 344 28.7 0.08
    Obese (BMI >30) 94 7.3 145 9.8 219 18.3 <0.001
  Vascular Risk Index   
      0 306 22.5 340 19.3 438 22.6 0.73
      1 524 38.5 684 38.8 699 36.1 0.12
      ≥ 2 530 39.0 737 41.9 801 41.3 0.21
* p-value calculated using Cochran-Armitage trend test 
† p-value calculated using ANOVA 
‡ Socioeconomic status measured using Elley-Irving for 1981-1982393 and 
NZSEI for 1991-1992 and 2002-2003.395 
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A non-linear increase in the proportion of patients who lived in institutional 

care was found over time.  However, the proportion of patients dependent on 

others for performing activities of daily living before their stroke declined, 

indicating that the overall health of the population before their strokes was 

relatively stable over time.  There were significant increases in the proportion 

of patients reporting that they had a history of hypertension, over 50% of 

patients.  This is likely to be an underestimate as it does not take into account 

newly diagnosed hypertension at the time of the stroke.  It was found that the 

proportion of patients with uncontrolled hypertension, patients reporting a 

history of high blood pressure but were not taking anti-hypertensive 

medication at the time of stroke, was relatively low across the studies (1981-

1982: 4.9%; 1991-1992:9.7%; and 2002-2003:6.4%).  There were significant 

increases in mean BMI across the studies with increases in the proportion of 

patients with diabetes from 10% to 17%.  The proportion of patients with a 

BMI of <25 declined significantly, where the proportion of obese patients (BMI 

≥ 30) increased across the three studies.  There were significant declines in 

the proportion of current smokers (from 28% in 1981-1982 to 14% in 2002-

2003), with a halving of the proportion of smokers between 1991 and 2002.  

The proportion of patients with a history of heart disease or stroke were 

relatively stable across the three studies, as was the proportion of patients 

reporting one or more vascular risk factors at the time of their stroke. 

5.2.1. Trends in Acute Management 

Data on the acute management of stroke patients were limited across the 

three studies due to differences in data collection over the three time points.  

Table 5.6 shows changes in the acute management and care of stroke 

patients across the three studies.  There were improvements in the time that 

people took to first seeking medical attention after their stroke (ringing their 

GP or ambulance service or admission to hospital), with a trend towards 

increasing numbers of patients seeking medical attention within three hours 

after their stroke.  However, there were large proportions of missing data for 

this variable in the 1991 and 2002 studies, as data on the time of stroke onset 

was missing.  The increasing proportions of patients seeking medical attention 

within three hours after their stroke, and increases in the proportion of patients 
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admitted to hospital across the three studies, may reflect improvements in the 

knowledge of the general population about stroke and the importance of 

getting to the hospital as soon after the event as possible, enabling them to 

receive such treatments as the new thrombolytic therapies.   

The proportion of patients having a stroke as a direct consequence of recent 

surgery increased over time, however, it was not possible to check what type 

of surgery the stroke followed across the three studies.  In the 2002-2003 

study, 17% of the strokes following surgery occurred within 4 weeks after 

coronary bypass surgery.  The increases in the proportion of patients 

receiving neuroimaging through CT or MRI scans, from 21% in 1981-1982 to 

88% in 2002-2003, reflect the increased availability of these scans in 

hospitals.  Declines in the number of deaths being autopsied reflects 

increased diagnostic accuracy for death.  Therefore, trends in acute 

management appear to have improved over time, with patients seeking 

medical attention earlier and increases in the proportion of patients being 

admitted to hospital and receiving some form of neuroimaging. 

 

.
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Table 5.6  Trends in acute management of stroke patients in the three ARCOS studies. 

  1981-1982 1991-1992 2002-2003 Test for
 (n=1360) (n=1761) (n=1938) trend 

 n % n % n % P value*
Time to Medical Attention, hrs 
     Median (IQR) 3.0 (8) 1.0 (7) 1.5 (6) <0.001†

     0 – 3 hours 444 51.3 691 62.9 598 61.3 <0.001

     3 – 6 hours 138 15.9 117 10.7 105 11.3 0.003

     6 – 12 hours 118 13.6 59 5.4 80 8.6 <0.001

     12 – 24 hours 72 8.3 71 6.5 82 8.8 0.66 

     > 24 hours 94 10.9 161 14.7 65 7.0 0.006

  Hospital admission 878 64.6 1276 72.5 1757 90.7 <0.001

  Stroke after surgery 38 2.8 45 3.5 114 6.0 <0.001

      

Management      

  Neuroimaging, CT/ MRI 162 21.0 541 30.7 1694 87.6 <0.001

  Lumber Puncture 60 7.8 56 4.4 20 1.0 <0.001

  Autopsy 142 24.2 41 6.5 24 1.2 <0.001

* p-value calculated using Cochran-Armitage trend test 
† p-value calculated using Brown Mood test for median scores 
% does not include missing values 
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5.3. Trends in Attack Rates 

Event and incidence rates of stroke were calculated overall, and by age group 

(15-64, 65-74, 75-84 and 85 years or older) and sex.  Crude event and 

incidence rates by age and sex are presented in Table 5.7 and Figure 5.2 

(detailed 10-year age- and sex-specific crude rates are presented in the 

Appendix 5 and 6, respectively).  Crude rates of stroke increased with age 

increasing within all three studies (Figure 5.2, bottom), and for both male and 

female stroke patients.  Generally, rates of stroke in males were higher than 

females at most ages, with the exception of the older age groups in the 1991-

1992 and 2002-2003 studies.  Age specific rates were typically highest in the 

1981-1982 study and declining over time.  However, significant downward 

trends were observed across the three studies in event and incidence rates 

for patients aged between 75 and 84 years.  The crude rates for females and 

overall strokes increased slightly from 1981-1982 to 1991-1992, then declined 

in 2002-2003 (Table 5.7 and Figure 5.2, top).  This may be attributed to either 

over sampling/registration of females or under registration/sampling of males 

in the 1991-1992 study, however the proportion of males did not change over 

the study periods.  An increase in the proportion of females in the 85 years 

and older age group in the 1991-1992 study compared to males (1981-1982, 

75% females aged ≥ 85 years; 1991-1992, 83%, 2002-2003, 76%) was found, 

which may explain part of the increase in rates in the 1991-1992 study.  

Overall crude incidence and event rates declined significantly across the three 

studies, however, the trend was not linear, due to the increases in female 

rates in the 1991-1992 study.  Significant, linear declines were found in males 

over time and not females.   
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Figure 5.2  Plots of crude incidence and event rates by age and sex across 

the three studies (top), and age specific rates by study (bottom). 
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Table 5.7  Age-, sex- and overall crude stroke incidence and event rates per 100,000 population in Auckland, New Zealand, 1981-

2003. 

  1981-1982 1991-1992 2002-2003 Test for 
trend 

 N n Rate (95% CI) N n Rate (95% CI) N n Rate (95% CI) P value
Incidence         
 Age group              
  15-64 518112 286 55 (46-64)  624828 347 56 (48-63)  788106 391 50 (45-55) 0.14 
  65-74 49812 260 522 (432-612)  56388 373 661 (564-759)  59454 336 565 (508-629) 0.44 
  75-84 22965 350 1524 (1298-1750)  31701 412 1300 (1139-1460)  37815 438 1158 (1055-1272) <0.001 
  85+ 5691 134 2355 (1791-2918)  8541 173 2026 (1684-2367)  12507 258 2063 (1826-2331) 0.28 
 Male  289002 510 176 (155-198)  348816 587 168 (150-186)  427155 667 156 (145-168) 0.03 
 Female 307578 520 169 (149-190)  372642 718 193 (179-207)  470727 756 161 (150-172) 0.20 
 Overall 596580 1030 173 (158-188)  721458 1305 181 (168-194)  897882 1423 158 (150-167) 0.02 
            

Events            
 Age group                    
  15-64 518112 350 68 (58-78)  624828 433 69 (61-77)  788106 484 61 (56-67) 0.13 
  65-74 49812 380 763 (654-871)  56388 512 908   (795-1021)  59454 460 774 (703-844) 0.97 
  75-84 22965 498 2169 (1899-2438)  31701 611 1927 (1730-2125)  37815 667 1764 (1630-1898) <0.001 
  85+ 5691 178 3128 (2478-3778)  8541 247 2892 (2460-3324)  12507 390 3118 (2809-3428) 0.85 
 Male  289002 690 239 (214-264)  348816 835 239 (218-261)  427155 918 215 (201-229) 0.03 
 Female 307578 716 233 (209-257)  372642 968 260 (239-281)  470727 1083 230 (216-244) 0.55 
 Overall 596580 1406 236 (218-253)  721458 1803 250 (235-265)  897882 2001 223 (213-233) 0.05 

N=Auckland census population denominator, n=number of stroke patients, CI=confidence interval 
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Table 5.8 presents overall and age- and sex-specific stroke incidence and 

event rates for the three studies, age-standardised, using the direct method, 

to the WHO world population.  As shown in the crude rates, age standardised 

rates were higher in males compared with females.  The ratio of rates in 

males to females did not change significantly across the three study periods 

(incidence, male/female: 1981, 1.38 [95% CI 1.16-1.65]; 1991, 1.16 [95% CI 

1.01-1.34]; 2002, 1.26 [95% CI 1.13-1.40]).  This ratio was highest in males 

for all ages, except the oldest age group.  Sex-specific differences in temporal 

trends in rates were found.  A decline in stroke incidence of 16% (95% CI, 2% 

to 27%) was found for males between 1981-1982 and 2002-2003, with a 

decline of 14% (95% CI, 2% to 24%) in event rates (Figure 5.3).  For females, 

rates increased from 1981-1982 to 1991-1992 and then declined in 2002-

2003, producing a non-significant change in rates between the beginning and 

end of the study period.  There were, however, significant changes in 

standardised incidence rates for females from 1991-1992 to 2002-2003 14% 

(95% CI, 2% to 24%), indicating a decline over the last decade, which may be 

influenced by the over-representation of females in the 1991-1992 study 

shown in the crude rates.  As shown in crude rates there were significant 

declines in age standardised rates from 1981-1982 to 2002-2003 for the age 

group 75 to 84, which was influenced by significant changes in males in this 

age group.  However, no significant difference was found when testing for 

heterogeneity between the age groups (p=0.96), so this difference in the 75 to 

84 year age group may be due to chance.   
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Table 5.8  Age- and sex-specific annual stroke rates (per 100,000 age-standardised to the WHO world population) in Auckland, 

New Zealand, 1981-2003. 

 1981-1982 1991-1992 2002-2003 Rate Ratio Annual 
Incidence n Rate (95% CI) n Rate (95% CI) n Rate (95% CI) 1991-92:1981-82 2002-03:1991-92 % change 
Age group               
  15-64 286 49 (42-58) 347 49 (43-56) 391 44 (40-49) 1.01 (0.82-1.24) 0.89 (0.76-1.05) -0.48 
  65-74 260 37 (31-43) 373 46 (40-54) 336 40 (36-44) 1.27 (1.01-1.59) 0.85 (0.71-1.03) 0.58 
  75-84 350 50 (43-58) 412 43 (38-48) 438 38 (35-42) 0.85 (0.70-1.03) 0.89 (0.76-1.04) -1.22* 
  85+ 134 20 (16-26) 173 17 (15-20) 258 18 (16-20) 0.86 (0.64-1.15) 1.02 (0.83-1.25) -0.58 
Male  510 184 (163-209) 587 167 (150-185) 667 156 (144-168) 0.90 (0.77-1.06) 0.93 (0.82-1.06) -0.78* 
Female 520 133 (118-151) 718 143 (130-158) 756 124 (115-134) 1.08 (0.92-1.26) 0.86 (0.76-0.98) -0.28 
Overall 1030 156 (143-170) 1305 156 (145-167) 1423 139 (132-147) 1.00 (0.89-1.12) 0.90 (0.82-0.98) -0.50* 
Events      
Age group      
  15-64 350 60 (52-70) 433 62 (55-69) 484 55 (50-60) 1.03 (0.85-1.24) 0.89 (0.77-1.03) -0.42 
  65-74 380 53 (46-62) 512 64 (56-72) 460 54 (49-59) 1.19 (0.99-1.44) 0.85 (0.73-0.99) 0.20 
  75-84 498 71 (63-81) 611 63. (57-70) 667 58 (54-63) 0.89 (0.76-1.04) 0.92 (0.81-1.04) -0.93* 
  85+ 178 27 (22-33) 247 25 (21-29) 390 27 (24-29) 0.92 (0.72-1.19) 1.08 (0.90-1.29) 0.01 
Male  690 248 (223-276) 835 236 (216-258) 918 214 (200-228) 0.95 (0.83-1.09) 0.91 (0.81-1.01) -0.68* 
Female 716 181 (163-202) 968 190 (175-206) 1083 173 (162-184) 1.05 (0.91-1.20) 0.91 (0.82-1.01) -0.20 
Overall 1406 211 (196-228) 1803 213 (201-227) 2001 193 (185-202) 1.01 (0.92-1.11) 0.91 (0.84-0.98) -0.40* 

* significant change between 1981-1982 and 2002-2003 studies 
n=number of stroke patients, CI=confidence interval 
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Figure 5.3  Sex-, age- and sequence-specific stroke attack rate ratios (2002-2003 compared with 1981-1982).  *Rates were age-

standardised to the WHO world population and shown with 95% confidence intervals (CI). 
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Figure 5.3 illustrates the overall change in rates, over the study period from 

1981-1982 and 2002-2003, through rate ratios of age-standardised rates.  

There were modest declines in standardised incidence rates by 11% (95% CI, 

1% to 19%) and event rates 9% (95% CI, 0% to 16%), over the study period.  

However, as shown in the crude rates, these changes were not linear over the 

20 years with slight increases in rates in the 1991-1992 study and non-

significant changes in rates between the 1981-1982 and 1991-1992 studies.  

The overall declines were influenced by significant changes from 1991-1992 

to 2002-2003 in incidence 10% (95% CI, 2% to 18%) and attack rates 9% 

(95% CI, 2% to 16%).  No significant changes the rates of recurrent stroke 

were found across the study period.  Therefore, declines in event rates were 

influenced by changes in the incidence of stroke rather than changes in the 

recurrent rate of the disease. 

The annual percentage change in standardised rates was calculated to 

enable comparisons with previously published data.  There was a 0.5% 

annual decline in the rate of incident stroke across the study period, with large 

declines, up to 0.8% in males, compared 0.3% in females.  This supports the 

results of a significant decline in rates in males over the 21 years.  Similar 

trends were found across event rates.  These results fall within the confidence 

intervals of the systematic literature review presented in Chapter 3, Section 

3.3.5, -0.6% (95% CI, -2.0% to 0.7%). 

5.4. Discussion 

Overall declines in the incidence of stroke were found across three ideal 

stroke incidence studies conducted in Auckland, New Zealand, between 1981 

and 2002.  The largest declines were observed between the 1991-1992 and 

2002-2003 studies.  These results support previously reported trends in the 

incidence of stroke, with stable rates in the US and Europe in the 1980’s258, 330 

and declining rates from 1990 onwards.304, 321, 350  However, the magnitude of 

the decline in incidence in the current study was not nearly as large as that 

previously shown in two studies conducted in Oxford38 and Perth317 during 

similar time periods.  This could be due to the differences in the higher 

socioeconomic status of the Oxford and Perth populations, and the increasing 
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ethnic share of the Auckland population.  The annual declines in rates in 

Auckland over the 20 years were also found to be consistent with the declines 

found in the systematic review of trends in the incidence of stroke across ideal 

stroke incidence studies (Chapter 3).   

The declines in the rates of stroke were found to be significant in males and 

not in females.  These results were supported by the systematic review of 

trends in incidence across ideal stroke incidence studies (Chapter 3), where 

overall declines in rates were more likely due to steeper declines in males 

than females.38, 260, 316, 317, 320  However, in the MONICA project, larger 

declines were found in females, across a number of studies.37  The non-

significant in females across the ARCOS studies, were due to increasing rates 

from 1981-1982 to 1991-1992 and then declining in 2002-2003.  This may be 

attributed to either over-sampling or registration of female stroke patients, or 

under-sampling or registration of males in the older age groups in the 1991-

1992 study.  Although the proportion of males did not change over the study 

periods, there was a slight increase in the proportion of females in the older 

age group in the 1991-1992 study compared to males, which points to an 

over-registration of female stroke patients in this group.   

To what extent can the trends in stroke rates be accounted for by changes in 

the prevalence of known risk factors in Auckland?  On the basis of 

epidemiological data there is a strong, direct and near continuous association 

between stroke incidence and level of blood pressure.88, 89  This can be 

reversed within a few years of blood pressure lowering treatment, so non-

optimal control of blood pressure levels is considered the most important risk 

factor for stroke, accounting for almost two thirds of the global burden of 

stroke.99  There were higher proportions of stroke patients with a history of 

high blood pressure in the ARCOS studies compared to the general 

population,58 demonstrating the high risk of stroke associated with 

hypertension.  Although there was an increase in the proportion of stroke 

patients with a history of high blood pressure across the three ARCOS 

studies, these data are confounded by changes in diagnostic criteria for 

hypertension and a lowering in the threshold to commence treatment over 
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time.  There is some evidence of a decline in blood pressure levels, albeit 

within selected subsets of the New Zealand European population of 

Auckland.422, 423  The Oxfordshire study showed that declines in stroke rates 

were associated with favourable trends in pre-morbid blood pressure levels 

and use of blood pressure lowering medication.38  It was found that only a 

small proportion of patients who reported they had a history of high blood 

pressure were not on any anti-hypertensive medication before their stroke, 

indicating good control of blood pressure in the Auckland stroke population.  

However, many other studies have documented suboptimal levels of 

awareness and control of high blood pressure levels within communities,366 

and that control of blood pressure levels in high risk individuals explains only a 

small fraction of trends in stroke rates.287, 365  It has been argued that changes 

in the prevalence of smoking and hypertension explain part of the variation in 

stroke rates between populations424 and over time.370 

Trends in the other risk factors in the ARCOS studies are more reliable, but 

they are also more complex.  The halving in the proportion of stroke patients 

who were current smokers was offset by considerable increases in obesity 

and history of diabetes among stroke patients, from the 1981-1982 to 2002-

2003.  Large declines in the rates of smoking in this population occurred 

between 1991 and 2002, reflecting changes in the prevalence of smoking in 

the older population due to the success of anti-smoking campaigns run in New 

Zealand from 1985 onwards.425  Increases in the prevalence of diabetes and 

obesity have also been shown in the New Zealand population.113, 422, 426  

These data reinforce the burgeoning global impact of obesity and diabetes on 

cardiovascular disease and other health problems.427  It was also found that 

the proportion of patients with a history of myocardial infarction was stable 

over the study period, which supports other studies indicating that 

improvements in survival after acute myocardial infarction has not impacted 

adversely on stroke incidence.428   

Several limitations to these analyses should be discussed.  In order for these 

trends data to be reliable, it is crucial that there was consistency in the data 

acquisition methods across the three ARCOS studies, so that any variation in 
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the rates could not be attributed to artefacts of registration.  To ensure 

comparability of the data, standard clinical diagnostic criteria and case 

ascertainment procedures, fulfilling the criteria for ideal stroke incidence 

studies were used across the three studies.  The consistency of case 

ascertainment procedures across the three studies and the fulfilment of the 

MONICA criteria for high quality case ascertainment provide reassurance that 

the case ascertainment was high and reliable across the three studies.  The 

proportion of patients missed in the three studies, as estimated through 

capture recapture analyses decreased over time, which may reflect 

improvements in case ascertainment methods and hospitalisation for stroke.  

There has been much debate as to whether capture recapture should be used 

in epidemiological studies of chronic disease,275-278, 429 so the results should 

be interpreted with caution.  However, capture recapture techniques are 

becoming more common in estimating the completeness of stroke registers 

and adjusting incidence rates in stroke research.270, 279  A limitation of the 

capture recapture analysis is in the assumption of equal probability of a 

patient being captured, particularly in the 1991-1992 study, where a sampling 

procedure was used to identify non-hospitalised non-fatal strokes.  These 

patients had only a 25% chance of being included in the study (if their GP had 

been sampled), where hospitalised and fatal patients had a 100% chance of 

being included in the study.  However, the crude numbers (not adjusted for 

the sampling procedure) were used for these analyses, and it is likely that any 

error is likely to be small. 

The sampling methods and case ascertainment procedures used in the first 

two studies may have lead to under-estimates of the number of patients in 

these study periods.  Conversely, the increased availability of CT and other 

diagnostic techniques, higher rates of hospitalisation, and possibly greater 

awareness of stroke symptoms among the medical profession and general 

public, may have improved the detection of milder strokes in the most recent 

study.  It has been argued that the increased use of neuroimaging may be 

associated with the identification of smaller, less severe, haemorrhagic 

strokes.258  In the current analysis it was not possible to investigate trends 

among stroke subtypes, due to the low rates of imaging in the earlier studies.  
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However, consistent clinical diagnostic criteria, based on stroke signs and 

symptoms lasting for longer than 24 hours, were used to identify stroke 

patients across the three studies.  Therefore, it is unlikely that variations in the 

rate of stroke were due to the increased used of neuroimaging. 

It was shown in the current analysis that the trends in mortality across the 

ARCOS studies were similar to those from standard death data in New 

Zealand from the NZHIS.  This provides confidence in the consistency and 

accuracy in the recording of death data in New Zealand over time.  However, 

to measure the burden of stroke in a population, hospital and community 

based strokes, as well as information on all deaths need to be collected.  It is 

important that stroke is studied in a population-wide context using multiple-

overlapping sources of notification because many patients survive the acute 

phase with residual disability and a large proportion of the burden of care 

occurs outside of the hospital sector.  Moreover, changes in diagnostic coding 

practices and referral patterns can significantly distort trends derived solely 

from death and hospital-based data.  Yet, there are still few ideal population-

based stroke incidence studies that have investigated trends in the rate of 

stroke over time, when compared with the number of studies that use mortality 

or hospital-based register data. 

In showing modest declines in overall stroke incidence and attack rates in 

Auckland over two decades, this unique population-based series of stroke 

studies provides some feedback on the success of strategies to modify the 

risk of primary and secondary stroke on a background of structural and other 

changes in the population.  However, some positive changes in the profile of 

risk factors, such as fewer smokers at the time of stroke, were 

counterbalanced by increases in the frequency of patients with diabetes and 

obesity.  Efforts are needed to control the growing epidemic of stroke through 

the modification of risk factors such as blood pressure levels, smoking, 

obesity and diabetes.  It is important to identify high risk groups, where a 

disproportionate amount of the burden occurs, in order to target primary and 

secondary prevention strategies. 
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6. TRENDS IN ETHNIC DISPARITIES IN RATES 

Worldwide there is evidence that people from ethnic minority groups have 

poorer health status than White or European majority populations, including 

increased incidence and higher mortality rates for cardiovascular disease and 

stroke.13, 15, 16, 42, 59, 430, 431  The excess burden of stroke in African Americans 

in the US has been well documented.15  However, there has been limited data 

investigating at trends in stroke among ethnic minority groups.  Data from the 

US has shown declining stroke mortality trends in both African and white 

American’s over the past three decades, with no change in the ratio between 

ethnic groups.18  Recently, stroke trends have stabilised, with no difference in 

case fatality between the groups.43  Therefore, it has been argued that the 

excess stroke mortality in ethnic minority groups is due to excess incidence 

and not survival.41, 43  However, there is no data on ethnic disparities in stroke 

trends from ideal stroke incidence studies to support or refute these 

arguments. 

This chapter describes ethnic disparities in trends in stroke attack rates 

across the three ARCOS studies.  The first section examines ethnic 

disparities in baseline demographics and risk factor trends across the three 

studies.  The second section investigates ethnic disparities in trends in 

incidence and overall stroke event rates.  The third section explores ethnic 

disparities in stroke subtypes within the most recent ARCOS study (2002-

2003), which are discussed in the context of other population-based studies 

with ethnic disparate populations.  Finally, these results, and the strengths 

and weaknesses of these analyses are discussed within the context of current 

literature. 

6.1. Trends in Baseline Characteristics 

Investigating changes in demographic characteristics by ethnic group 

provides detailed information on how these groups have changed over the 

past 20 years, and how these changes may have influenced temporal trends 

in the rate of stroke.  As mentioned in Chapter 5, there was a significant 
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decline in the proportion of patients identifying as NZ/European ethnicity, with 

correspondingly increasing proportions of patients of other ethnic origins.  In 

particular, the proportions of Pacific and Asian & Other ethnic groups 

increased nearly 4- and 5-fold, respectively, over the study period, reflecting 

increases in immigration of these populations to Auckland.  Ethnic group or 

affiliation could not be identified in 46 patients in the 2002-2003 study, so 

these were set to missing.   

Table 6.1 presents baseline demographic, medical history and hospital 

management for the four ethnic groups (NZ/European, Māori, Pacific, and 

Asian & Other) across the three studies.  The majority of Pacific and Asian & 

Other ethnic groups were not born in New Zealand, reflecting the high 

immigration from these groups.  It could not be estimated from the data how 

long these people had lived in New Zealand.  Trends in demographic 

characteristics across the four ethnic groups were similar to those found in the 

overall population.  The average age of stroke patients increased over time in 

the NZ/European, Māori and Pacific ethnic groups.  However, Māori and 

Pacific populations had their strokes on average 10 years younger than 

NZ/European.  This corresponds to lower average age in Māori and Pacific 

populations, with shorter life expectancy than NZ/Europeans.383  NZ/European 

populations had higher social class than other ethnic groups, across the three 

studies.  While there were no significant changes in social class in the ethnic 

groups, there was a trend towards an increasing proportion of patients in the 

higher social class groups among ethnic minority groups over time.  The 

social class of the Asian & Other ethnic group grew to over 64% in the upper 

classes, reflecting the immigration of wealthier populations, however, there 

were small numbers in these groups, so the results should be interpreted with 

caution.   
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Table 6.1  Patient demographics, medical history and management by ethnic 

group, across the three studies. 

 1981-1982 1991-1992 2002-2003 Test for 
NZ/European (n=1248) (n=1532) (n=1431) trend 
 n % n % n % P value* 
Born in New Zealand 868 69.6 1095 72.1 1018 73.6 0.0233 
Demographics      
  Male 608 48.7 692 45.2 652 45.6 0.1131 
  Age, mean (±SD) 72.8 (12.8) 73.5 (12.1) 75.6 (12.5) <0.0001† 
  Married/partnered 624 50.0 727 47.5 696 48.6 0.5100 
  Social class, high (1-3) 680 59.4  700 57.3 651 59.1 0.8506 
Medical history      
  High blood pressure 632 50.6 802 52.7 783 57.7 0.0003 
  Myocardial infarction 146 11.7 273 17.9 190 13.5 0.2390 
  Stroke 314 25.2 404 26.4 361 25.2 0.9961 
  Diabetes mellitus 98 7.9 193 12.7 179 12.7 0.0001 
  Current smoker 330 26.7 330 21.7 162 12.7 <0.0001 
  BMI, mean (±SD) 23.3 (4.1) 23.7 (4.5) 24.7 (5.1) <0.0001† 
Management    
  Admission to hospital 790 63.3 1088 71.0 1284 89.7 <0.0001 
  Neuroimaging, CT/MRI 134 18.9 851 69.5 1236 86.4 <0.0001 
 1981-1982 1991-1992 2002-2003  
Māori (n=60) (n=82) (n=102)  
 n % n % n %  
Born in New Zealand 60 100 82 100 102 100 1.000 
Demographics        
  Male 28 46.7 40 48.8 43 42.2 0.5074 
  Age, mean (±SD) 56.7 (14.2) 55.0 (16.1) 60.7 (14.3) 0.0898† 
  Married/partnered 30 50.0 38 46.3 42 41.2 0.2600 
  Social class, high (1-3) 12 22.2 16 24.2 25 37.9 0.0519 
Medical history         
  High blood pressure 38 63.3 41 52.6 63 62.4 0.9163 
  Myocardial infarction 8 13.3 9 11.4 12 11.9 0.8134 
  Stroke 14 23.3 21 25.6 12 11.8 0.0397 
  Diabetes mellitus 20 33.3 19 24.7 35 34.7 0.6949 
  Current smoker 32 53.3 41 50.6 35 38.9 0.0675 
  BMI, mean (±SD) 28.6 (8.9) 28.3 (6.1) 29.8 (6.9) 0.4634† 
Management      
  Admission to hospital 48 80.0 73 89.0 99 97.1 0.0004 
  Neuroimaging, CT/MRI 18 50.0 65 83.3 99 97.1 <0.0001 
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Table 6.1  Patient demographics, medical history and management by ethnic 

group, across the three studies. 

 1981-1982 1991-1992 2002-2003 Test for 
Pacific (n=32) (n=111) (n=197) trend 

 n % n % n % P value* 
Born in New Zealand 0 0.0 2 1.8 4 2.1 0.4782 
Demographics   
  Male 22 68.8 67 60.4 88 44.7 0.0011 
  Age, mean (±SD) 55.8 (9.0) 59.7 (15.0) 64.5 (13.6) 0.0007† 
  Married/partnered 18 56.3 68 61.3 103 52.3 0.2700 
  Social class, high (1-3) 6 21.4 34 34.0 47 36.4 0.1840 
Medical history    
  High blood pressure 22 68.8 49 45.0 124 65.6 0.1208 
  Myocardial infarction 2 6.3 3 2.7 15 7.9 0.2353 
  Stroke 2 6.3 25 22.5 54 27.4 0.0146 
  Diabetes mellitus 12 46.2 16 15.1 69 36.1 0.1584 
  Current smoker 12 37.5 31 28.7 23 13.1 <0.0001 
  BMI, mean (±SD) 30.2 (5.5) 29.1 (7.3) 30.8 (7.7) 0.3698† 
Management   
  Admission to hospital 26 81.3 87 78.4 189 95.9 <0.0001 
  Neuroimaging, CT/MRI 6 42.9 74 77.9 180 91.4 <0.0001 

 1981-1982 1991-1992 2002-2003  
Asian & Other (n=20) (n=36) (n=162)  

 n % n % n %  
Born in New Zealand 4 20.0 0 0.0 4 2.6 0.0043 
Demographics    
  Male 4 20.0 18 50.0 87 53.7 0.0112 
  Age, mean (±SD) 72.9 (12.2) 65.6 (13.2) 65.9 (13.9) 0.3516† 
  Married/partnered 8 40.0 24 66.7 110 67.9 0.0400 
  Social class, high (1-3) 6 37.5 18 64.3 74 64.9 0.0739 
Medical history     
  High blood pressure 8 40.0 18 50.0 88 58.7 0.0839 
  Myocardial infarction 0 0.0 3 8.3 17 11.0 0.1248 
  Stroke 0 0.0 7 19.4 36 22.2 0.0205 
  Diabetes mellitus 4 20.0 8 22.9 40 26.1 0.4983 
  Current smoker 0 0.0 9 25.0 15 10.3 0.9803 
  BMI, mean (±SD) 22.9 (2.7) 22.5 (4.5) 25.6 (6.9) 0.0271† 
Management    
  Admission to hospital 14 70.0 28 77.8 157 97.5 <0.0001 
  Neuroimaging, CT/MRI 4 40.0 18 64.3 153 95.0 <0.0001 
*p-value calculated using Cochran-Armitage trend test 
†p-value calculated using ANOVA 
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Although, the proportion of current smokers declined in all ethnic groups, the 

proportional frequency remained high in Māori, as compared to the 

prevalence of smoking in the general New Zealand adult population (25%).432  

Rates of diabetes and BMI increased across all ethnic groups, with the 

highest rates continuing in Māori and Pacific populations.  The proportions of 

patients with a history of high blood pressure or previous heart disease were 

generally stable over time, with the exception of NZ/Europeans where the 

number reporting a history of high blood pressure increased across the study 

period.  There were declines in the proportion of patients with a history of 

stroke in Māori populations, with increases in Pacific and Asian & Other 

populations, which may reflect disparities in secondary prevention methods. 

Significant changes in the patterns of stroke management were also evident 

among ethnic groups.  Table 6.1 shows that the proportion of patients 

managed in hospital increased dramatically across the three studies, for all 

ethnic groups, with NZ/Europeans having the lowest and Māori the highest 

hospital admission rates, in each of the three studies.  This may reflect the 

higher rates of pre-stroke institutionalisation in the NZ/European group.  The 

proportion of patients receiving some form of neuroimaging (CT or MRI) also 

increased for all ethnic groups, from 19% in NZ/European (in 1981-1982) to 

97% in Māori (2002-2003), reflecting increasing hospitalisation rates and the 

introduction of neuroimaging technology in all major hospitals in the region. 

6.2. Trends in Attack Rates 

Overall event and incidence rates of stroke were calculated by age group (15-

64, 65-74, 75-84 and 85 years or older) and ethnicity.  Table 6.2 presents 

crude incidence rates by age and ethnicity for the three studies.  Crude event 

rates by age and ethnicity are presented in Appendix 7.  Incidence rates 

generally increased with increasing age across the studies, for all ethnic 

groups.  However, there were small numbers of patients in the older ethnic 

minority age groups in the earlier studies, producing wide confidence 

intervals, so the results should be interpreted with caution.  As shown in the 

overall rates of stroke (Chapter 5), rates in males were generally higher than 
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females, at most ages and across all ethnic groups.  In general, crude 

incidence rates were highest in NZ/European compared to other ethnic 

groups, which is counterintuitive since age-standardised rates are higher in 

ethnic minority groups.  This is due to the fact that there are higher rates of 

stroke in the older age groups in NZ/European, which have less weighting 

when standardised to an external population. 

There was an increase in crude rates from 1981-1982 to 1991-1992 in 

NZ/European stroke patients, which then declined to 2002-2003, reflecting the 

non-linear trend shown in Chapter 5.  This is due to increases in the 65-74 

age group in NZ/European and in the number of patients aged 75.  There was 

an overall decline in crude incidence rates in NZ/Europeans, with an annual 

decline of 0.2%.  Crude rates in Māori increased over the study period, with a 

change of 1.3% per annum.  Whereas, rates in Pacific populations increased 

dramatically between 1981-1982 and 2002-2003, with an annual increase of 

3%.  Rates in the Asian & Other ethnic group were varied, with declines from 

1981-1982 to 1991-1992, then increases to 2002-2003. 

To compare rates between ethnic groups and over time changes in the age 

structure of the populations need to be controlled for.  Therefore, the results 

are presented using two different methods of standardisation to enable 

comparisons of trends within ethnic groups over time and also between ethnic 

groups.  Indirect standardisation of ethnic specific rates was used to adjust for 

the age and sex structure of the 2001 Auckland population within each ethnic 

group, to investigate trends in the rate of stroke within the NZ/European, 

Māori, Pacific, and Asian & Other ethnic groups.  Whereas, direct age-

standardisation, using the WHO World population410 as the external reference 

population, was used to investigate disparities between ethnic groups and to 

enable comparisons with other published data.   
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Table 6.2  Age-specific crude first-ever (incident) stroke rates by ethnicity (per 100,000 population) in Auckland, New Zealand, 

1981-2003. 

  1981-1982 1991-1992 2002-2003 
Age group N n Rate (95% CI) N n Rate (95% CI) N n Rate (95% CI) 
NZ/European             

15-64 422202 224 53 (43-63) 459267 233 51 (42-59) 501426 222 44 (38-50) 

65-74 47481 238 501 (411-591) 52125 341 654 (552-756) 48633 219 450 (391-510) 

75-84 22209 342 1540 (1309-1771) 30303 387 1277 (1114-1441) 34332 378 1101 (990-1212) 

85+ 5577 130 2331 (1764-2898) 8253 167 2024 (1675-2372) 11790 233 1976 (1723-2230) 

Total 497469 934 188 (171-205) 549948 1128 205 (189-221) 596181 1052 176 (166-187) 

Māori             

15-64 52179 36 69 (37-101) 63762 48 75 (49-101) 77742 53 68 (50-87) 

65-74 1266 6 474 (-62-1010) 1344 3 223 (-29-476) 2292 22 960 (559-1361) 

75-84 336 4 1190 (-459-2840) 429 8 1865 (573-3157) 654 10 1529 (581-2477) 

85+ 51 0 0 (0-0) 72 2 2778 (-1072-6628) 144 4 2778 (56-5500) 

Total 53832 46 85 (51-120) 65607 61 93 (65-121) 80832 89 110 (87-133) 
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Table 6.2 Age-specific crude rates by ethnicity per 100,000 population of first-ever (incident) stroke events in Auckland, New 

Zealand, 1981-2003 

  1981-1982 1991-1992 2002-2003 
Age group N n Rate (95% CI) N n Rate (95% CI) N n Rate (95% CI) 
Pacific             

15-64 33672 20 59 (23-96) 64506 51 79 (55-103) 89724 66 74 (56-91) 

65-74 741 10 1350 (167-2532) 2025 21 1037 (481-1593) 3840 47 1224 (874-1574) 

75-84 213 0 0 (0-0) 597 12 2010 (402-3618) 1392 24 1724 (1034-2414) 

85+ 33 0 0 (0-0) 108 2 1852 (-715-4418) 246 3 1220 (-161-2599) 

Total 34659 30 87 (43-130) 67236 86 128 (96-160) 95202 140 147 (123-171) 

Asian & Other             

15-64 10059 6 60 (-8-127) 37293 15 40 (13-68) 119214 50 42 (30-54) 

65-74 324 6 1852 (-244-3947) 894 8 895 (-86-1875) 4689 42 896 (625-1167) 

75-84 207 4 1932 (-746-4611) 372 5 1344 (166-2522) 1437 21 1461 (836-2086) 

85+ 30 4 13333 (-5146-31812) 108 2 1852 (-715-4418) 327 7 2141 (555-3727) 

Total 10620 20 188 (72-305) 38667 30 78 (40-115) 125667 120 95   (78-1123) 
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Table 6.3 and Figure 6.1 present trends in ethnic-specific indirect 

standardised rates and the corresponding inverse of the standardised event 

ratios (SERs), adjusting the 1981-1982 and 1991-1992 rates to the age, sex 

and ethnic structure of the 2001 census population.  Rates declined by 19% 

among NZ/Europeans (incidence SER 0.81, 95% CI, 0.74 to 0.89; event SER 

0.81 95% CI, 0.76 to 0.88) between 1981-1982 and 2002-2003.  Most of this 

decline occurred between the 1991-1992 and 2002-2003 studies (incidence 

SER 0.83, 95% CI, 0.77 to 0.90; event SER 0.84, 95% CI, 0.78 to 0.89), 

mirroring the trends in overall rates shown in Chapter 5.  However, as in the 

crude rates, increasing trends were found in the Pacific populations, with 

trends in event rates increasing a remarkable 66% (event SER 1.66, 95% CI, 

1.11 to 3.25), over the study period from 1981-1982 to 2002-2003.  This 

change was not significant in incidence rates, or between 1991-1992 to 2002-

2003, indicating that this large increase in rates took place in the first decade 

of the three studies and in overall event rates.  Non-significant trends towards 

increasing rates were also found in Māori and declining rates in Asian & Other 

ethnic groups, however, the numbers of patients in these groups were small 

reflected in the extremely wide confidence intervals.  As shown in the crude 

rates the indirect standardised rates were highest in NZ/European patients, 

reflecting the older ethnic specific age structure of this population. 
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Table 6.3  Annual stroke attack rates (per 100,000) by ethnicity, indirect standardised to the Auckland 2001 population, adjusting 

for age, sex and ethnicity, in Auckland, New Zealand, 1981-2003. 

 
 1981-1982 1991-1992 2002-2003 Standardised Event Ratio* 

 n Rate (95% CI) n Rate (95% CI) n Rate (95% CI) 2002-03:1981-82 2002-03:1991-92 

NZ/European              

   Incidence 934 218   (198-238) 1128 213  (197-229) 1052 176 (166-187) 0.81 (0.74-0.89) 0.83 (0.77-0.90) 

  Event 1292 306 (282-329) 1572 298 (278-318) 1485 249 (237-262) 0.81 (0.76-0.88) 0.84 (0.78-0.89) 

Māori         

   Incidence 46 93   (55-131) 61 103   (73-134) 89 110 (89-136) 1.18 (0.84-2.00) 1.06 (0.82-1.51) 

   Event 62 127 (82-171) 82 140 (105-174) 104 129 (106-156) 1.02 (0.75-1.57) 0.92 (0.74-1.22) 

Pacific         

   Incidence 30 116   (57-175) 86 151  (113-189) 140 147 (125-173) 1.26 (0.84-2.56) 0.97 (0.78-1.30) 

  Event 32 128 (65-191) 113 202 (157-246) 202 212 (185-244) 1.66 (1.11-3.25) 1.05 (0.86-1.35) 

Asian & Other         

   Incidence 20 177   (67-287) 30 91  (47-135) 120 95 (80-114) 0.54 (0.33-1.42) 1.05 (0.71-2.01) 

  Event 20 173 (66-280) 36 110 (63-156) 163 130 (111-151) 0.75 (0.46-1.97) 1.18 (0.83-2.05) 

* 1/SER – inverse of the standardised event ratio 
n=number of stroke patients, CI=confidence interval 
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Figure 6.1  Ethnic-specific stroke incidence and attack rates, and event ratios 

(SER).  *Rates were age-, sex- and ethnicity- indirect standardised to the 

2001 Auckland population and shown with 95% CI. 
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Table 6.4 and Figure 6.2 present trends in direct age-standardised stroke 

rates for the ethnic groups.  Trends in direct standardised rates mirror those 

found using indirect standardisation with non-linear declines in NZ/Europeans 

and increasing rates for both Māori and Pacific peoples.  However, direct 

standardised event rates in Pacific patients increased over 100% (event RR 

2.16, 95%CI 1.18 to 3.96) across the study periods.  Rates in Pacific patients 

were the lowest in the 1981-1982 study, between the ethnic groups, growing 

to the highest in the 2002-2003 study.  There were however, small numbers of 

patients in the 1981-1982 study reflecting the small population living in the 

Auckland region at that time.  Direct standardised rates were typically higher 

in Māori and Pacific ethnic groups than NZ/Europeans and also compared to 

the crude and indirect standardised rates, which is due to the younger age 

structure of the WHO world population.  As Māori and Pacific people have 

their strokes on average 10 years younger than NZ/European more weight is 

placed on the strokes at younger ages.  In the 2002-2003 study, there were 

highly significant differences between all ethnic minority groups and 

NZ/European patients, with no overlap between confidence intervals 

(discussed further in Section 6.3). 
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Table 6.4  Annual stroke attack rates (per 100,000) by ethnicity, direct age-standardised to the WHO world population, in Auckland, 

New Zealand, 1981-2003. 

 

 1981-1982 1991-1992 2002-2003 Rate Ratio 

 n Rate (95% CI) n Rate (95% CI) n Rate (95% CI) 2002-03:1981-82 2002-03:1991-92 

NZ/European              

   Incidence 934 153 (139-167) 1128 150 (139-163) 1052 124 (116-132) 0.81 (0.69-0.95) 0.83 (0.71-0.96) 

  Event 1292 209 (193-226) 1571 206 (193-220) 1485 171 (162-180) 0.82 (0.71-0.94) 0.83 (0.72-0.95) 

Māori              

   Incidence 46 134 (78-229) 61 168 (116-241) 89 202 (157-259) 1.51 (0.83-2.73) 1.20 (0.77-1.87) 

   Event 62 192 (122-304) 82 254 (188-341) 104 247 (196-312) 1.28 (0.77-2.15) 0.97 (0.67-1.42) 

Pacific              

   Incidence 30 147 (80-270) 86 225 (163-310) 140 218 (183-261) 1.48 (0.79-2.78) 0.97 (0.67-1.40) 

  Event 32 153 (85-274) 113 291 (220-385) 202 329 (284-382) 2.16 (1.18-3.96) 1.13 (0.82-1.55) 

Asian & Other              

   Incidence 20 360 (185-702) 30 158 (92-271) 120 166 (137-203) 0.46 (0.23-0.93) 1.05 (0.59-1.86) 

  Event 20 360 (185-702) 36 194 (122-310) 163 234 (197-277) 0.65 (0.33-1.29) 1.20 (0.73-1.98) 
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Figure 6.2  Trends in ethnic-specific stroke event rates, by period of ARCOS study.  Rates were direct age-standardised to the 

WHO World population and shown with 95% CI. 
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The disparities in rates between the ethnic groups grew over time.  Table 6.5 

presents the ratio of direct standardised rates for the ethnic minority groups in 

comparison to the NZ/European population.  This ratio increased over time as 

rates diverged, with declines in NZ/European populations and increasing rates 

in Māori and Pacific populations across the three studies.  The difference 

between the NZ/European population and all ethnic minority groups were 

highly significant in the 2002-2003 study.  The disparity was highest between 

Pacific and NZ/European event rates, with the ratio of rates in the Pacific 

group almost double that in NZ/European (1.93, 95%CI 1.65-2.26) in 2002-

2003.   

 

 

Table 6.5  The ratio of direct age-standardised rates (to the WHO World 

population) of ethnic minority groups compared to NZ/European, by study 

period. 

 1981-1982 1991-1992 2002-2003 
 Ratio (95% CI) Ratio (95% CI)  Ratio (95% CI) 

Incidence Rates        

  Māori v NZ/E* 0.87 (0.51-1.51) 1.12 (0.77-1.62)  1.63 (1.26-2.11) 

  Pacific v NZ/E 0.96 (0.52-1.78) 1.50 (1.07-2.09)  1.76 (1.46-2.13) 

  Asian & Other v 
NZ/E 2.36 (1.20-4.62) 1.05 (0.61-1.82)  1.34 (1.09-1.65) 

Event Rates       

  Māori v NZ/E 0.92 (0.58-1.46) 1.23 (0.91-1.67)  1.45 (1.14-1.84) 

  Pacific v NZ/E 0.73 (0.40-1.32) 1.41 (1.06-1.88)  1.93 (1.65-2.26) 

  Asian & Other v 
NZ/E 1.72 (0.88-3.37) 0.94 (0.59-1.51)  1.37 (1.15-1.63) 

* NZ/E – NZ/European 
CI = confidence interval 
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6.3. Ethnic Disparities in Stroke Subtypes in 2002-

2003 

There is limited population-based data on ethnic disparities in the incidence of 

major pathological stroke types and ischaemic stroke subtypes.  Unfortunately 

due to small numbers in ethnic minority groups and low rates of neuroimaging, 

temporal trends in stroke subtypes could not be investigated in this study.  

However, ethnic disparities in the pathological and ischaemic stroke subtypes 

could be explored within the most recent ARCOS study conducted in 2002-

2003, as there were high rates of imaging and subtype classification of stroke.  

The Māori and Pacific ethnic groups were combined in this analysis, due to 

small numbers of patients per subgroup.  A total of 1423 incident stroke 

patients were included in this analysis: 667 men (47%; mean age 68.7 years, 

standard deviation [SD] 13.7); and 756 women (mean age 74.6 years [SD 

14.3]); 1052 (75%) NZ/European; 229 (16%) Māori & Pacific; and 120 (9%) 

Asian & Other ethnic groups.  There were 22 incident stroke patients with 

missing ethnicity information.  CT or MRI brain scans were typically conducted 

within the first week of stroke onset, with 1296 (91%) of the 1423 patients 

providing reliable diagnostic classification of stroke subtypes.   

Significantly more Māori & Pacific (97%) and Asian & Other (98%) incident 

stroke patients were admitted to hospital for their stroke than NZ/European 

(92%).  Of those patients admitted to hospital ethnic minority groups had 

longer lengths of stay in hospital than NZ/Europeans (Māori & Pacific [mean 

10.7 days, SD 10.5]; Asian & Other [mean 11.1, SD 9.7]; NZ/European [mean 

8.6, SD 8.7]).  However, the frequency of investigations (CT, MRI, 

angiography, echocardiography, carotid artery ultrasound) did not differ 

significantly between the ethnic groups. 
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Table 6.6  Frequency of first-ever pathological stroke type and ischaemic stroke subtype, overall and by ethnic group, for the 2002-

2003 ARCOS study. 

 Overall NZ/European Māori & Pacific Asian & Other Chi-sq 

 n % n % n % n % p-value* 

Pathological type  

  Ischaemic 1032 72.5 770 73.2 165 72.1 84 70.0 0.7341 
  PICH 177 12.4 111 10.6 39 17.0 26 21.7 0.0002 
  SAH 87 6.1 62 5.9 17 7.4 6 5.0 0.5961 
  Undetermined 127 8.9 109 10.4 8 3.5 4 3.3 0.0003 
Ischaemic Subtype  

  Atherothrombotic 59 5.7 49 6.4 7 4.2 2 2.4 0.2222 
  Cardioembolic 303 29.4 224 29.1 60 36.4 15 17.9 0.0096 
  Lacunar 116 11.2 85 11.0 16 9.7 13 15.5 0.3789 
  Other ischaemic 30 2.9 21 2.7 6 3.6 3 3.6 0.7714 
  Undetermined 524 50.8 391 50.8 76 46.1 51 60.7 0.0913 

* Chi-square p-value for a difference between ethnic groups 
n=number of stroke patients, PICH = Primary Intracerebral Haemorrhage, SAH = Subarachnoid Haemorrhage 
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6.3.1. Pathological types of stroke 

Pathological type of stroke was documented by CT/MRI/autopsy or lumbar 

puncture (for SAH only) findings in 1296 patients.  Table 6.6 shows that 

Ischaemic stroke occurred in 1032 patients (73%), PICH in 177 (12%), SAH in 

87 (6%), and subtype was undetermined in 127 (9%).  There was no difference 

in the proportion of ischaemic strokes between the ethnic groups, with over 

70% in all groups.  However, the proportions of PICH were significantly higher 

in ethnic minority groups compared to NZ/European, especially in the Asian & 

Other populations.  

Table 6.7 presents crude and direct age-standardised rates of pathological 

type of stroke by ethnic group.  Age-standardised rates for the Māori & Pacific 

and Asian & Other ethnic groups were inflated compared to the crude rates, 

due to the younger age structures of these populations.  Figure 6.3 (top) 

shows RRs of age-standardised rates for stroke subtypes in the ethnic groups, 

using the NZ/European population as the reference group.  Māori & Pacific 

and Asian & Other ethnic groups had higher rates of ischaemic stroke than 

NZ/European (Māori & Pacific RR 1.7; 95% CI 1.4 to 2.0; Asian & Other RR 

1.3; 95% CI 1.0 to 1.7) as well as higher rates of PICH (Māori & Pacific RR 

2.7; 95% CI 1.8 to 4.0; Asian & Other RR 2.3; 95% CI 1.4 to 3.7).  There were 

no differences in the rates of SAH and undetermined stroke type between the 

ethnic minority groups and NZ/European.  There were also no substantial 

differences in the rates of any stroke pathological type between the Māori & 

Pacific and Asian & Other ethnic groups. 
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Table 6.7  Stroke incidence rates (per 100,000) by pathological stroke type, overall and by ethnic group, in Auckland, New 

Zealand in 2002-2003. 

 Ischaemic  PICH  SAH  Undetermined 
Ethnicity n Rate (95%CI) n Rate (95%CI)  n Rate (95%CI) n Rate (95%CI) 

Overall                
   Crude 1032 115 (108-122) 177 20 (17-23)  87 10 (8-12) 127 14 (12-17) 
   Standardised*  102 (96-108) 18 (15-21)  9 (8-12) 10 (9-12) 

NZ/European            
   Crude 770 129 (120-139) 111 19 (16-22)  62 10 (8-13) 109 18 (15-22) 
   Standardised*  92     (85-99) 13 (11-16)  10 (7-12) 10 (8-12) 

Māori & Pacific            
   Crude 165 94 (81-109) 39 22 (16-30)  17 10 (6-16) 8 5 (2-9) 
   Standardised*  155 (131-184)  35 (25-50)   10 (6-16)  12 (6-25) 

Asian & Other     
   Crude 84 67 (54-83) 26 21 (14-31)  6 5 (2-11) 4 3 (1-8) 
  Standardised*  122 (96-154)  30 (20-46)   6 (3-14)  9 (3-24) 

n=number of stroke patients, CI = confidence interval 
PICH = primary intracerebral haemorrhage, SAH = subarachnoid haemorrhage 
*Age-standardised to the WHO world population 
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Figure 6.3  Rate ratios (RR) of age-standardised incidence rates of 

pathological stroke types (top) and ischaemic stroke subtypes (bottom) by 

ethnicity in Auckland, New Zealand 2002-2003. 
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6.3.2. Ischaemic stroke subtypes 

Ninety-eight percent of ischaemic stroke patients were managed in hospital, and for 

determination of aetiological subtypes of ischaemic stroke, the following investigations were 

carried out: electrocardiography in 98% of patients, echocardiography in 13% (including 

transoesophageal echocardiography in 2%), carotid artery ultrasound examination in 13%, 

and MR angiography in 4%.  The frequency of these investigations did not differ significantly 

between the ethnic groups.  Of the 1032 patients with ischaemic stroke, 59 (6%) were 

atherothrombotic; 303 (29%) embolic, 116 (11%) lacunar; 30 (3%) were caused by other 

determined causes; and in 524 (51%) the exact cause of the ischaemic stroke remained 

unknown (or were of potential mixed aetiologies).  There were high proportions of 

undetermined ischaemic stroke subtype, indicating that although an ischaemic stroke 

occurred, it could not be attributed to a single factor.   

Table 6.6 presents the proportions of atherothrombotic, cardioembolic, lacunar, other 

determined cause or unknown aetiology of ischaemic stroke, by ethnic group.  No substantial 

ethnic differences were found in the risk of atherothrombotic stroke and ischaemic stroke due 

to other determined causes.  However, Māori & Pacific populations were particularly prone to 

cardioembolic strokes, with significantly higher prevalence than NZ/European and Asian & 

Other ethnic groups.  Whereas, the risk of lacunar stroke was highest, though not statistically 

significantly, in the Asian & Other ethnic group.  Table 6.7 and Figure 6.3 (bottom) show the 

age-standardised rates and RRs of ischaemic stroke subtypes by ethnicity.  Compared to 

NZ/Europeans, Māori & Pacific patients had 116% higher risk of cardioembolic stroke (RR 

2.6, 95% CI 1.9 to 3.6).  Both Māori & Pacific and Asian & Other ethnic groups had 

significantly higher risk of ischaemic stroke due to undetermined causes compared to 

NZ/European, (Māori & Pacific RR 1.7, 95% CI 1.41 to 2.04; Asian & Other RR 1.33, 95% CI 

1.04 to 1.70). 
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Table 6.8  Incidence rates for ischaemic stroke subtypes by ethnic group (per 100,000), in Auckland, New Zealand 2002-2003. 

 Atherothrombotic Embolic  Lacunar Other Undetermined 

Ethnicity n Rate (95%CI) n Rate (95%CI)  n Rate (95%CI) n Rate (95%CI) n Rate (95%CI) 

Overall        

   Crude 59 7 (5-9)  303 34 (30-38)  116 13 (11-16)  30 3 (2-5)  524 58 (54-64) 

   Standardised*  6 (5-8)  29 (26-32)  12 (10-14)  3 (2-4)  52 (48-57) 

NZ/European         

   Crude 49 8 (6-11)  224 38 (33-43)  85 14 (12-18)  21 4 (2-5) 391 66 (59-72) 

   Standardised*  7 (5-10)  25 (21-28)  11 (9-13)  3 (2-4) 47 (42-52) 

Māori & Pacific         

   Crude 7 4 (2-8)  60 34 (27-44)  16 9 (6-15)  6 3 (2-8) 76 43 (35-54) 

   Standardised*  5 (2-11)  65 (49-85)  12 (7-22)  5 (2-12) 68 (53-88) 

Asian & Other         

   Crude 2 2 (0-6)  15 12 (7-20)  13 10 (6-18)  3 2 (1-7) 51 41 (31-53) 

   Standardised*  2 (1-10)  25 (14-42)  17 (10-32)  2 (1-7) 76 (56-102)

n=number of stroke patients, CI = confidence interval 

*Age-standardised to the WHO world population 
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6.3.3. Comparison to Other Population-Based Studies 

These results, from the most recent ARCOS study were compared to other 

population-based studies with a large ethnic minority population, which 

loosely fit the criteria for an ‘ideal’ stroke incidence study.  To date there were 

only three comparable published population-based stroke incidence studies 

that have investigated ethnic disparities in a defined population.  Two studies 

from the US, the Northern Manhattan Stroke (NOMAS) study and the Greater 

Cincinnati/Northern Kentucky Stroke (GCNKS) study, and one study from the 

United Kingdom, the South London Stroke Register (SLSR).  The NOMAS 

study is unique in that it has a large Hispanic population and allows 

investigations into disparities in the three major ethnic groups in the US, 

whites (22%), African Americans (13%) and Hispanics (64%).  The NOMAS 

study is an ongoing register of all strokes occurring in Northern Manhattan 

from 1993-1997, checking all hospitals, community centres, rest homes and 

deaths in the region.59, 73, 433, 434  The GCNKS study was designed to 

investigate the differences in stroke incidence rates and case fatality in the 

biracial population of the greater Cincinnati metropolitan area which has a 

large African American population (29%).42, 43, 167, 435, 436  Hospital discharge 

lists from 19 hospitals in the study region for any diagnosis of stroke (or 

similar), as well as coroners reports and death certificates were screened 

retrospectively and non-hospitalised non-fatal cases of stroke were identified 

through monitoring hospital emergency departments, private hospitals, public 

health clinics and sampling 6% of family physicians and 15% of nursing 

homes.  A pilot phase of the GCNKS study collected information on all 

hospitalised and autopsied strokes in African Americans for six months before 

the main phase from 1 July 1993 to 30 June 1994.42  The SLSR is a 

continuing register of all strokes in southern London using prospective data 

collection to collect cases from five hospitals, all GPs and community 

therapists within and around the study region, as well as from death 

certificates.16, 93, 168, 437  Over the first two years of study, from 1995 to 1996, 

the SLSR registered 489 white (80%), 102 black (of which the majority were 

African-Caribbean) (17%), and 21 from other ethnic groups (3%).168 
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Information and data was extracted from published data for the three studies, 

and where possible incidence rates were recalculated using the age groups 

<25, 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, 85+ years and re-standardised 

using the age structure of the WHO world population.410  The relative ratio of 

standardised rates for minority groups (African Caribbean and Other ethnicity 

in SLSR, African American and Hispanic in NOMAS, African American in 

GCNKS, and Māori and Pacific in ARCOS) compared to the majority, white or 

European populations were calculated to examine disparities between ethnic 

groups in the three studies compared to the ARCOS 2002-2003 study.  This 

method removes the effect of the magnitude of the rates caused by different 

methods of standardisation.  The prevalence of a number of vascular risk 

factors by ethnic groups was also extracted from published data. 
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Figure 6.4  Ethnic disparities in age-standardised incidence rates of stroke, 

per 100,000 (standardised to the WHO world population) in four population-

based stroke incidence studies. 
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Figure 6.4 shows the ethnic specific age-standardised incidence rates for the 

four studies.  Minority groups, in all studies, had the highest rates of incident 

stroke, with the highest rates overall in the Cincinnati and Kentucky region.  

Rates in Hispanics in the NOMAS study were slightly less than in the African 

American group and, as shown previously, the standardised rates in Māori 

and Pacific population in Auckland were similar, but were higher than the 

NZ/European group.  The high rates of stroke in African Americans in the 

GCNKS study could be an artefact of the published data, as the published 

incidence rates for this study were also adjusted for the sex distribution in the 

population, and the over-sampling of African Americans may have over-

inflated the rates.  Overall, the rates in the NOMAS study were lower 

compared to the other studies as they were originally standardised by age, 

sex and ethnicity and the age structure of the NOMAS study was slightly older 

than the other studies leading to a deflation of standardised rates.  The 

standardised rates presented here were similar to the rates presented in the 

published papers of these studies.  However, the rates in the GCNKS and 

ARCOS studies were slightly over-inflated compared to published results due 

to the different age-groups used for standardisation.     

Figure 6.5 shows that stroke incidence rates in ethnic minority groups were 

approximately double that of the white/European ethnic group, across all four 

studies.  The ratio between white and other ethnic groups in South London 

was much lower compared to the other studies, which may be due to small 

numbers in this ethnic group.  Ethnic minority groups also had higher rates of 

ischaemic stroke and PICH than white/European populations, with around 

double the rate of stroke across the four studies.  No differences between the 

ethnic groups in SAH were found, which may have been due to small 

numbers of this subtype across all ethnic groups.  The NOMAS study reported 

that African Americans and Hispanics had 1.5 to 5 times higher rates of most 

ischaemic stroke subtypes compared with white Americans, who had a 

significantly greater proportion of cardioembolic stroke than Hispanics and 

African Americans.434  Whereas, the GCNKS study found a trend towards 

more cardioembolic strokes in African Americans, which is in line with the 

findings from the current ARCOS study.167, 436   
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Figure 6.5  Ratio of age-standardised stroke incidence rates in ethnic minority 

groups (Black, Māori, Other, Hispanic, Pacific) compared to the majority 

white/European population, in four population-based stroke incidence studies. 

 
The disparities in stroke subtypes between ethnic groups may be due to 

different risk factor profiles between ethnic groups.  The distribution of 

vascular risk factors, hypertension, ischaemic heart disease, AF, diabetes and 

smoking were varied within the ethnic groups for the four studies.  Higher 

rates of hypertension and diabetes were found in ethnic minority groups 

compared to white or European populations, which may be related to the 

higher rates of PICH in the ethnic minority groups.  Higher rates of heart 

disease or AF in the white/European groups were typically found in the four 

studies.  However, no large differences were found in the prevalence of major 

risk factors in the GCNKS study.167  The results for smoking were varied 

across the four studies with higher rates of smoking in whites in South 

London, African Americans in Cincinnati and Māori smoking more in New 

Zealand.  



 

 184

6.4. Discussion 

The current analysis has shown encouraging declines in both stroke event 

and incidence rates, as well as in some associated risk exposures, among 

NZ/Europeans in Auckland over 20 years.  However, the doubling in event 

rates in Pacific peoples and ongoing high stroke rates in Māori, together with 

high frequencies of diabetes and obesity, indicate ongoing and increasing 

ethnic disparities in the burden of stroke in the Auckland population.  Trends 

in the rates of disease provide feedback in relation to recent primary and 

secondary stroke prevention strategies on a background of structural and 

lifestyle changes.  Therefore, these complex and divergent trends in ethnic-

specific rates and exposures provide mixed views regarding the future burden 

of stroke, both locally and regionally.   

The declines in rates among NZ/Europeans are consistent with trends found 

in the more homogeneous but older populations of Australia and Europe.38, 317, 

438  These results are also consistent with estimates of a decline in stroke 

incidence shown in the systematic review of trends in the incidence of stroke 

in ideal studies (Chapter 3).  The previously recognised higher,13 and now 

noted to be increasing rates among Māori and Pacific populations in Auckland 

supports published data of ethnic disparities in stroke risk.42, 59, 168, 435  The 

near doubling of stroke rates in Māori and Pacific populations have lead to 

increased disparities between these groups and the NZ/European population, 

mirroring ethnic disparities shown in the US42, 59 and the UK.93, 168   

The increasing rates of stroke in Māori and Pacific populations are contrary to 

trends in national stroke deaths in New Zealand from 1980 to 1999, where 

declining rates of stroke mortality across all ethnic groups were found.12, 40  

However, diverging trends in ethnic specific mortality rates have also been 

shown in New Zealand, as mortality rates in NZ/European and other ethnic 

groups declined at a much steeper rate than rates in Māori and Pacific 

populations.12, 40  These discrepancies highlight how trends in mortality data 

disguise trends in the event rate of the disease as it only focuses on one part 

of the disease, death.   
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The significant increase in stroke event rates as compared to the non-

significant increase in incidence rates in Pacific populations, coupled with 

increasing proportions of Pacific stroke patients with a history of stroke 

suggests that secondary prevention of stroke is not working for this 

population.  This may be due to worse follow up care after stroke as Pacific 

populations are least likely of any ethnic group to access primary health care, 

which may be reflected to lower socioeconomic status of Pacific populations. 
439, 440  It is possible that the increase in the proportion of Pacific patients with 

a history of stroke is a result of the phenomenon called medical tourism, 

where patients seek healthcare in more developed countries.  However, the 

strict eligibility criteria of residency should have controlled for this.  It has been 

shown that Pacific populations in New Zealand are least likely to receive 

education about diabetes.441, 442  A number of health plans have been 

developed by the Ministry of Health aimed at reducing disparities in health 

and access to health care, through providing more culturally appropriate care 

and services.153, 439, 443   

A number of explanations for the changes in rates within ethnic groups can be 

made through associations with changes in the demographic characteristics 

of patients, or changes within the New Zealand population.  Declines in rates 

of stroke in NZ/European populations mirror improvements in the treatment of 

hypertension in New Zealand and declines in blood pressure levels.422, 423, 444, 

445  This is also reflected in the increased proportions of NZ/European patients 

reporting a history of high blood pressure.  However, it has been shown that 

trends in blood pressure control in high risk individuals explains only a small 

fraction of the trends in stroke rates.355, 365  As previously mentioned, the 

uniform declines seen in the proportion of current smokers across ethnic 

groups has been shown in other populations422, 444 and may be attributed to 

success from anti-smoking campaigns implemented in the mid-1980s in New 

Zealand.425  However, the declines in the rates of smoking were less apparent 

in Māori populations, where the proportion remained disproportionately high in 

comparison to other ethnic groups and the general population of New 

Zealand.425  The other notable trend of increasing BMI and history of diabetes 

in NZ/Europeans, together with the ongoing high frequencies of these 
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exposures in the other ethnic groups, reinforce the growing impact of these 

risks on cardiovascular disease and other health outcomes.422, 427  Māori and 

Pacific populations have been consistently shown to have high rates of 

diabetes,113 and higher prevalence of obesity in New Zealand, compared to 

NZ/Europeans.440, 446  The dramatic increase in the prevalence of overweight 

and obesity in New Zealand over the past two decades,422, 426 has lead to 

more people at risk of stroke, through increased risk of vascular risk factors 

associated with obesity. 

Significant disparities were also found in the incidence of the major 

pathological stroke types and ischaemic stroke subtypes, with higher rates in 

Māori & Pacific, and Asian & Other people compared with NZ/Europeans.  

The ethnic-specific incidence of the major pathological stroke types were 

similar to those found in the South London Stroke Register16, 168 the Northern 

Manhattan Stroke Study,59 the Greater Cincinnati/Northern Kentucky Stroke 

Study,42 and the Iquique Stroke Study in Chile.447  These similarities suggest 

that Māori & Pacific populations, African Americans and Hispanics, and 

African Europeans, may share health conditions such as obesity, 

hypertension and diabetes or common socioeconomic traits that increase their 

susceptibility to ischaemic stroke and PICH.  The high rates of PICH in the 

Asian & Other ethnic group were comparable to studies from Asia,156 and may 

be related to higher levels of blood pressure in these populations.  Compared 

to NZ/Europeans, Māori & Pacific people were at greater risk of cardioembolic 

stroke, Asian & Other people were at greater risk of lacunar stroke, which is in 

line with other population-based studies that have examined ethnic 

differences in ischaemic stroke subtypes.167, 434, 436, 448  As is the relatively low 

incidence of atherothrombotic stroke and high incidence of lacunar stroke in 

minority groups in ARCOS compared with NZ/Europeans.167, 448  The ethnic 

differences in the incidence and proportion of ischaemic stroke subtypes may 

in part be attributed to different risk factor profiles among the ethnic groups.   

Given the large genetic variability within specific ethnic populations,449 the 

most likely explanation for the risk factor differences observed is that ethnicity 

is a marker for socioeconomic and environmental factors (e.g. obesity, 
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hypertension and diabetes) that modify the risk of stroke and its subtypes.73, 

82, 431, 437, 450, 451  Previous studies have noted unfavourable cardiovascular risk 

profiles in Māori & Pacific populations with higher prevalence of obesity, 

physical inactivity, insulin resistance and metabolic syndrome compared to 

NZ/Europeans.58, 113, 430, 452-454  These studies have also shown that ethnic 

minority groups also tend to have an earlier onset of risk factors such as 

diabetes, obesity and hypertension which may contribute to higher rates and 

earlier onset of the disease.  Differences in the ethnic-specific risk factor 

profile are similar to those noted in other populations, with the highest 

prevalence of some risk factors (particularly hypertension and diabetes 

mellitus) found in ethnic minority or non-white populations compared with 

whites.73, 93, 431, 437, 447, 450  Whereas, the higher rates of heart disease or AF in 

the NZ/European population, are consistent with other studies of risk factors 

profiles among different ethnic groups.92, 455, 456   

The finding that Māori and Pacific populations had lower levels of 

socioeconomic status compared with other ethnic groups is in line with a 

report on New Zealand mortality trends from 1980 to 1999.12, 457  

Unfortunately, due to small numbers and the lack of population wide, age-

specific data on socioeconomic status in New Zealand, the ethnic specific 

incidence rates were not adjusted for confounding by socioeconomic status, 

which may be have contributed to the observed ethnic differences in the 

incidence of stroke subtypes.  However, given the high correlation between 

socioeconomic status and ethnicity, adjusting for socioeconomic status is 

unlikely to change the rates substantially.  This is supported by data from the 

South London stroke register,16, 168 where higher stroke rates in the African 

Caribbean population could not explained by differences in social classes, 

age, and sex.  While other studies have shown that ethnic differences in the 

risk of stroke attenuate after adjustment for socioeconomic factors.82, 458 

Ethnic differences in stroke risk factor profiles, however, cannot explain all of 

the increased stroke risk among ethnic minority groups.294, 459  Current 

evidence suggests that stroke and vascular risk factors have similar relative 

effects across the world, with only modest interaction with ethnicity and 
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nationality.449, 460, 461  The finding of higher proportions of hospitalisation and 

neuroimaging in Māori and Pacific populations are similar to those found in 

African Caribbean’s in London.462  This may reflect differences in access to 

health care and management or stroke severity between ethnic groups.72  

However, recently no race- or ethnic-based disparities were found in the 

utilisation of a variety of stroke-related procedures and services in the US and 

the UK.462, 463  In a study of ethnic difference in diabetes care and outcomes in 

Auckland, it was found that Pacific populations were less likely to be receiving 

pharmacological therapies for cardiovascular risk factors, such as aspirin, 

hypertensive medication or statins.464  Disparities in access to primary and 

secondary care are important to the management of risk factors.465-467  These 

findings have important practical implications signifying insufficient stroke 

prevention measures in these high-risk populations.   

Monitoring stroke in a population-wide context is challenging,27, 30 but is 

needed to ensure that trends are not distorted by changes in diagnostic 

coding practices and referral patterns.  In particular, consideration should be 

given to addressing confounding due to demographic changes, in particular 

age, for comparisons of rates between ethnic groups and over time.  It has 

been shown here that there are differences in hospitalisation rates between 

ethnic groups with the lowest proportions in NZ/European populations, 

showing the importance of using a population-based method of case 

ascertainment to identify all strokes, even non-fatal non-hospitalised, through 

thorough checking of rest homes, private hospitals and GP registers.  It is 

unlikely that the findings of this study can be explained by differences in the 

patterns of health care provision or health care seeking between 

NZ/European and ethnic minority populations.468 

The comparison of rates of stroke between groups and over time needs to 

take into account confounding of differences and changes in demographic 

characteristics, in particular age, where comparisons of crude rates in 

different ethnic groups may lead to erroneous conclusions.  Although the 

choice of a standard population for ‘adjusting’ for demographic differences in 

populations is arbitrary, it may change the interpretation of the results.312, 447  
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Indirect standardisation, which adjusted rates from the 1981-1982 and 1991-

1992 studies to the age and sex structure of each ethnic group in the 2001 

Auckland population, was used for assessing temporal trends in stroke rates 

within ethnic groups, also due to the sparse data in the Asian & Other 

group.469  This method presents results more useful for the New Zealand 

population, health workers and policy makers as it takes into account changes 

in the age, sex and ethnic structure of the population.  However, these rates 

were, like the crude rates for stroke, highest in NZ/Europeans, which may 

appear contrary to other studies which have shown higher stroke rates in 

African Americans or non-Europeans.13, 18  However, most studies have 

commonly used the alternative method of direct standardisation, where rates 

are adjusted to an external standard population to enable comparisons 

between populations.  Therefore, rates were also standardised using the 

WHO standard world population410 to allow comparisons of stroke rates 

between ethnic groups in Auckland as well as to other populations around the 

world.  This method produced higher rates of stroke in Māori and Pacific 

populations compared with NZ/Europeans as the world population is weighted 

towards younger ages and Māori and Pacific populations have their strokes at 

younger ages.  By presenting both indirect and direct standardised rates it has 

been shown how the analysis (and interpretation) of rates is dependent on the 

method of standardisation and choice of reference population.312   

Another issue to consider is that error in the estimation of rates may have 

occurred due to misclassification of ethnicity across the studies, due to 

changes in the self-perception of ethnicity, the census definition of ethnicity, or 

mode of collection of these data.69  In the New Zealand Census of 

Populations and Dwellings, ethnicity was classified as the ethnic group or 

groups that people identify with or feel they belong to.  Thus, ethnicity is self-

perceived and people can belong to more than one ethnic group.  There were 

changes in the census definition of ethnicity across the study period with the 

1981 Census using the term “ethnic origin” which referred to the blood mixture 

of races within a person and the 1991 and 2001 census ethnicity questions 

measuring cultural affiliation, as opposed to race, ancestry, nationality or 

citizenship.12, 69  The method of prioritisation of ethnicity was used in all 
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census data, which gives priority to non-European groups, with special priority 

to Māori and Pacific groups, when multiple responses are given.  Therefore, 

there may be some bias in the measurement of the numerator and 

denominator for ethnicity, leading to underestimation of rates for Māori and 

Pacific peoples.  It has also been shown that self-perception of ethnicity can 

change over time.69  However, as all three ARCOS studies were undertaken 

in the same (or next in the most recent study) year of each Census, using 

similar questions of self-defined ethnicity as in the Census, any 

misclassification of ethnicity is likely to be non-differential.  There may have 

been changes in the profile of the Asian & Other ethnic group over time, with 

more immigration from a variety of countries.  However, the proportion of 

stroke patients in this group originating from the Asian continent was over 

90% in all three studies.  Therefore, it was assumed that this grouping is 

representative of Asian ethnicity across the three studies. 

In summary, a decline in stroke rates in NZ/Europeans was offset by markedly 

increased rates in Māori and Pacific peoples, to produce only modest overall 

declines in stroke in Auckland.  Some positive changes in the profile of risk 

factors, such as declines in the proportions of current smokers with stroke, 

were counterbalanced by increasing, or ongoing high, frequencies of diabetes 

and obesity in all ethnic groups.  These divergent trends and increasing 

disparities in the rates of stroke between ethnic groups in New Zealand paints 

a disturbing picture for ethnic minority groups, in that primary and especially 

secondary prevention of stroke does not appear to be successful in these 

groups.   
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7.   TRENDS IN OUTCOME AFTER STROKE  

Stroke mortality rates have fallen substantially in many industrialised countries 

over recent decades.36  These falls in stroke mortality may in part be due to 

reductions in stroke incidence38, 317 or improvements in survival after stroke.311  

Explanations for trends in mortality include reduced rates of severe forms of 

stroke, which may have arisen from improved detection and control of 

elevated blood pressure levels, changes in the natural history of the disease, 

or improvements in the quality of stroke treatment and care.   

This chapter describes the trends in mortality and survival after stroke from 

the three Auckland stroke registers and is divided into four sections.  The first 

section presents trends in mortality up to 1 year after first-ever stroke across 

the ARCOS studies.  The second section describes changes in 28 day and 

one year case fatality, by age, sex and ethnicity across the three studies.  The 

third section describes trends in survival to one year after stroke in the three 

studies and provides explanations for these trends.  The final section 

discusses these results in the context of other literature.  All results presented 

are for first-ever in a life-time stroke, therefore outcome and survival can be 

attributed to the stroke as it is not confounded by previous vascular disease.   

7.1. Trends in Mortality 

Overall, 1030 incident strokes were registered in the 1981-1982 study, with 

1305 in the 1991-1992 study, and 1423 in the 2002-2003 study.  Table 7.1 

presents age-standardised stroke mortality rates for the three ARCOS 

studies.  Males had higher age standardised mortality rates than females.  

However, the disparity between males and females declined across the study 

period, leading to no difference in 2002-2003.  There were consistent linear 

declines in stroke mortality by sex and in all but the oldest age group.  Stroke 

mortality declined by 45% between 1981 and 2003 (RR 0.55, 95% CI 0.46 to 

0.66), producing an annual decline of 2.5%.  The biggest decline occurred in 

the 75 to 84 age group, with the majority of this decline occurring between 

1981 and 1991.  Whereas, in the younger age group (15 to 64) the greater 
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part of the decline in mortality occurred in the latter decade between 1991 and 

2002.  These differences in mortality may be due to differences in case fatality 

or survival over time.  As shown in Section 5.1, Figure 5.1, the trends in one 

year mortality across the ARCOS studies were consistent with declines in 

annual stroke mortality in New Zealand over the same period. 
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Table 7.1  Annual stroke mortality rates, 1 year after first-ever stroke (per 100,000), direct age-standardised to the WHO world 

population, in Auckland, New Zealand, 1981-2003. 

 1981-1982 1991-1992 2002-2003 Rate Ratio 
 n Rate (95% CI) n Rate (95% CI) n Rate (95% CI) 2002-03:1981-82 2002-03:1991-92
Age group              
  15-64 78 13 (10-18) 101 14 (11-18) 69 8 (6-10) 0.58 (0.39-0.86) 0.54 (0.40-0.74) 
  65-74 110 15 (12-20) 92 11 (9-14) 73 9 (7-11) 0.56 (0.39-0.79) 0.75 (0.54-1.04) 
  75-84 190 28 (23-34) 155 16 (14-19) 134 12 (10-14) 0.42 (0.33-0.55) 0.72 (0.57-0.92) 
  85+ 90 13 (10-18) 97 10 (8-12) 153 10 (9-12) 0.77 (0.55-1.08) 1.08 (0.84-1.39) 
Male  198 74 (60-90) 187 53 (38-75) 171 37 (32-42) 0.54 (0.43-0.68) 0.74 (0.60-0.92) 
Female 272 66 (56-79) 258 49 (36-65) 258 37 (32-65) 0.55 (0.43-0.72) 0.75 (0.61-0.94) 
Overall 470 70 (61-79) 445 52 (42-64) 429 38 (35-42) 0.55 (0.46-0.66) 0.75 (0.64-0.87) 
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7.2. Trends in Case Fatality 

To investigate the reasons for the decline in mortality, trends in short- to 

medium-term survival were examined.  Table 7.2 presents case fatality ratios 

at 28 days and one year after stroke, by patient demographic characteristics.  

Overall there were significant declines in 28 day case fatality from 32% in 

1981-1982 to 19% in 2002-2003, leading to a relative decline of 40% over the 

study period.  A relative decline of 34% was found in one year case fatality, 

from 46% in 1981-1982 to 30% in 2002-2003.  These declines were 

consistent across age groups, with the exception of the oldest age group.  

Declines in case fatality were also consistent across ethnic groups, with the 

exception of 28 day case fatality in Māori where the decline was not 

significant.  No differences in case fatality were found between the ethnic 

groups, within each of the three studies with all ethnic groups having case 

fatality at 28 days around or under 20% in 2002-2003. 

Figure 7.1 presents unadjusted Kaplan Meier curves comparing survival up to 

one year in the three studies.  The greatest improvement in survival occurred 

between the 1981-1982 and the 1991-1992 studies (log-rank p = <0.0001) 

and was most evident in the first few weeks following stroke. There was a 

significant improvement in 28-day case fatality between the 1991-1992 and 

2002-2003 studies (log-rank p = 0.0112).  However, no significant differences 

in one year survival between these two studies (log-rank p = 0.4697) were 

found, with an overlap between the curves for the 1991 and 2002 studies at 

around 330 days post-stroke.  Therefore most of the improvement in survival 

occurred within the 28 days after first-ever stroke and between the 1981-1982 

and 1991-1992 studies, producing an annual improvement in mean survival of 

approximately 2.5 days. 
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Table 7.2  28 day and 1 year case fatality after first-ever stroke, Auckland, 

New Zealand, 1981-2003. 

 1981 1991 2002 Trend 
Case Fatality n % n % n % p-value* 

28 days 328 31.8 302 23.1 271 19.0 <.0001 
  Age < 65 72 25.2 72 20.8 56 14.3 0.0004 
  Age 65-74 78 30.0 63 16.9 47 14.0 <.0001 
  Age 75-84 122 34.9 95 23.1 71 16.2 <.0001 
  Age 85+ 56 41.8 72 41.6 97 37.6 0.3701 
        

  Male 136 26.7 125 21.3 109 16.3 <.0001 
  Female 192 36.9 177 24.7 162 21.4 <.0001 
        

  European 292 31.3 253 22.4 205 19.5 <.0001 
  Māori 14 30.4 15 24.6 18 20.2 0.1871 
  Pacific 12 40.0 29 33.7 24 17.1 0.0010 
  Asian & Other 10 50.0 5 16.7 16 13.3 0.0004 
        
1 year 470 45.6 445 34.1 429 30.2 <.0001 
  Age < 65 78 27.3 101 29.1 69 17.7 0.0018 
  Age 65-74 110 42.3 92 24.7 73 21.7 <.0001 
  Age 75-84 192 54.9 155 37.6 134 30.6 <.0001 
  Age 85+ 90 67.2 97 56.1 153 59.3 0.2140 
        

  Male 198 38.8 187 31.9 171 25.6 <.0001 
  Female 272 52.3 258 35.9 258 31.1 <.0001 
        

  European 424 45.4 372 33.0 332 31.6 <.0001 
  Māori 20 43.5 23 37.7 22 24.7 0.0201 
  Pacific 14 46.7 41 47.7 39 27.9 0.0040 
  Asian & Other 12 60.0 9 30.0 24 20.0 0.0003 

* p-value calculated using Cochran-Armitage trend test 
n=number of deaths in stroke patients 
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Figure 7.1  Unadjusted Kaplan Meier curves of survival up to one year post stroke, for the three ARCOS studies. 
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7.3. Trends in Survival 

Explanations for the improvements in case fatality over time, were assessed 

through changes in patient factors such as age, sex, ethnicity, BMI, smoking 

status and previous history of co-morbid disease.  Changes in stroke severity 

factors were measured through loss of consciousness and/or some form of 

motor deficit/paresis at the time of the stroke, and changes in management 

and care factors were measured through time to seeking medical attention, 

admission to hospital and whether the patient received some form of 

neuroimaging.  These variables were modelled to quantify how much of the 

improvement in survival could be explained by controlling for these factors. 

7.3.1. Demographics 

The distribution of several patient, disease and management or care factors 

changed significantly over time and are shown in Table 7.3.  As seen in 

previous results (Chapters 5 and 6) the proportion of patients overweight or 

obese, or reported a history of diabetes and hypertension increased over 

time, and the proportion of smokers declined.  There were also significant 

declines in the proportion of patients dependent on others for activities of daily 

living before their stroke.  The significant increases in the proportion of 

patients who lost consciousness or who suffered from some form of motor 

deficit at the time of their stroke, may reflect changes in the severity or the 

natural history of the disease over time.  The number of patients who were 

admitted to hospital for their stroke and received some form of neuroimaging 

also increased across the study periods.  The number of stroke patients who 

sought medical attention (e.g. admission to hospital or calling a local GP) 

within three hours after their stroke also increased over time, indicating that 

more patients were eligible for early acute treatments of stroke.  However, as 

mentioned in Chapter 4 (Methods) there were large proportions of missing 

data for the BMI and the time to seeking medical attention variables.  As these 

variables could potentially influence survival after stroke multiple imputation 

was used to create a complete dataset in which to examine the reasons for 
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the improvements in survival.  The proportion of data imputed for each 

variable is shown in Table 7.3. 

7.3.2. Survival Modeling 

Stepwise Cox proportional hazards regression analysis was used to develop a 

model of survival (time to death), up to one year after first-ever stroke.  Table 

7.4 presents the univariate and multivariate hazard ratios from the Cox 

proportional hazards modelling, using the imputed variables.  Loss of 

consciousness at the time of stroke was the most important risk factor for one 

year mortality from stroke, with a sixfold increase in the risk of dying, even 

after adjusting for other significant factors.  NZ/European ethnicity, history of 

heart disease, diabetes or previous blood pressure medication were not found 

to be associated with one-year survival.  The patient factors, age and pre-

stroke dependency were significantly associated with survival to one year 

after stroke and were kept in the final predictive model.  Whereas, sex, being 

overweight or obese, having a history of diabetes or high blood pressure and 

smoking status were not associated with survival after adjusting for disease 

severity and hospital management and care factors in the model.  The 

disease factors, loss of consciousness and motor deficit at the time of stroke 

and the hospital managements and care factors, being admitted to hospital 

within 28 days of the stroke and whether the patient received some form of 

neuroimaging were retained in the final predictive model.  Being admitted to 

hospital was significantly associated with poorer survival, reflecting the fact 

that more severe strokes are admitted to hospital.  Whereas, better survival 

was associated with whether a patient suffered from some form of motor 

deficit at the time of their stroke or if they received some form of neuroimaging 

(CT or MRI), which may also be related to being admitted to hospital.  An 

interaction was found between loss of consciousness at the time of stroke and 

study period, so a sensitivity analysis was conducted, stratifying by loss of 

consciousness. 
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Table 7.3  Patient factors (demographics and medical history), stroke severity factors, and management 

and care of (first-ever) stroke patients in three ARCOS studies, using aggregated imputed data. 

 
 1981 1991 2002 Trend 
 N=1030 N=1305 N=1423  

 n % n % n % P-value*
Patient Factors        
Age, Mean (SD) † 71.0 (14.2) 70.6 (13.9) 71.8 (14.3) 0.1147 
Male 510 49.5 587 45.0 667 46.9 0.2623 
Ethnicity, NZ/European 934 90.7 1128 86.4 1052 73.9 <.0001 
Overweight / Obese ‡  347 33.7 541 41.1 707 49.7 <.0001 
  % imputed 4.7 15.7 35.9  
Dependent pre-stroke 252 24.5 225 17.2 225 15.8 <.0001 
  % imputed 0 0.2 3.8  
History of heart disease 112 10.9 198 15.1 170 12.0 0.5853 
  % imputed 0 0.8 1.2  
History of diabetes 92 9.0 179 13.7 226 15.9 <.0001 
  % imputed 14 1.4 22 1.7 14 1.0  
History of high BP 492 47.8 648 49.7 797 56.0 <.0001 
  % imputed 0.0 0.9 4.2  
Previous BP medication 445 43.2 556 42.6 700 49.2 0.0012 
  % imputed 1.0 18.9 4.9  
Current smoker 304 29.5 322 24.7 218 15.3 <.0001 
  % imputed 1.0 0.6 9.8  
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Table 7.3  Patient factors (demographics and medical history), stroke severity factors, and management 

and care of (first-ever) stroke patients in three ARCOS studies, using aggregated imputed data. 

 
 1981 1991 2002 Trend 
 N=1030 N=1305 N=1423  

 n % n % n % P-value*
Disease Severity factors      
Lost consciousness 340 33.0 369 28.3 579 40.7 <.0001 
  % imputed 4.1 3.1 1.7  
Motor Deficit 824 80.0 1092 83.7 1201 84.4 0.0057 
  % imputed 0.2 1.5 2.2  
Hospital management / Care Factors   
Admitted to hospital 664 64.5 939 71.9 1315 92.4 <.0001 
Neuroimaging (CT/MRI) 142 13.8 452 34.6 1284 90.2 <.0001 
Sought medical attention 
within 3 hrs 428 41.6 609 46.7 843 59.2 <.0001 
  % imputed 15.9 15.8 34.7  

* p-value calculated using Cochran-Armitage trend test 
† p-value calculated using ANOVA 
‡ Defined as BMI ≥ 25 
n=number of stroke patients, SD=standard deviation, BP=Blood Pressure, CT=computed tomography, 
MRI=magnetic Resonance Imaging 
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Table 7.4  Univariate and multivariate Cox proportional hazards (PH) regression analysis of possible 

determinants of survival, with study forced into the model, using imputed data.  

 Univariate (adjusting for study)  Stepwise Multivariate 
 Hazard  Chi-sq  Hazard  Chi-sq  
Variable Ratio 95% CI p-value  Ratio 95% CI p-value Order†

Study, 1991* 0.69 (0.65,0.73) <.0001  0.81 (0.71,0.94) 0.0042 *1 
Study, 2002* 0.65 (0.61,0.69) <.0000  0.75 (0.61,0.91) 0.0038 *2 
Patient Factors     
Age 1.03 (1.03-1.03) <.0001  1.02 (1.01-1.02) <.0001 4 
Male 0.75 (0.71-0.78) <.0001      
NZ/European 0.96 (0.90-1.03) 0.2360      
Overweight/Obese 0.74 (0.71-0.78) <.0001      
Dependent pre-stroke  2.62 (2.49-2.76) <.0001  1.60 (1.40-1.82) <.0001 5 
History of Heart Attack 1.07 (1.00-1.15) 0.0482      
History of Diabetes 0.99 (0.93-1.07) 0.8627      
History of High BP 0.87 (0.83-0.92) <.0001     
Previous BP Medication 0.96 (0.92-1.01) 0.1014     
Current smoker 0.91 (0.86-0.97) 0.0021     
Disease severity factors     
Lost consciousness 6.29 (5.98-6.62) <.0001  6.00 (5.24-6.86) <.0001 3 
Motor Deficit 0.85 (0.80-0.90) <.0001  0.76 (0.66-0.87) 0.0001 8 
Hospital Management/Care factors    
Admitted to Hospital 1.25 (1.17-1.33) <.0001  1.48 (1.28-1.72) <.0001 7 
Neuroimaging (CT/MRI) 0.42 (0.39-0.45) <.0001  0.49 (0.41-0.58) <.0001 6 
Sought medical attention 
within 3 hours 1.29 (1.23-1.36) <.0001     

* Study 1991 and 2002 were forced into all models (using the 1981 study as the reference). † Order of the variable entered into model. 

BP=Blood Pressure, CI=Confidence Interval, CT=Computed Tomography, MRI=Magnetic Resonance Imaging 



 

 202

7.3.3. Changes in Survival 

The variables that were found to be significant in the predictive modelling 

were used to examine the influences on improved survival between the study 

periods.  Table 7.5 shows the hazard ratios between the 1981-1982 and 

1991-1992 studies and between the 1991-1992 and 2002-2003 studies for 

survival up to 28 days and one year after first-ever stroke after the factors that 

were found to be significant in the predictive modelling were sequentially 

added to the model.  The percentage change in the hazard ratio quantified 

how much of the improvement in survival (HR) was attenuated, after adding 

the factors that were found to be significant in the predictive modelling.  

Hence, this estimates the amount of influence that factor had on the 

improvement in survival over time.   

It can be seen in Table 7.5, that there were significant improvements in 28 day 

survival between 1981-1982 and 1991-1992 (HR 0.69, 95%CI 059-0.81), with 

a smaller improvement between 1991-1992 and 2002-2003 (HR 0.81, 95%CI 

0.69-0.96).  These results mirror the trends in case fatality and the Kaplan 

Meier curves in Figure 7.1.  The results attenuated when patient factors (age 

and pre-stroke dependency) and disease severity factors (loss of 

consciousness and motor deficit) were added to the model, but the 

improvements in survival remained significant.  However, once the hospital 

management and care factors (neuroimaging and admission to hospital) were 

added to the model most of the improvement in survival was explained.  Up to 

37% of the variation (change in HRs) in 28 day survival was explained by 

adding all factors to the model.  Significant improvements in one year survival 

between the 1981-1982 and 1991-1992 studies were also found, however 

there was no improvement in one year survival between the 1991-1992 and 

2002-2003 studies.  Once all of the patient factors, disease severity factors 

and hospital management and care factors were added to the model the 

degree of improvement in one year survival attenuated but not all of the 

improvement in survival between the 1981-1982 and 1991-1992 studies could 

be explained.   



 

 203 

Table 7.5  Hazard Ratios for change in 28 day and 1 year survival between studies, using imputed data, adjusting for 

patient, disease and care factors, sequentially. 

 1991 v 1981  2002 v 1991 
 HR 95% CI p-value % change  HR 95% CI p-value % change 
28 day survival          
Univariate, study 0.69 (0.59-0.81) 0.0002   0.81 (0.69-0.96) 0.0121  
+ Patient Factors* 0.74 (0.63-0.87) 0.0002 7.4  0.82 (0.69-0.96) 0.0166 0.9 
+ Disease Factors† 0.78 (0.66-0.92) 0.0031 13.2  0.54 (0.46-0.64) <.0001 -33.6 
+ Management Factors‡ 0.95 (0.80-1.12) 0.5129 37.2  0.96 (0.79-1.18) 0.7102 18.7 
1 year survival          
Univariate, study 0.69 (0.60-0.78) <.0001   0.94 (0.82-1.08) 0.3844  
+ Patient Factors* 0.73 (0.64-0.83) <.0001 6.0  0.93 (0.82-1.07) 0.3164 -0.9 
+ Disease Factors† 0.74 (0.65-0.85) <.0001 8.5  0.64 (0.56-0.74) <.0001 -32.0 
+ Management Factors‡ 0.81 (0.71-0.94) 0.0063 18.7  0.92 (0.78-1.09) 0.3326 -2.5 

HR = Hazard Ratio, CI = confidence interval 
% change = (HRadj-HRunadj)/HRunadj*100% 
* includes age and pre-stroke dependency 
† includes loss of consciousness and motor deficit/paresis 
‡ includes admission to hospital and neuroimaging (CT or MRI) 
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A significant interaction between the study period and loss of consciousness 

was found, which appears to have skewed the change in survival between the 

1991-1992 and 2002-2003 studies.  Therefore, a sensitivity analysis was 

conducted, stratifying by patients who lost consciousness at the time of their 

stroke and those who did not.  Significant improvements in the survival of 

patients who did not lose consciousness at the time of their stroke between 

the 1981-1982 and 1991-1992 studies were found (univariate HR 0.63, 95%CI 

0.51 to 0.78), with no improvement between the 1991-1992 and 2002-2003 

studies (univariate HR 1.02, 95%CI 0.81 to 1.29).  However, in patients that 

did lose consciousness at the time of their stroke, survival improved between 

both, the 1981-1982 and 1991-1992 studies (univariate HR 0.78, 95%CI 0.66 

to 0.92) and the 1991-1992 and 2002-2003 studies (univariate HR 0.55, 

95%CI 0.46 to 0.65).  As in the non-stratified results once all of the patient, 

disease severity and hospital management and care factors were added to 

the model the improvements in survival attenuated and became no longer 

statistically significant.  Other sensitivity analyses were conducted 

investigating changes in one year survival in patients who survived the acute 

period (two days) after their stroke, patients who survived to 28 days after 

their stroke and patients who were admitted to hospital.  All produced similar 

results seen in Table 7.4. 

7.4. Discussion 

The current results show dramatic declines in stroke mortality and a striking 

improvement in survival after stroke over the 23 year period from 1981 to 

2004.  Most of this improvement occurred in the decade between 1981 and 

1991, and for 28-day rather than 1-year outcomes. These improvements 

persisted even after adjusting for patient characteristics and stroke severity.  

However, after adjusting for hospital management and care factors with the 

increasing likelihood of being admitted to hospital and use of neuroimaging, 

the improvement in survival was no longer significant.   

Declines in stroke mortality have been previously explained by changes in 

incidence38, 258, 317, 349, 350 or improvements in case fatality.238, 292, 310, 311, 328  It 

was previously shown in Chapter 5, that stroke incidence declined moderately 



 

 205

across the three ARCOS studies.  However, the large improvements in 

survival, supports data from other ideal stroke incidence studies, where little 

or no change in incidence were found with large declines in case fatality.268, 

315, 319  It has previously been argued that up to two-thirds of the decline in 

stroke mortality can be attributed to improved case fatality.311  Stroke mortality 

declined by 45% over the three studies, where stroke incidence declined by 

10% and one year case fatality declines by 34%.  Therefore, most of the 

decline in stroke mortality in Auckland between 1981 and 2004, can be 

explained by declines in case fatality rather than declines in the incidence of 

stroke over time. 

The detection of a downwards trend in case fatality may be related to values 

in the reference (initial) study period.  A recent review of stroke incidence 

studies showed that in general, declines in one-month case fatality were 

evident in those studies with initially high (over 30%) values as compared to 

studies with case fatality ratios of around 20% across time.30  Broderick et al, 

for example, noted that the 30-day case fatality for stroke declined from 33% 

during 1945 to 1949, to 17% during 1980 to 1984 in Rochester, Minnesota.258  

This improvement in survival has been shown to have ended since the 

1980s.470  In the 1980s, the MONICA study found that the average case 

fatality was 30%,165 and case fatality declined in most of these populations in 

the 1990s.311  Whereas, studies with initially low case fatality ratios have 

shown little or no decline in case fatality over time.38, 317  In the ARCOS 2002-

2003 study case fatality was similar (around 20%) between the ethnic groups.  

These data, together with the decline in 28-day case fatality from 32% to 19% 

in the current analysis, support a “regression to the mean” effect in early case 

fatality, irrespective of advances in acute stroke management.  It appears that 

the average early case fatality ratio is approximately 20%, so countries, or 

demographic groups, with initially high case fatality ratios will regress towards 

this mean.   

In regard to long-term survival, several studies have shown improvement up 

to several years11, 268, 297, 326, 332, 335, 344 and even 10 years268 after the onset of 

stroke.  The current data are consistent with previous research that have 
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shown that large improvements in short-term survival are translated into 

improvements in long-term survival.326, 332, 344  There has, however, been two 

studies that have shown significant improvements in long-term survival with 

stable early case fatality have, which was attributed to improvements the care 

of older people rather than acute stroke care.268, 335 

The chance of surviving the acute phase of stroke is generally a complex 

function of the extent of neurological damage, the complications of disability, 

and the presence of associated co-morbid vascular and other conditions that 

are more common in older people.  As in other studies, it was found that 

several simple clinical parameters including level of consciousness, age and 

history of pre-morbid dependency, were strongly predictive of survival.170-172  

Many of these factors are not modifiable at the time of the stroke, therefore, it 

is important, that any assessment of the impact of medical care on trends in 

survival should take these factors into account.  The assessments of the 

presence of reduced consciousness and of motor deficit (paresis/plegia) at 

the time of the stroke in this study were rather crude, and not standardised to 

time from the onset of stroke or validated against medical records, which may 

explain the variability in proportions of such impairments across the three 

studies.  Motor deficit was found to be protective of survival which is contrary 

to an earlier analysis predicting three-year survival from the 1981-1982 study, 

where severe motor deficit was found to influence mortality.171  However, 

trends in the severity of motor deficit could not be investigated due to 

differences in the questions across the three studies.  Despite these 

problems, loss of consciousness, used as a surrogate measure of stroke 

severity, was by far the most important predictor of death after stroke, as 

shown in other studies.171, 172, 326   

As discussed in Chapter 3, there are three possible explanations for 

improvements in survival after stroke, over time.  The first correlates 

increases in survival with improved medical care or treatment of patients with 

stroke, leading to earlier and more appropriate management.  This is related 

to improvements in diagnostic testing, through increased availability and use 

of neuroimaging, and increases in the rates of hospital admission for stroke, 



 

 207

as shown in the ARCOS studies.  An increase in the availability and precision 

of diagnostic testing, allows the management of acute stroke to be better 

tailored towards specific pathological stroke types.  In New Zealand and in 

particular Auckland, the most significant change in the hospital management 

of stroke from 1981-2002 was the introduction of a specialised mobile stroke 

team in the year 2000 in Auckland Public Hospital and stroke unit care in 

Middlemore hospital in the year 2001.471  It has been shown specialised 

stroke teams and stroke units significantly improve long-term survival after 

stroke.203  In 1996, the New Zealand Stroke Guidelines were published in an 

attempt to standardise stroke care across health facilities,206 which has led to 

heightened awareness and the necessity of admitting possible cases of stroke 

to hospital to receive standard care.  This may be reflected in the large 

increase in the proportion of patients admitted to hospital, and increases in 

the proportion of patients accessing health care within three hours of their 

stroke, across the three studies.  The introduction of intravenous tissue 

plasminogen activator (rtPA) in carefully selected patients, use of aspirin 

within 48 hours of onset of ischaemic stroke, and the management of patients 

in well organised and coordinated stroke care unit facilities are key factors 

that may account for improvements in survival.  However, the use of rtPA is 

still limited in Auckland, but the use of aspirin has increased since 1996.472  

Also, despite recommendations for standardised care in stroke units the 

organisation of stroke services are still varied across the country.473  

Therefore, while there has been an increase in the awareness of the 

importance of early assessment and management of stroke in hospital, the 

improved stroke outcomes appear to have arisen from other generic 

management changes and are independent of specific acute treatments. 

The second explanation relates improvements in survival after stroke with 

decreased severity over time.  This could be reflected through changes in the 

natural history of stroke i.e. changes in population-wide risk factor levels or 

changes in case ascertainment.  It has been argued that changes in the 

severity of stroke significantly contribute to improvements in case fatality,347 

with up to 80% of the decline in case fatality in a US study could be explained 

by declines in the severity of stroke.327  In the current study, however, the 
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proxy measure of stroke severity, the proportion of patients who lost 

consciousness at the time of their stroke, remained relatively stable across 

the three study periods, with a slight increase in the 2002-2003 study.  

Although significant improvements in some risk factors were found over time, 

such as declines in smoking and increases in the proportion of cases taking 

medication for high blood pressure, these factors did not explain any of the 

improvement in survival.  In addition, even though the data presented here 

are incident strokes only, it was shown in Chapter 5, that there was no change 

in the rates of recurrent stroke over time, with the proportion of patient 

reporting a history of stroke at baseline around 25% across the three studies.  

In secondary analyses, it was found that the improvements in survival were 

limited to more severe cases of stroke, in patients who had altered 

consciousness at the time of their stroke.  Unlike other studies where large 

improvements in survival in less severe cases of stroke were found.326, 329 

The third and final explanation for improving survival after stroke refers to the 

increased registration of milder stroke patients, due to improvements in case 

ascertainment or improvements in the diagnosis of stroke through 

neuroimaging techniques.  Increases in the number of patients being admitted 

to hospital, receiving some form of neuroimaging and possibly greater 

awareness of stroke symptoms among the medical profession and general 

public, may have increased the detection of milder stroke cases.  However, 

consistent methodology and definitions were used across all three studies, 

fulfilling the criteria for an ideal stroke incidence study.27, 28, 31  As presented in 

Chapter 5, the three ARCOS studies have been shown to fulfil a number of 

quality control criteria for the completeness of case ascertainment.  Also 

improvements in case ascertainment were shown through the capture 

recapture technique, reflecting changes in changes in electronic data capture 

and the management of stroke in- and out-side the hospital.  Therefore, any 

potential data acquisition bias was likely to be small due to the size of the 

study population and the consistency of definitions across the studies.  The 

proportion of patients with altered consciousness remained relatively stable 

across the first two studies, and increased slightly in the 2002-2003 study and 

given the slight increase in the proportion of patients with a motor deficit at the 
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time of presentation, it seems unlikely that there was any increase in the 

registration of milder cases of stroke in the most recent ARCOS study. 

While the ARCOS studies were not specifically designed to collect data on the 

process of care for patients, several factors may have accounted for the 

improvements in survival after stroke over time.  Increases in the availability 

and precision of diagnostic testing would allow improved diagnosis of 

pathological stroke types.  Previous studies found greater improvements in 

survival after ICH compared with ischaemic stroke over time.258, 297, 329  

Therefore, some of the improvements in short term survival may relate to 

differences in survival between cerebral infarction and ICH, however due to 

the low rate of neuroimaging in earlier studies changes in survival among the 

different stroke subtypes could not be investigated.  However, the definition 

used to identify strokes in the three studies was based on clinical diagnosis of 

stroke, and not purely on neuroimaging, so the differential in diagnosis 

between the studies should be minimal. 

Unfortunately there were large numbers of missing values for BMI and time to 

seeking medical attention, across the three studies.  Therefore, multiple 

imputation of missing values was used, as there were few variables in hospital 

management and care that were consistent across the three studies.  Multiple 

imputation has been shown to be useful in epidemiological studies with 

variables that have over 15% of the values missing.417  One of the main 

assumptions of missing data imputation is that the data are missing at random 

i.e. that the probability of a value being missing does not depend on the 

unobserved data (which could not be verified) but may depend on observed 

data.416  It was found that missing data were slightly more frequent for cases 

that were fatal or associated with loss of consciousness at onset.  However, 

as neither BMI or time to seeking medical attention were found to be 

associated with survival after stroke, the potential problems associated with 

missing data and the technique used to correct for it are unlikely to have 

adversely influenced the overall findings.  

In summary, large declines in stroke mortality over 23 years in Auckland were 

found which may be accredited to significant improvements in survival over 
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time.  These improvements in survival are more likely to be attributed to 

advances in the quality of acute care in hospital.  These positive trends 

commenced and continued without the introduction of any major advances in 

acute stroke treatments for the majority of patients, and prior to the 

introduction of specialist stroke services in the Auckland region.  Therefore, it 

can only be inferred that a major contributing factor was widespread changes 

in the care of stroke patient’s in general medical wards, through such factors 

as assessment, monitoring and management, care pathways, multidisciplinary 

team meetings, and early transfer to rehabilitation, in line with shortened stays 

in hospital. 
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8.   THE FUTURE BURDEN OF STROKE  

The future burden of stroke is expected to grow with the ageing of populations 

around the world even if declines in stroke mortality and incidence continue.  

Therefore, it is important to provide insight into the future trends of morbidity 

and mortality of stroke, to enable priority setting in health care.  Estimations of 

the future numbers of stroke patients and the proportion of the population 

living with lasting disability from their stroke, are used to inform policy makers 

of the future burden, enabling them to establish rational decisions about 

related healthcare needs, and to plan healthcare facilities for stroke patients in 

the acute stage and in the medium- and long-term.  The identification of 

groups that are high risk and have increased burden should lead to the 

development of more intensive preventive measures in such groups. 

This chapter estimates the burden of stroke in Auckland and presents the 

projected burden in New Zealand.  The first section combines information 

from the incidence and survival from stroke in the third ARCOS study to 

estimate the number of people living with the effects of stroke in Auckland.  

The second section describes the estimated changes in the New Zealand 

population up to the year 2051.  The third section presents the censual 

number of stroke deaths in New Zealand up to 2051, using a number of 

scenarios assuming different trends in mortality over time.  The fourth section 

presents the number of new cases of stroke in New Zealand up to 2051, using 

a number of scenarios assuming different trends in the incidence of stroke 

over time, and taking account of changes in demographic characteristics in 

the population.  The fifth section projects the number of people living with the 

effects of stroke in New Zealand, up to 2051.  The final section discusses 

these results in the context of other published literature.   

8.1. First-Ever Prevalence 

It is important to estimate the number of people living in the population with a 

history of stroke, as well as with lasting disability from stroke, to estimate the 

burden on healthcare facilities, and families and carers of stroke patients, in 
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the community.  This section combines information on incidence and survival 

from the third ARCOS study (2002-2003) to calculate a crude estimate of first-

ever stroke prevalence, the number of people who survive one year after 

incident stroke.  The proportion of patients who were living in institutional 

care, were dependent or felt they had fully recovered within six months after 

their stroke were calculated to estimate the number of patients living with 

lasting disability from their stroke.   

Prevalence rates of stroke were calculated by multiplying the age and sex 

specific crude incidence rates, from the most recent ARCOS study (2002-

2003), by the mean duration of survival, by age and sex, within one year after 

stroke (mean survival across all three studies).  Table 8.1 presents the 

estimated number of stroke patients surviving one year after their first-ever 

stroke in Auckland, as well as the crude and age-standardised prevalence 

rates by age, sex and overall.  The total number of prevalent stroke cases 

does not equal the sum of males and females, as these were calculated using 

age stratified incidence rates and survival.  Crude prevalence increased with 

increasing age and were higher in males than females, in all but the oldest 

age group.  However, the rates in the oldest age groups may be unstable with 

wide confidence intervals because of small numbers in this group.  The age 

standardised rate for females was also lower than males, which is comparable 

to the age-standardised incidence rates in Chapter 5, where males had 

significantly higher incidence of stroke than females.   
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Table 8.1  Crude and age-standardised (to the WHO world population) first-ever stroke prevalence rates (per 

100,000) in Auckland, using data from the ARCOS 2002-2003 study. 

 Male  Female  Total 
Age n Rate 95% CI n Rate 95% CI n Rate 95% CI 
  15-64 156 41 (35-48) 131 32 (27-38) 292 36      (32-41) 
  64-74 144 511 (428-595) 103 328 (265-392) 250 415    (363-467) 
  75-84 123 808 (665-951) 165 729 (618-840) 295 761    (673-849) 
  85+ 28 784   (496-1072) 88 989  (782-1196) 120 930    (761-1099) 
Total 452 106   (96-115) 486 103  (94-112) 958 104   (98-111) 
            

Standardised  106      (96-116) 84     (76-92)  94      (88-101) 

n=number of first-ever prevalent cases, CI=confidence interval 
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8.1.1. Disability 

Stroke is a largely disabling disease, with over one third of people who suffer 

a stroke living with lasting disability.  Lindley et al.’s two simple questions,397 

and residency status from the most recent ARCOS study (2002-2003), were 

used to estimate the level of disability in the stroke population alive six months 

after their first-ever stroke.  For healthcare planning it is important to estimate 

the net increase in the number of newly disabled patients, as a result of their 

stroke, because patients who were already disabled before their stroke are 

already included in the existing healthcare burden.380 

Table 8.2 presents information on the level of recovery, dependency and 

institutionalisation in patients alive, and interviewed, at six months after their 

incident stroke.  Of the 898 patients alive at six months, approximately 26% 

felt they had made a full recovery from their stroke, with a higher proportion of 

males than females.  Younger stroke patients were also more likely to have 

fully recovered from their stroke.  Whereas, over one third of patients felt they 

had recovered from their stroke but still remained dependent on others for 

some activities of daily living.  Over one third of patients remained dependent 

or were living in institutional care six months after their stroke, with higher 

rates of females than males.  Dependency and institutionalisation was also 

associated with increasing age.   
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Table 8.2  The proportion of first-ever stroke patients alive at six months, recovered, dependent or living in 

institutional care at the six month follow up, from the ARCOS 2002-2003 study. 

 Recovered Partially Recovered Dependent Institutionalised 
 N % N % N % N % 

Male 122 29 189 44 69 16 48 11 
 Age 15-64 49 31 83 52 16 10 8 5 
 Age 65-74 36 26 59 43 25 18 11 8 
 Age 75-84 34 28 38 31 25 20 23 19 
 Age 85+ 3 14 9 43 3 14 6 29 
         

Female 108 25 143 33 98 22 89 20 
 Age 15-64 42 33 40 32 27 21 10 8 
 Age 65-74 24 26 35 37 24 26 7 7 
 Age 75-84 34 21 52 33 31 19 37 23 
 Age 85+ 8 10 16 20 16 20 35 44 
         

Overall* 230 26 332 37 167 19 137 15 

* There were 32 patients alive at six months with missing residency and dependency information 
n=number of patients 

 



 

 216

Table 8.3 presents the proportion of patients dependent or institutionalised 

pre-stroke compared to six months after stroke, taking into account death.  

The change in the pre- and post-stroke dependent and institutionalised 

population, estimates the net change in the burden of care due to stroke.  

Older patients were more likely to be dependent or institutionalised before 

their stroke, typically due to conditions not stroke related.  The percentage of 

patients dependent or institutionalised after stroke increased with increasing 

age.  Death at six months after stroke was also related to increasing age, with 

over a half of the patients aged 85 years and older dying within six months of 

their stroke.  Therefore, many of the elderly patients who were dependent or 

institutionalised before their stroke, died within six months.  This led to a 

negative change in the proportion of dependent patients from pre- to post-

stroke in the oldest age group.  The modelling of survival in Chapter 7 also 

showed that being dependent before stroke is highly associated with a greater 

risk of dying as a result of the stroke.  Overall, there was a small increase 

(6%) in the net proportion of the stroke population dependent on others for 

activities of daily living.  However, the net change in the proportion of patients 

living in institutionalised care before and after stroke was negative across 

most age groups, with a 9% decline overall.  This also indicates that patients 

who were living in institutional care before their stroke were more likely to die 

as a result of their stroke.  Therefore, it can be concluded that there was not a 

large change in the proportion of patients in the community requiring extra 

post-stroke care. 
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Table 8.3  Changes in dependency and living in institutional care before stroke and at the six month follow up, for first-ever stroke 

patients  from the ARCOS 2002-2003 study. 

 Dependent prestroke 
(%)* 

Dependent 6 
months (%)† 

Dead 6 
months (%) 

Net change % 
dependency 

Age Yes No Yes No Yes  
  15-64 13   (3) 365 (93) 62 (16) 215 (55) 63 (16) 13 
  65-74 20   (6) 299 (89) 73 (22) 151 (45) 61 (18) 16 
  75-84 83 (19) 345 (79) 123 (28) 150 (34) 111 (25) 9 
  85+ 109 (42) 135 (52) 61 (23) 35 (14) 138 (53) -19 
Total 225 (16) 1144 (80) 319 (22) 551 (39) 373 (26) 6 

 Institutionalised 
prestroke (%)‡ 

Institutionalised 6 
months (%)§ 

Dead 6 
months (%) 

Net change % 
institutionalised

Age Yes No Yes No Yes  
  15-64 41 (10) 277 (71) 18   (5) 266 (68) 63 (16) -5 
  65-74 49 (15) 224 (67) 18   (5) 212 (62) 61 (18) -10 
  75-84 49 (11) 321 (73) 60 (14) 221 (50) 111 (25) 3 
  85+ 112 (43) 111 (43) 39 (15) 57 (22) 138 (53) -28 
Total 251 (18) 933 (65) 135   (9) 756 (53) 373 (26) -9 

* 54 patients missing dependency information, pre-stroke, 
† 195 patients missing dependency information at 6 months 
‡ 239 patients with missing residency information, pre-stroke,  
§ 164 patients with missing residency information at 6 months 
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8.2. New Zealand Population Projections 

The New Zealand population, as in most developed nations, is going through 

a demographic transition, due to ageing of the population.  This occurs as a 

results of the transition from high mortality and fertility rates, to lower rates of 

mortality and fertility.388  The median age in New Zealand is expected to 

increase from 36 years in 2005 to 45+ years in 2045 and with a dramatic 

increase in the older population, aged over 65 years.  The largest increase in 

the population aged 65 years and older will occur during 2021 and 2031 when 

the large birth cohorts of the 1950s and 1960s move into this age group.388  

Therefore, as the New Zealand population is ageing, and increased age is 

highly associated with increased risk of stroke, the population at risk of having 

a stroke is increasing.   

The projected population data used in the current analyses were estimated 

from Statistics New Zealand, using the 2004 New Zealand population as the 

base population and were projected in five year censual intervals, assuming 

medium trends in mortality, fertility and migration (series 5 projections).401  

Table 8.4 shows the New Zealand census population (1981, 1991 and 2001) 

and the projected New Zealand population aged 15 years and older from 

2004 to 2051, used in the current analyses.  The projected population aged 

15 years and older is estimated to increase by 47% between 2001 and 2051, 

an increase of approximately 1% per annum.  The greatest increase will occur 

in the older age groups with the population aged 65 years and older 

increasing by 172% and with the population aged 85 years and older, 

increasing by 500% from 2001 to 2051.  The estimated increase in the 

population was also greater in males than females reflecting a narrowing of 

the sex ratio due to larger increase in life expectancy in males.388  
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Table 8.4  The New Zealand census population (1981, 1991, 2001) and the 

estimated population projections in the New Zealand population aged 15 

years and older (Series 5), from Statistics New Zealand.401 

 

Year Male Female Total % change 
from 2001 

1981 1,130,346 1,158,069 2,296,707  

1991 1,262,082 1,109,394 2,590,284  

2001 1,388,319 1,501,218 2,889,543  

2004 1,542,900 1,633,000 3,175,900 9.9% 

2006 1,579,500 1,668,900 3,248,400 12.4% 

2011 1,672,500 1,757,300 3,429,700 18.7% 

2016 1,761,800 1,844,600 3,606,100 24.8% 

2021 1,844,900 1,927,700 3,772,600 30.6% 

2026 1,916,200 1,999,400 3,915,600 35.5% 

2031 1,971,800 2,056,100 4,027,800 39.4% 

2036 2,016,200 2,101,400 4,117,800 42.5% 

2041 2,051,900 2,136,600 4,188,500 45.0% 

2046 2,077,100 2,158,800 4,235,800 46.6% 

2051 2,092,200 2,167,900 4,260,000 47.4% 
% change 
2001-2051 50.7% 44.4% 47.4%  
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Ethnic specific projections were used to investigate changes within 

demographics groups.  The Statistics New Zealand population projections 

were based on the 2001 census populations and were estimated out to the 

year 2021, assuming medium fertility, mortality, net migration and inter-ethnic 

mobility (Series 6).  Increases in the New Zealand European population aged 

15 years and older, were relatively stable over time, with and increase of 0.5% 

per annum.  The Māori population was estimated to in crease by 2% per 

annum and an annual increase of 4% in the Pacific population.  This was 

mainly due to increases in the older age groups.  The Asian and Other ethnic 

group was estimated to increase by approximately 8% over the 20 years, 

which was a result of increases in older age groups as well as high 

immigration.  

All projections presented in these analyses were adjusted for changes in the 

age and sex distribution of the population and were calculated for incident 

cases of stroke only.  As described in Chapter 4 (Methods) a number of 

different scenarios were developed to investigate hypothesised changes in 

population demographics, the rate of disease and outcome after stroke.  

Table 8.5 presents the different combinations of the scenarios that were used 

to estimate how changes in the demography and epidemiology of the disease 

are reflected in the number of new deaths occurring from stroke (mortality), 

new cases with the disease (incidence) or living with the effects of the disease 

(prevalence).  Published data on trends in mortality and incidence, as well as 

trends in the rates found across the three ARCOS studies, were used to 

estimate future changes in the number of stroke deaths and new stroke cases 

occurring in New Zealand over the next 50 years.  A combination of these 

incidence and survival trends were used to estimate the future changes in the 

estimated burden of prevalent stroke cases in New Zealand. 
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Table 8.5  The combination of different scenarios used in the projection of stroke mortality, 

incidence and prevalence from 2001 to 2051 in New Zealand. 

 Mortality Incidence Prevalence 
Scenario 1 2a 2b 2c 1 3a 3b 3c 1 3a 4 3a+4

1  Stable Rates             
2a  1% ↓ mortality             
2b  2% ↓ mortality             
2c  ARCOS mortality             
3a  1% ↓ incidence             
3b  1% ↑ incidence             
3c  ARCOS incidence             
4  2.5day ↑ survival             
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8.3. Projections of Stroke Deaths 

In Chapter 7, it was shown that stroke mortality rates increased with 

increasing age and declined by 2.5% per annum across the three ARCOS 

studies.  It is important to estimate the future number of stroke deaths 

occurring in New Zealand to determine whether these trends will continue 

over time and to assess the effect of changing mortality on public health and 

healthcare planning.  To the estimate the projected number of stroke deaths 

in the New Zealand population, up to the year 2051 the age and sex specific 

stroke mortality rates from the 2002-2003 ARCOS study were multiplied by 

the projected age and sex population of New Zealand.  The projected 

numbers of stroke deaths using different scenarios of changes in the annual 

rate of stroke mortality (Scenarios 1, 2a, 2b, 2c) are shown in Table 8.6 and 

Figure 8.1 presents them graphically. 
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Table 8.6  The projected number of stroke deaths from 2001 to 2051, using 

different scenario’s of demographic and epidemiological change in mortality 

rates. 

 S1 S2a S2b S2c 

Year No change  1% ↓ mortality 2% ↓ mortality ARCOS* 

2001 1,663 1,663 1,663 1,663 

2004 1,823 1,769 1,715 1,714 

2006 1,941 1,846 1,755 1,757 

2011 2,235 2,021 1,826 1,854 

2016 2,601 2,237 1,921 1,985 

2021 2,966 2,426 1,980 2,075 

2026 3,514 2,733 2,121 2,272 

2031 4,104 3,036 2,239 2,483 

2036 4,829 3,397 2,381 2,800 

2041 5,442 3,640 2,425 3,019 

2046 6,010 3,823 2,421 3,253 

2051 6,430 3,890 2,342 3,411 

* annual change in age and sex incidence rates found across the three 

ARCOS studies 
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S1 = Stable mortality, S2a = 1% annual decline in mortality, S2b = 2% annual decline in mortality, S2c = annual decline in mortality 
by age and sex, from the three ARCOS studies 
 

Figure 8.1  Projections of new stroke deaths (adjusted for age and sex) in New Zealand, up to 2051. 
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In the published literature, it has been argued that stroke mortality rates have 

stabilised over recent years,33, 36 so Scenario 1 assumed no change in 

mortality rates, controlling for the changes in the age and sex structure of the 

New Zealand population.  Under Scenario 1 the number of stroke deaths will 

increase by 287%, between 2001 and 2051, producing an increase of 6% per 

annum.  However, this is a very conservative estimate of the change in 

mortality over time.  Therefore, a 1% decline in the annual rate of stroke 

mortality was assumed (Scenario 2a), which will produce a 134% increase in 

the number of stroke deaths from 1812 in 2001 to 3640 in 2051, an annual 

increase in stroke deaths of 3%.  Whereas, assuming a more realistic decline 

in stroke mortality of 2% per annum (Scenario 2b), will produce a smaller 

(41%) increase in the number of stroke deaths, an annual increase of only 

1%.  The annual change in the age and sex stroke mortality rates found 

across the three ARCOS studies were applied in Scenario 2c, as it was 

shown in Chapter 7 that trends were varied by age and sex groups.  This 

Scenario projects that the number of new stroke deaths will fall between the 

two previous estimates, with an increase of 105% from 2001 to 2051, an 

annual increase of 2%.  Therefore, it can be concluded that even if the 

projected decline in stroke mortality continues, the number of stroke deaths 

will keep increasing, mainly due to the ageing of the population. 

It is difficult to delineate whether the trends in stroke mortality are due to 

trends in the incidence of stroke or survival.  If mortality continues to decline, 

prevalence rates will increase leading to more people living in the community 

with a history of or lasting disability from stroke.  This will lead to increases in 

the burden on healthcare, in the medium- and long-term.  Therefore, it is 

important to also investigate future trends in the number of new stroke 

patients as well as the number of patients living with the effects of stroke.   
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8.4. Projections of First-Ever Stroke Cases 

To investigate changes in the future burden of stroke it is important to 

estimate the number of new strokes cases that are going to occur, to inform 

the appropriate planning of acute health care services in New Zealand.  The 

projected numbers of new stroke cases in New Zealand were calculated by 

multiplying the age and sex specific incidence rates of stroke from the 2002-

2003 ARCOS study by the estimated age and sex projected New Zealand 

population.  As shown in Chapter 5, stroke incidence rates increased with 

increasing age and declined by 0.5% across the three ARCOS studies, 0.8% 

in males and 0.3% in females.  The projected numbers of new stroke cases 

using different scenarios (Scenarios 1, 3a, 3b, 3c) of changes in the annual 

rate of stroke incidence are presented in Table 8.7 and plotted in Figure 8.2. 
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Table 8.7  Projected number of new stroke cases, using different scenarios of 

demographic and epidemiological changes in the incidence of stroke. 

 S1 S3a S3b S3c 

Year No change 1% ↓ incidence 1% ↑ incidence ARCOS* 

2001 5,666 5,666 5,666 5,666 

2004 6,187 6,003 6,374 6,154 

2006 6,494 6,176 6,825 6,439 

2011 7,259 6,565 8,018 7,172 

2016 8,329 7,163 9,670 8,252 

2021 9,455 7,734 11,537 9,407 

2026 10,959 8,524 14,054 10,895 

2031 12,481 9,232 16,822 12,463 

2036 14,044 9,879 19,894 13,956 

2041 15,290 10,229 22,765 15,021 

2046 16,208 10,311 25,362 15,714 

2051 16,807 10,168 27,641 16,338 

* annual change in age and sex incidence rates found across the three 

ARCOS studies 

 



 

 228 

0

5,000

10,000

15,000

20,000

25,000

30,000

1981 1991 2001 2004 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051

Year

N
um

be
r o

f i
nc

id
en

t s
tr

ok
es

S3b

S1

S3c

S3a

 

S1 = Stable incidence, S3a = 1% annual decline in incidence, S3b = 1% annual increase in incidence, S3c = annual decline in 
incidence by age and sex, from the three ARCOS studies 
 

Figure 8.2  Projections of first-ever stroke cases (adjusted for age and sex) in New Zealand, up to 2051. 
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A number of studies have recently shown stable trends in the incidence rate 

of stroke over time.239, 258, 268, 297, 298, 301, 315, 316, 328, 330  Therefore, Scenario 1 

assumes stable incidence while adjusting for the changes in the age and sex 

projected population of New Zealand.  Assuming no change in the incidence 

of stroke over time, the number of new stroke cases will increase by nearly 

200% between 2001 and 2051, leading to an increase of 4% per annum.  An 

optimistic decline of 1% in the annual incidence rate of stroke, as shown in the 

review of trends in stroke incidence in ideal studies (Chapter 3), was assumed 

in Scenario 3a.  This led to an 80% increase in the number of new stroke 

cases from 5,666 in 2001 to 10,168 in 2051, an annual increase of 2%.  

However, assuming a more pessimistic change in the incidence of stroke of a 

1% increase per annum (Scenario 3b), as shown in a number of European 

stroke incidence studies,318, 319 will produce a dramatic 8% increase in the 

number of new stroke cases of per annum.  The annual change in the age 

and sex specific incidence rates found across the three ARCOS studies were 

applied to the projected population in Scenario 3c, as trends in incidence were 

shown to vary by age and sex, with larger declines in males and also for ages 

75 to 84 years.  This produced projections similar to those where stable 

incidence was assumed, where positive declines in some demographics 

groups were outweighed by stable trends in others.  However, if an optimistic 

decline in the incidence of stroke of 2% per annum, as recently found in 

Oxford,38 was assumed, the future number of new stroke cases would remain 

relatively stable over time (data not shown here).   

In Chapter 6 it was shown that there were ethnic disparities in stroke 

incidence, as well as in trends over time.  Therefore, a sensitivity analysis was 

conducted to control for the effects of ethnicity.  The age, sex and ethnic 

specific incidence rates from the ARCOS 2002-2003 study were applied to the 

age, sex and ethnic specific population projections from 2001 to 2021.402  

Similar increases in the number of new stroke cases were found using 

Scenarios 1, 3a and 3b.  However, when the past age, sex, and ethnic 

specific trends in stroke incidence were applied to the projections, there was a 

dramatic increase in the number of new stroke cases.  This was mainly due to 

the increasing rates in Māori and Pacific populations, particularly in females 
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and small numbers in the population denominators, by age, sex and ethnic 

group, leading to over inflated projections. 

Figure 8.3 presents ethnic specific projections of the number of new stroke 

cases, assuming the overall annual percentage change in incidence for each 

ethnic group and adjusting for age changes in the population.  The will be a 

2% increase in the annual number of first-ever New Zealand European stroke 

cases, from 4519 in 2001 to 6672 in 2021.  There will be a 9% annual 

increase in the number of Māori and Asian & Other ethnic groups (Māori: 467 

in 2001 to 1319 in 2021; Asian & Other: 209 in 2001 to 592 in 2021).  The 

largest increase in the number of new stroke cases will occur in the Pacific 

ethnic group, with an increase of 16% per annum, from 232 in 2001 to 972 in 

2021.  This is mainly due to ageing at a greater rate in the minority ethnic 

groups compared to New Zealand Europeans and increases in immigration in 

the Pacific and Asian populations. 
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Figure 8.3  Ethnic specific projections of incident stroke cases (adjusted for age) in New Zealand, up to 2021. 
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8.5. Projections of First-Ever Prevalent Cases 

It is important to estimate the number of first-ever prevalent cases, and people 

living with lasting effects from stroke, to assess the burden on families, the 

community and health care providers.  Prevalence is influenced by the 

incidence and the duration of the disease, survival.  The future numbers of 

first-ever prevalent stroke patients were calculated by multiplying the 

projected population data by the age and sex prevalence rates from the most 

recent ARCOS study, 2002-2003 (Section 8.1).  A combination of scenarios 

were used, assuming changes in incidence and survival, to provide an 

estimated range of projected prevalence over time and are presented in Table 

8.8 and Figure 8.4. 

Scenario 1 presents the projected number of new stroke patients surviving 

one year after stroke, adjusting for the age and sex changes in the New 

Zealand population and assuming stable incidence and survival.  This 

produced an increase in the number of prevalent stroke patients from 3,714 in 

2001 to 10,347 in 2051, which is an absolute increase in the number of over 

6,400 (178%), a 4% increase per annum.  Whereas, assuming a 1% annual 

decline in the incidence of stroke and stable survival (Scenario 3a), the 

estimated number of prevalent cases is estimated to increase by 69% 

between 2001 and 2051, an increase of 1% per annum.  Assuming an 

improvement in mean survival of 2.5 days per annum and stable incidence 

(Scenario 4), will increase the estimated number of prevalent cases by 335%, 

an increase of 7% per annum.  However, combining the approximate trends 

found across the ARCOS studies (Scenario 3a + 4), by taking into account 

both a 1% annual decline in the incidence of stroke and a 2.5 day 

improvement in annual survival, the estimated number of prevalent cases will 

increase by 3% per annum.  This is only slightly less than if no change in 

incidence or survival was assumed, so it appears that the improvement in the 

incidence and survival from stroke are additive and cancel each other out in 

the trends in prevalence. 
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Table 8.8  Projected number of first-ever prevalent stroke cases, using 

different scenarios of demographic and epidemiological change. 

 S1 S3a S4 S3a + S4 

Year No change 1% ↓ incidence 2.5 day ↑ 
survival 

1% ↓ incidence, 
2.5 day ↑ survival

2001 3,714 3,714 3,714 3,714 

2004 4,051 3,930 4,175 4,051 

2006 4,238 4,030 4,455 4,237 

2011 4,701 4,252 5,188 4,692 

2016 5,374 4,622 6,212 5,343 

2021 6,099 4,989 7,369 6,028 

2026 7,040 5,476 8,885 6,911 

2031 7,977 5,900 10,507 7,772 

2036 8,889 6,253 12,232 8,605 

2041 9,602 6,424 13,782 9,220 

2046 10,072 6,408 15,085 9,597 

2051 10,347 6,260 16,144 9,767 
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S1 = stable survival and incidence, S3a = 1% decline in incidence, stable survival, S4 = 2.5 day increase in mean survival, no change in 
incidence, S3a + S4 = 2.5 day increase in mean survival + a 1% decline in incidence 
 

Figure 8.4  Projections of first-ever prevalent stroke cases (adjusting for age and sex), in New Zealand, up to 2051. 
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To estimate the projected population with lasting disability from stroke, the 

proportions (by age and sex) of those patients dependent or living in 

institutional care at the six month interview, were multiplied by the projected 

number of prevalent strokes.  When the approximate trends in incidence and 

survival found across the ARCOS studies (Scenarios 3a + 4) were assumed, 

the number of patients dependent on others for activities of daily living will 

increase by 164%, from 681 in 2001 to 1801 in 2051, an increase of 3% per 

annum.  Whereas, the number of patients living in institutional care six months 

after their stroke will increase by 271%, from 582 in 2001 to 2158 in 2051, a 

5% increase per annum.  This large increase is due to the large proportion of 

elderly patients living in institutional care.  However, as shown in Table 8.3, 

there will not be a large change in the net proportion of people living in 

institutional care between before and after stroke. 

8.6. Discussion 

Extrapolation of historic trends into the future provides insight into the 

population groups most likely to suffer the highest burden of disease and 

creates a benchmark to guide future healthcare planning and prevention 

efforts.  These results show dramatic increases in the future number of stroke 

deaths, new stroke cases and people living with the effects of stroke in New 

Zealand.  A large part of this increase is an inevitable consequence of ageing 

of the New Zealand population, even in the light of decreasing trends in the 

rate of stroke.  Increases in the number of people having a stroke will result in 

an increased burden on acute healthcare and improvements in survival will 

result in the increased burden on the long-term healthcare of survivors of 

stroke.   

A dramatic increase in the number of stroke deaths occurring in New Zealand 

over the next 50 years was found.  It was estimated, using the age and sex 

specific trends in stroke mortality found across the three ARCOS studies, that 

the number of stroke deaths would increase by 2% per annum.  The New 

Zealand population is estimated to increase y 1% per annum over the same 

period.  Therefore, only half of the increase in the stroke deaths could be 

attributed to increases in the age distribution of the New Zealand population.  
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Similar increases in the number of stroke deaths were found in a New 

Zealand Ministry of Health report that estimated a 3% increase per annum, 

assuming stable incidence and case fatality.474  These results from New 

Zealand are comparable with 30 year projections of death from ischaemic 

stroke in the US, where it was found that the future number of stroke deaths 

would outpace the overall growth of the population.22  This study assumed 

small declining trends in stroke mortality, adjusting for age, sex and ethnicity, 

and found an increase of 3% per annum, with the greatest projected 

increases occurring in ethnic minority groups.22  An early study from Japan 

also found increases in the number of stroke deaths despite declining trends 

in stroke mortality.475  If a 2% decline in the rate of mortality across all age 

and sex groups, was assumed in the current analyses, then the number of 

stroke deaths would still increase but to a lesser extent, which was mainly due 

to the increase in the older population of New Zealand.   

As discussed previously in Chapter 3, trends in mortality are determined by 

trends in incidence and survival from stroke.  The large increases in the 

number of stroke deaths are related, in part, to the large estimated increases 

in the number of new stroke cases occurring.  Assuming the age and sex 

trends in incidence found across the three ARCOS studies, the numbers of 

new stroke cases were estimated to increase by 4% per year.  These 

increasing future trends in the number of stroke cases were similar to those 

where stable trends in incidence overall were assumed.  Therefore, it seems 

that the significant declines in incidence seen in males and among patients 

aged 65 to 74 years (shown in Chapter 5) were cancelled out by stable or 

non-significant declines in other demographic groups.  If a 2% annual decline 

in the incidence of stroke, similar to that shown in Oxford38 was assumed, 

then the number of new strokes cases would remain relatively stable over 

time.  However, it seems that unless drastic action is taken to prevent new 

strokes, in the current climate, these large declines in incidence appear 

unattainable in New Zealand.   

The large increase in the number of new stroke cases was greater than those 

found in other studies conducted around the world, an 0.8% annual increase 
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in the Netherlands,21 0.7% in the UK380 and 2.6% in the US.382  However 

these studies did not adjust for historical trends in incidence, assuming stable 

rates over time.  A study from the Netherlands, assumed a declining trend in 

incidence, based on past trend data from Rochester, a decrease in the future 

number of stroke cases was found.258  However, this study was based on 

trend data from before the 1980s and didn’t take into account the stabilising 

trends during the 1980s and 1990s.  The New Zealand population appears to 

be ageing at a faster rate than other populations around the world, with larger 

increases in the proportion of people aged over 65 years, which may explain 

the larger projected increases in the number of stroke cases estimated in New 

Zealand.  There is also large ethnic variation within New Zealand and the 

projected increases in the number of strokes were larger in ethnic minority 

groups.  These ethnic minority groups are expected to grow in future years 

due to increases in immigration and ageing at a faster rate than New Zealand 

Europeans. 

The estimates of prevalence presented in these analyses approximate the 

number of new stroke cases surviving one year after their stroke and provide 

insight into the burden on health care and services.  These were crude 

estimates of prevalence, which do not take into account people already living 

with a history of stroke, so are likely to be underestimates of the total 

prevalence of stroke.  Previous studies have estimated a stroke prevalence 

rate of up to 1000 per 100,000 in the community.21, 169, 474, 476, 477  Assuming a 

1% annual decline in the incidence of stroke and an improvement in survival 

of 2.5 days per annum, the overall trends found across the three ARCOS 

studies, the number of prevalent strokes were estimated to increase by 3% 

per annum.  It seems that the trends in incidence and survival are additive, 

where the declining trends in incidence and the improvements in survival 

cancelled each other out in the projected number of prevalent stroke cases.  

Therefore, the results were similar to those where stable incidence and 

survival were assumed.  Previous results from New Zealand projected the 

number of prevalent stroke cases from 1991 to 2001, assuming a 1% decline 

in incidence and a 1% decline in case fatality and found a 2% increase in 

stroke prevalence per annum.474  When no change in incidence or case 
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fatality was assumed the annual increase in prevalence was approximately 

3%.  Therefore, although the estimates of prevalence presented in these 

analyses are crude, they present similar results of the increasing burden of 

stroke as shown in published data. 

It is important to also approximate the number of new stroke patients that will 

live with lasting disability or dependency from their stroke, to estimate the 

burden on medium- to long-term healthcare.  It was estimated that only 26% 

of the population alive at six months after their first-ever stroke, felt they had 

fully recovered.  Approximately 20% were left with lasting disability and 

remained dependent on others for help with everyday activities of daily living 

and 15% were living in institutional care.  However, it was shown in Section 

8.1.1, that there will be only a small increase in the net proportion of patients 

dependent between pre- and post-stroke, with a decline in the net proportion 

living in institutional care.  This is mainly due to the fact that older stroke 

patients, who were more likely to be dependent or living in institutional care 

before their stroke, were more likely to die as a result of their stroke.  Similar 

results have been shown in a number of other studies conducted in the UK 

and Europe, where the number of newly dependent stroke cases, disabled as 

a result of their stroke, did not increase over time.380, 381 Therefore, it appears 

that the increasing number of elderly stroke patients may result in a lessening 

in the burden on medium- to long-term healthcare of dependent stroke 

patients in the community.  Hence, the increased in burden on healthcare is 

more likely to be as a result of increased use of acute care rather than from 

long-term disability.  However, continued improvements in survival will result 

in a dramatic increase in the number of people living with the effects of stroke.  

A number of different methods have been used to estimate future projections 

of stroke mortality, incidence and prevalence.  Several investigators have 

used state-event transition models, integrating information about incidence 

and case fatality to model stroke event data and project rates into the 

future.20, 21, 474  Such models have the potential to create more refined 

estimates of risk in the population but require multiple assumptions about 

incidence and mortality rates that can be difficult to estimate.  Typically, 
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historical data from published studies have been used to determine trends in 

the risk of disease, not from their own population.20, 21  Age-period-cohort 

modelling has also been used to model and forecast future stroke mortality in 

Sweden.478  This type of model incorporates additional variables to account for 

factors present around the time of death (period effect) and factors present in 

early life (cohort effect) in their study population.  Although such models are 

useful in identifying factors that account for changes in historical mortality 

data, their utility in making future projections is constrained by the multiple 

arbitrary assumptions that must be made to predict future cohort, age, and 

period effects.479  Other studies have used simplistic modelling, simply 

multiplying current stroke rates by the projected population and not adjusting 

for historical trends in rates.380, 381 

The current model used historical trends in the rate of stroke from the three 

ARCOS studies to project the most current event rates from the third ARCOS 

study (2002-2003), estimating the future number of strokes and stroke deaths 

occurring in New Zealand.  The principal assumption of this model was that 

historical trends in stroke incidence and survival found in Auckland were 

applicable to the New Zealand population and will continue in the future.  The 

various scenarios assumed that the trends were constant over time and 

provided optimistic and pessimistic limits within which the true projected 

number of strokes would fall.  Assessing the likelihood that historical trends 

will continue over time, is complicated by the uncertainty about the causes of 

past changes in stroke rates.  Dramatic improvements in primary and 

secondary prevention strategies will modify the projected increases in stroke 

incidence and mortality.  Whereas, greater improvements in survival after 

stroke, will increase the number of people living with a history of stroke, but 

decrease stroke related mortality over time. 

Future projections of stroke rates and numbers also depend on the reliability 

of the projected population.  The Statistics New Zealand population 

projections rely on a number of assumptions about changes in fertility, 

mortality and net migration.401  For the current analyses the mid-range 

projection (Series 5) was used to model future population changes.  This 
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assumed that the total fertility rate would decrease to 1.85 births by 2016 and 

then remain constant, life expectancy at birth will increase to 83.5 years for 

males and 87.0 years for females, and from the year 2009 there will be a 

long-term annual net migration of 10,000 people.401  Increases in the elderly 

population are estimated to be most marked in the ethnic minority populations 

in New Zealand.19  These projections indicate that the doubling of the elderly 

population (≥65 years of age) over the next 50 years will be the predominant 

socio-demographic change affecting increases in the number of stroke cases 

and deaths.  There is also greater uncertainty in the ethnic specific population 

projections, as there are small numbers in the age, sex, ethnic groups causing 

less precise estimates of fertility, migration and inter-ethnic mobility (changing 

ethnic identity over time).402  Therefore, the ethnic specific population 

projections were only estimated for 20 years.  The ethnic specific projections 

of the number of new stroke care are crude estimates, as rates from the 

Auckland population were applied to the New Zealand population.  The ethnic 

projections were not based on prioritised ethnicity, as used in the ARCOS 

studies and rates, so people can belong to more than one ethnic group.  This 

may have led to overestimation of the numbers of strokes within ethnic 

groups.  A limitation in this analysis is that data on stroke rates based on the 

Auckland population were generalised to the NZ population.  This may be 

problematic because of the ethnic structure of the Auckland population is 

different from the New Zealand population, with higher proportions of Pacific 

and Asian populations.  However, the age and sex structures of the Auckland 

and New Zealand populations are quite similar.   

There are a number of other limitations to the current analyses that need to be 

acknowledged.  As mentioned previously, a crude measure of prevalence was 

used which does not take into account people already living in the population 

with a history of stroke before 2002, so the rates are underestimates of the 

total prevalence of stroke in Auckland.  This measures the number of new 

stroke patients per year living with lasting effects from their stroke.  

Projections by stroke subtypes were not conducted because there were small 

numbers by age and sex, and past trends could not be estimated due to low 

rates of imaging in the earlier ARCOS studies. Changes in disability over time 
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could not be modelled because of slight variations in the study and 

questionnaire design between the three ARCOS studies.  Therefore, changes 

in disability were inferred from the most recent ARCOS study.  The 

projections did not take into account changes in co-morbid disease and 

changes in risk factors over time as it was not possible to obtain population 

data by the different risk factors.  However, Struijs et al. found that adding 

changes in hypertension and smoking to the projection models modified the 

projected increase in the number of stroke cases by only a small amount.21  

The projections provided here are to act as a rough guideline for the probable 

future burden that will be placed on public healthcare over the next 50 years 

due to stroke or stroke related disability.   

It is predicted that the increases in the ageing of the population in New 

Zealand is likely to place increased demand on health services, even in the 

light of declining trends in the rates of disease.  Improved implementation of 

established prevention measures and the development of new therapies could 

result in lower than expected rates in stroke mortality or incidence.  To reduce 

the number of strokes and stroke deaths occurring, more efforts need to be 

placed on primary and secondary prevention methods.  Population-based 

approaches to reduce hypertension and smoking and improve population 

lifestyles through increased physical activity and better nutrition are effective 

primary prevention strategies.  However, there is also a need to focus on high 

risk groups as disparities in the rates of stroke between population groups are 

growing over time. 
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9.   CONCLUSIONS AND IMPLICATIONS 

The main goal of this thesis was to investigate trends in stroke incidence and 

outcome in Auckland, New Zealand over the past two decades and explore 

disparities in these trends between ethnic groups.  This was achieved by 

combining data from three large population-based ideal stroke incidence 

studies conducted in Auckland between 1981 and 2003.  The historical trends 

in incidence and outcome were used to estimate the future burden of stroke in 

New Zealand to inform healthcare planners and policy makers of the 

impending burden. 

9.1. Summary of Results 

Trends in the incidence of stroke were found to be declining over time.  

However, these declines were not consistent across various demographic 

groups.  Significant declines occurred in males, the “young-old” (aged 65 to 

74 years) and among New Zealand Europeans.  Increasing trends were found 

among Māori and Pacific ethnic groups, leading to growing ethnic disparities 

in the rate of stroke in New Zealand.  This appears to be associated with the 

growing burden of major risk factors for stroke and the failure of primary and 

secondary prevention strategies in these groups. 

Dramatic improvements in survival were found over the study period.  Most of 

the improvement occurred during the acute period, within 28-days of the 

stroke, and between 1981 and 1991.  These improvements in survival were 

consistent across most demographic groups.  In survival modelling it was 

found that changes in patient and disease severity factors explained only part 

of the improvement in survival over time.  However, when management 

factors such as changes in admission to hospital and the use of neuroimaging 

were adjusted for, most of the improvement in survival was explained.   

Using these historical trends in stroke incidence and survival it was found that 

the future burden of stroke will increase by 3% per annum over the next 50 

years.  A third of this increase could be explained by the ageing of the New 

Zealand population over time.  If the incidence of stroke could be reduced by 
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2% per annum, the number of new strokes occurring would remain relatively 

stable over time.  The largest increase in the number of new strokes may be 

due to dramatic increases in the Pacific population in New Zealand, with 

increasing burden in Māori and Asian populations due to ageing at a faster 

rate than New Zealand Europeans.  These results confirmed previous 

projections of the future burden of stroke in New Zealand and provide useful 

needs assessment for planning the funding and provisions of stroke 

services.474   

9.2. Study Strengths and Limitations 

The main strength of this study was that three large population-based stroke 

incidence studies were used to investigate trends in the rate of stroke over 

time.  These three studies used similar case finding methods and definitions 

and have been shown to fulfil the stringent criteria for an ideal stroke 

incidence study, thereby enabling comparability of data over time.  There are 

currently only a limited number of stroke incidence studies that have fulfilled 

the ideal criteria and investigated trends in the rate of stroke.  This is the first 

to investigate ethnic disparities in these trends. 

There are a number of possible limitations to these analyses that should be 

acknowledged.  There were sampling methods used to ascertain cases of 

stroke in the first two studies. This, along with improvements in case 

ascertainment and neuroimaging over time, may have lead to the increased 

inclusion of milder cases of stroke in the third study.  However, it was shown 

that all three studies fulfilled a number of international quality measures and 

the estimated number of patients missing, through capture recapture 

methods, was small in all three studies.  Another limitation was that trends in 

rates across the major stroke subtypes could not be analysed due to the low 

levels of neuroimaging in the earlier studies.  However, if a new study was to 

be conducted during the next decade more detailed trends by stroke subtype 

could be investigated.  Finally, detailed analyses of changes in hospital 

management over time could not be since the 1981-1982 study only collected 

limited information on the hospital management of patients.   
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9.3. Implications for Future Research 

There are only 12 ideal stroke incidence studies (including the current 

analysis) that have investigated trends in the incidence of stroke over time.  

Many of these studies were based on small populations with a limited number 

of strokes occurring per annum, leading to greater variation around the rates 

and trends over time.  Therefore, there is a need for further population-based 

stroke incidence studies large enough to identify accurate trends in the rate of 

stroke within a population.  Such studies need to focus on changes in 

management and prevention strategies to see how these effect trends in 

stroke incidence and outcome.   

The STEPS-stroke program was developed by the WHO to encourage all 

countries worldwide to survey stroke using different levels of epidemiological 

data.251  This will enable developing countries to add to the surveillance of 

stroke worldwide and how the burden is changing over time with respect to 

changing risk factors and treatment programs.  It is recommended that 

countries progress through the stages of surveillance to eventually collect 

population-based information on stroke.  This will provide comparable 

information on stroke worldwide and enable global investigations into trends 

and the future burden in the rate of stroke. 

It was shown that ethnic disparities in the rate of stroke were growing over 

time.  Therefore, population-based studies need to be conducted on ethnic 

disparate populations to identify ongoing disparities between groups and how 

these are changing over time.  Future research will benefit from assessing 

ways to increase the uptake of interventions and lifestyle changes among 

different ethnic groups, thus aiding in reversing the disparities in stroke 

incidence.  This data may be applicable to other ethnically disparate 

populations that haven’t had the opportunity, or resources, to investigate 

population-wide trends in stroke.   

The most recent ARCOS study (2002-2003) collected detailed data on stroke 

subtypes, management and outcome.  Therefore, a similar study conducted 

during the next decade will provide more in depth detail as to the explanations 
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for the changing trends in incidence and outcome and delineate the trends in 

ethnic disparities.  A detailed follow up of the 2002-2003 study cohort will 

enable comparisons of outcome data with previous follow ups of the 1981-

1982 and 1991-1992 cohorts, leading to the investigation of trends in long-

term survival, dependency and quality of life after stroke.  It may also be 

possible to develop a prognostic model of short- to long-term outcome after 

stroke based on the 2002-2003 study, which could be validated on a future 

study conducted in Auckland.  This will be useful for assessing the risk of 

death and disability in patients and guiding the treatment and secondary 

prevention of stroke and other co-morbid diseases.   

9.4. Implications for Policy and Practice 

The current results show small declines in the incidence of stroke with 

dramatic improvements in survival over time.  It is also expected that the 

future number of stroke patients will increase even in the light of declining 

trends.  It is important that stroke related health policies aim to reduce the 

number of strokes occurring through primary and secondary prevention 

methods, reduce the severity of strokes through the timely treatment and 

management of the disease and improve disability and outcome from stroke 

through the appropriate medium- to long-term care of the patient.  Incidence 

reductions could be achieved through population-wide stroke prevention 

strategies, such as health education programs targeting smoking cessation, 

promoting increased physical activity and healthy eating, and reducing fat and 

salt content in manufactured foods.  Better cardiovascular risk management in 

the primary health care setting will be important including established 

strategies complemented by new tools, such as electronic decision support 

and perhaps in the future by technologies such as the poly-pill. 

These findings also emphasise the importance of additional community-based 

intervention and prevention programs targeting those at highest vascular risk, 

ethnic minority groups, older age groups and people with recent TIA.  It was 

estimated that the future burden of stroke will be greater in ethnic minority 

groups.  However, case fatality was similar between the ethnic groups in the 

2002-2003 study.  Therefore, the reduction of disparities due to stroke in New 
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Zealand will require particular efforts in primary prevention.  These programs 

need to be tailored for specific ethnic groups and are culturally appropriate, so 

cultural community leaders and health-professionals need to be consulted in 

the development of any new programs, such as smoking interventions in 

Māori and nutrition education in Pacific populations.  There are already a 

number of policies developed by the New Zealand Ministry of Health that aim 

to reduce disparities in health and major cardiovascular risk factors.152, 443, 480, 

481  Most of these policies involve population-wide initiatives, along with ethnic 

specific targets and education programs.  However, the current study 

highlights stroke as a growing problem in New Zealand, with increasing 

disparities between ethnic groups which needs to be addressed in the revision 

of old and development of new health strategies. 

The increasing number of new strokes occurring will place increased burden 

on an already stretched acute stroke care system.  The New Zealand stroke 

guidelines recommend that every stroke patient should benefit from 

multidisciplinary care either in a stroke unit or similar.206  However, there are 

only limited organised stroke care teams and units throughout New Zealand.  

It is important that organised stroke care is initiated in all hospitals around 

New Zealand, to ensure equal quality of care and essentially improving 

outcome after stroke.  Therefore, more healthcare resources need to be 

invested into acute stroke services in New Zealand.   

The positive improvements in survival shown in this study, will lead to an 

increasing number of people living with the effects of stroke, which in turn, will 

produce increasing numbers of patients, dependent or institutionalised.  This 

along with declines in the length of stay in hospital will lead to increased use 

of post-acute care facilities and increased burden on families and informal 

care givers.  Therefore, more medium- to long-term care facilities are needed 

in the future to accommodate this increased burden.  However, it was shown 

that the increase in the net proportion of stroke patients dependent or 

institutionalised as a result of their stroke is likely to be small, as patients 

dependent or institutionalised pre- stroke are more likely to die as a result of 

their stroke.  Given the estimates of ethnic specific projections, the nature of 
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long-term care will need to cater for a wide range of ethnicities and cultures.  

The development of Māori and Pacific Health models and strategies have 

identified the different philosophies towards health and home care within 

ethnic groups.439, 482  The current analysis has identified stroke as a growing 

burden within these populations which needs to be addressed in future 

revisions of these strategies, highlighting stroke care and education in these 

groups. 

It is important to educate stroke patients, and their families and carers about 

stroke and its related disabilities, how to care for stroke victims and the 

increased risk of secondary stroke and other diseases.  This information 

needs to be cross cultural, as well as culturally specific as typical care varies 

between cultures.  This is particularly important for Pacific ethnic groups, as it 

has been shown that recurrent stroke is increasing in these populations over 

time.  There is also a need to educate the general public about the risks of 

stroke, as well as the typical signs and symptoms and the need to access 

emergency medicine as quickly as possible is needed to maximise treatment 

benefits in the acute phase of the disease.  The initiation of stroke week in 

New Zealand is a good start but more frequent discussions on radio and 

television are needed to maintain current awareness of the disease. 

 



 

 248

10. REFERENCES 

1. The Lancet Neurology. Tackling the global burden of stroke. The 
Lancet Neurology. 2005;4:689 

2. United Nations. World Population Ageing 1950-2050. New York: United 
Nations Publications; 2001. 

3. Murray CJ, Lopez AD. Alternative projections of mortality and disability 
by cause 1990-2020: Global Burden of Disease Study. The Lancet. 
1997;349:1498-1504 

4. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. Global and 
regional burden of disease and risk factors, 2001: systematic analysis 
of population health data. The Lancet. 2006;367:1747-1757 

5. MacKay J, Mensah G. The Atlas of Heart Disease and Stroke. Geneva, 
Switzerland: World Health Organization, Centers for Disease Control 
and Prevention; 2004. 

6. World Health Organization. The World Health Report, 2003. Shaping 
the future. Geneva: WHO; 2003. 

7. Murray CJ, Lopez AD. Regional patterns of disability-free life 
expectancy and disability-adjusted life expectancy: Global Burden of 
Disease Study. The Lancet. 1997;349:1347-1352 

8. World Health Organization. Preventing chronic diseases: a vital 
investment: WHO global report. Geneva: WHO; 2005. 

9. Strong K, Mathers C, Leeder S, Beaglehole R. Preventing chronic 
diseases: how many lives can we save? The Lancet. 2005;366:1578-
1582 

10. Kalache A, Aboderin I. Stroke: The global burden. Health Policy & 
Planning. 1995;10:1-21 

11. Brown RD, Whisnant JP, Sicks JD, O'Fallon WM, Wiebers DO. Stroke 
incidence, prevalence, and survival: secular trends in Rochester, 
Minnesota, through 1989. Stroke. 1996;27:373-380 

12. Blakely T, Ajwani S, Robson B, Tobias M, Bonne M. Decades of 
Disparity: widening ethnic mortality gaps from 1980 to 1999. NZ Med J. 
2004;117:1-21 

13. Bonita R, Broad JB, Beaglehole R. Ethnic differences in stroke 
incidence and case fatality in Auckland, New Zealand. Stroke. 
1997;28:758-761 

14. Gorelick PB. Cerebrovascular Disease in African Americans. Stroke. 
1998;29:2656-2664 

15. Stansbury JP, Jia H, Williams LS, Vogel WB, Duncan PW. Ethnic 
disparities in stroke: epidemiology, acute care, and postacute 
outcomes. Stroke. 2005;36:374-386 

16. Wolfe CD, Rudd AG, Howard R, Coshall C, Stewart J, Lawrence E, 
Hajat C, Hillen T. Incidence and case fatality rates of stroke subtypes in 
a multiethnic population: the South London Stroke Register. J Neurol 
Neurosurg Psychiatry. 2002;72:211-216 

17. Centers for Disease Control, Prevention. Disparities in deaths from 
stroke among persons aged <75 years-United States, 2002. MMWR. 
2005;54:477-481 



 

 249

18. Gillum RF. Stroke mortality in blacks. Disturbing trends. Stroke. 
1999;30:1711-1715 

19. Cornwall J, Davey J. Impact of Population Ageing in New Zealand on 
the Demand for Health and Disability Support services, and Workforce 
Implications. Wellington: Ministry of Health; 2004. 

20. Niessen LW, Barendregt JJ, Bonneux L, Koudstaal PJ, for the 
Technology Assessment Methods Project Team. Stroke trends in an 
aging population. Stroke. 1993;24:931-939 

21. Struijs JN, van Genugten MLL, Evers SMAA, Ament AJHA, Baan CA, 
van den Bos GAM. Modeling the future burden of stroke in the 
Netherlands: impact of aging, smoking, and hypertension. Stroke. 
2005;36:1648-1655 

22. Elkins JS, Johnston SC. Thirty-year projections for deaths from 
ischemic stroke in the United States. Stroke. 2003;34:2109-2112 

23. Levi F, Lucchini F, Negri E, La VC. Trends in mortality from 
cardiovascular and cerebrovascular diseases in Europe and other 
areas of the world. Heart. 2002;88:119-124 

24. Bamford JM, Sandercock P, Dennis M, Warlow C, Jones J, McPherson 
K, Vessey MP, Fowler G, Molyneux AJ, Hughes T, Burn J, Wade DT. A 
prospective study of acute cerebrovascular disease in the community: 
the Oxfordshire Community Stroke Project 1981-1986. J Neurol 
Neurosurg Psychiatry. 1988;51:1373-1380 

25. Coull AJ, Silver LE, Bull LM, Giles MF, Rothwell PM, Oxford Vascular 
Study. Direct assessment of completeness of ascertainment in a stroke 
incidence study. Stroke. 2004;35:2041-2045 

26. Bonita R, Broad JB, Anderson NE, Beaglehole R. Approaches to the 
problems of measuring the incidence of stroke: the Auckland stroke 
study, 1991-1992. Int J Epidemiol. 1995;24:535-542 

27. Sudlow CLM, Warlow CP. Comparing stroke incidence worldwide.  
What makes studies comparable? Stroke. 1996;27:550-558 

28. Malmgren R, Warlow C, Bamford J, Sandercock P. Geographical and 
secular trends in stroke incidence. The Lancet. 1987;2:1196-1200 

29. Feigin VL, Vander Hoorn S. How to study stroke incidence. The 
Lancet. 2004;363:1920-1921 

30. Feigin VL, Lawes CM, Bennett DA, Anderson CS. Stroke epidemiology: 
a review of population-based studies of incidence, prevalence, and 
case-fatality in the late 20th century. The Lancet Neurology. 2003;2:43-
53 

31. Feigin VL, Carter K. Stroke incidence studies one step closer to the 
elusive gold standard? Stroke. 2004;35:2045-2047 

32. Jamrozik K. Stroke. A looming epidemic? Aust Fam Physician. 
1997;26:1137-1143 

33. Gillum RF, Sempos CT. The end of the long-term decline in stroke 
mortality in the United States? Stroke. 1997;28:1527-1529 

34. Bonita R, Beaglehole R. Explaining stroke mortality trends. Lancet. 
1993;341:1510-1511 

35. Thom TJ. Stroke mortality trends. An international perspective. Ann 
Epidemiol. 1993;3:509-518 

36. Sarti C, Rastenyte D, Cepaitis Z, Tuomilehto J. International trends in 
mortality from stroke, 1968 to 1994. Stroke. 2000;31:1588-1601 



 

 250

37. Thorvaldsen P, Kuulasmaa K, Rajakangas AM, Rastenyte D, Sarti C, 
Wilhelmsen L. Stroke trends in the WHO MONICA project. Stroke. 
1997;28:500-506 

38. Rothwell PM, Coull AJ, Giles MF, Howard SC, Silver LE, Bull LM, 
Gutnikov SA, Edwards P, Mant D, Sackley CM, Farmer A, Sandercock 
PA, Dennis MS, Warlow CP, Bamford JM, Anslow P, Study OV. 
Change in stroke incidence, mortality, case-fatality, severity, and risk 
factors in Oxfordshire, UK from 1981 to 2004 (Oxford Vascular Study). 
The Lancet. 2004;363:1925-1933 

39. Bonita R, Beaglehole R. Trends in cerebrovascular disease mortality in 
New Zealand. NZ Med J. 1982;95:411-414 

40. Ajwani S, Blakely T, Robson B, Tobias M, Bonne M. Decades of 
Disparity: Ethnic mortality trends in New Zealand 1980-1999. 
Wellington: Ministry of Health and University of Otago; 2003. 

41. Kennedy BS, Kasl SV, Brass LM, Vaccarino V. Trends in hospitalized 
stroke for blacks and whites in the United States, 1980-1999. 
Neuroepidemiology. 2002;21:131-141 

42. Kissela B, Schneider A, Kleindorfer D, Khoury J, Miller R, Alwell K, 
Woo D, Szaflarski J, Gebel J, Moomaw C, Pancioli A, Jauch E, Shukla 
R, Broderick J. Stroke in a biracial population: the excess burden of 
stroke among blacks. Stroke. 2004;35:426-431 

43. Kleindorfer D, Broderick J, Khoury J, Flaherty M, Woo D, Alwell K, 
Moomaw CJ, Schneider A, Miller R, Shukla R, Kissela B. The 
Unchanging Incidence and Case-Fatality of Stroke in the 1990s: A 
Population-Based Study. Stroke. 2006;37:2473-2478 

44. McNaughton H, Weatherall M, McPherson K, Taylor W, Harwood M. 
The comparability of community outcomes for European and non-
European survivors of stroke in New Zealand. NZ Med J. 2002;115:98-
100 

45. Bonita R, Beaglehole R, North JD. Event, incidence and case fatality 
rates of cerebrovascular disease in Auckland, New Zealand. Am J 
Epidemiol. 1984;120:236-243 

46. Bonita R, Beaglehole R, North JDK. The long-term monitoring of 
cardiovascular disease: Is it feasible? Community Health Studies. 
1983;7:111-116 

47. Tunstall-Pedoe H. The World Health Organization MONICA project 
(MONItoring trends and determinants in CArdiovascular disease): A 
major international collaboration. J Clin Epidemiol. 1988;41:105-114 

48. Albers GW, Caplan LR, Easton JD, Fayad PB, Mohr JP, Saver JL, 
Sherman DG, for the TIA working group. Transient ischemic attack: 
proposal for a new definition. N Engl J Med. 2002;347:1713-1716 

49. Lovett JK, Dennis MS, Sandercock PA, Bamford J, Warlow CP, 
Rothwell PM. Very early risk of stroke after a first transient ischemic 
attack. Stroke. 2003;34:e138-140 

50. Coull AJ, Lovett JK, Rothwell PM. Population based study of early risk 
of stroke after transient ischaemic attack or minor stroke: implications 
for public education and organisation of services. BMJ. 2004;328:326-
320 



 

 251

51. World Health Organization. Avoiding Heart Attacks and Strokes. Don't 
be a victim - Protect yourself. Geneva: WHO, World Self Medication 
Industry, World Heart Federation; 2005. 

52. Goldszmidt AJ, Caplan LR. Stroke Essentials. Michigan: Physicians 
Press; 2003. 

53. Adams H, Jr, Bendixen B, Kappelle L, Biller J, Love B, Gordon D, 
Marsh E, 3rd. Classification of subtype of acute ischemic stroke. 
Definitions for use in a multicenter clinical trial. TOAST. Trial of Org 
10172 in Acute Stroke Treatment. Stroke. 1993;24:35-41 

54. Warlow CP, Dennis MS, van Gijn J, Hankey GJ, Sandercock PAG, 
Bamford JM, Wardlaw J. Stroke. A practical Guide to Management. 
Oxford: Blackwell Science Ltd.; 1996. 

55. Sandercock P, Molyneux A, Warlow C. Value of computed tomography 
in patients with stroke: Oxfordshire Community Stroke Project. BMJ. 
1985;290:193-197 

56. Bonita R. Epidemiology of stroke. The Lancet. 1992;339:342-344 
57. Bamford J, Sandercock P, Dennis M, Warlow C, Burn J. Classification 

and natural history of clinically identifiable subtypes of cerebral 
infarction. The Lancet. 1991;337:1521-1526 

58. Ministry of Health. A Snapshot of Health: provisional results of the 
2002/03 New Zealand Health Survey. Wellington: Ministry of Health; 
2003. 

59. Sacco RL, Boden-Albala B, Gan R, Chen X, Kargman DE, Shea S, 
Paik MC, Hauser WA. Stroke incidence among white, Black, and 
Hispanic residents of an urban community: the Northern Manhattan 
Stroke Study. Am J Epidemiol. 1998;147:259-268 

60. Linn FH, Rinkel GJ, Algra A, van Gijn J. Incidence of subarachnoid 
hemorrhage: role of region, year, and rate of computed tomography: a 
meta-analysis. Stroke. 1996;27:625-629 

61. Bonita R, Thomson S. Subarachnoid hemorrhage: Epidemiology, 
diagnosis, management, and outcome. Stroke. 1985;16:591-594 

62. van Gijn J, Rinkel GJ. Subarachnoid haemorrhage: diagnosis, causes 
and management. Brain. 2001;124:249-278 

63. Mullins CD, Blatt L, Gbarayor CM, Yang H-WK, Baquet C. Health 
disparities: A barrier to high-quality care. Am J Health-Syst Pharm. 
2005;62:1873-1882 

64. Senior PA, Bhopal R. Ethnicity as a variable in epidemiological 
research. BMJ. 1994;309:327-330 

65. Yancy CW, Benjamin EJ, Fabunmi RP, Bonow RO. Discovering the 
Full Spectrum of Cardiovascular Disease: Minority Health Summit 
2003: Executive Summary. Circulation. 2005;111:1339-1349 

66. Chaturvedi N. Ethnicity as an epidemiological determinant--crudely 
racist or crucially important? Int J Epidemiol. 2001;30:925-927 

67. Saposnik G. Ethnicity in stroke: practical implications. Stroke. 
2000;31:2732-2733 

68. Fustinoni O, Biller J. Ethnicity and stroke: beware of the fallacies. 
Stroke. 2000;31:1013-1015 

69. Allan J. Review of the Measurement of Ethnicity. Classifications and 
Issues. Wellington: Statistics New Zealand; 2001. 



 

 252

70. Blakely T, Dew K. Ethnicity, acculturation and health: who's to judge? 
NZ Med J. 2004;117:U742 

71. Alter M. Black-white differences in stroke frequency: challenges for 
research. Neuroepidemiology. 1994;13:301-307 

72. Ayala C, Greenlund KJ, Croft JB, Keenan NL, Donehoo RS, Giles WH, 
Kittner SJ, Marks JS. Racial/ethnic disparities in mortality by stroke 
subtype in the United States, 1995-1998. Am J Epidemiol. 
2001;154:1057-1063 

73. Sacco RL, Boden-Albala B, Abel G, Lin IF, Elkind M, Hauser WA, Paik 
MC, Shea S. Race-ethnic disparities in the impact of stroke risk factors: 
the Northern Manhattan Stroke Study. Stroke. 2001;32:1725-1731 

74. Gillum RF. Risk Factors for Stroke in Blacks: A Critical Review. Am J 
Epidemiol. 1999;150:1266-1274 

75. House JS. Understanding social factors and inequalities in health: 20th 
century progress and 21st century prospects. J Health Soc Behav. 
2002;43:125-142 

76. Kunst AE, del Rios M, Groenhof F, Mackenbach JP, European Union 
Working Group on Socioeconomic Inequalities in Health. 
Socioeconomic inequalities in stroke mortality among middle-aged 
men: an international overview. Stroke. 1998;29:2285-2291 

77. Jakovljevic D, Sarti C, Sivenius J, Torppa J, Mahonen M, Immonen-
Raiha P, Kaarsalo E, Alhainen K, Kuulasmaa K, Tuomilehto J, Puska 
P, Salomaa V. Socioeconomic status and ischemic stroke: The 
FINMONICA Stroke Register. Stroke. 2001;32:1492-1498 

78. Bennett S. Socioeconomic inequalities in coronary heart disease and 
stroke mortality among Australian men, 1979-1993. Int J Epidemiol. 
1996;25:266-275 

79. Hart CL, Hole DJ, Smith GD. The contribution of risk factors to stroke 
differentials, by socioeconomic position in adulthood: the 
Renfrew/Paisley Study. Am J Public Health. 2000;90:1788-1791 

80. Weir NU, Gunkel A, McDowall M, Dennis MS. Study of the relationship 
between social deprivation and outcome after stroke. Stroke. 
2005;36:815-819 

81. van Rossum CT, van de Mheen H, Breteler MM, Grobbee DE, 
Mackenbach JP. Socioeconomic differences in stroke among Dutch 
elderly women: the Rotterdam Study. Stroke. 1999;30:357-362 

82. Bravata DM, Wells CK, Gulanski B, Kernan WN, Brass LM, Long J, 
Concato J. Racial disparities in stroke risk factors: the impact of 
socioeconomic status. Stroke. 2005;36:1507-1511 

83. Blakely T, Pearce N, Salmond C, Kiro C, Davis P. Socio-economic 
factors and mortality among 25-64 year olds followed from 1991 to 
1994: the New Zealand Census-Mortality study. NZ Med J. 
2002;115:93-97 

84. Liao D, Myers R, Hunt S, Shahar E, Paton C, Burke G, Province M, 
Heiss G. Familial history of stroke and stroke risk. The Family Heart 
Study. Stroke. 1997;28:1908-1912 

85. Flossmann E, Schulz UGR, Rothwell PM. Systematic review of 
methods and results of studies of the genetic epidemiology of ischemic 
stroke. Stroke. 2004;35:212-227 



 

 253

86. Graffagnino C, Gasecki A, Doig G, Hachinski V. The importance of 
family history in cerebrovascular disease. Stroke. 1994;25:1599-1604 

87. Ezzati M, Lopez AD, Rodgers A, Murray CJL. Comparative 
quantification of health risks: global and regional burden of disease 
attributable to selected major risk factors. Geneva: World Health 
Organisation; 2004. 

88. Eastern Stroke and Coronary Heart Disease Collaborative Research 
Group. Blood pressure, cholesterol, and stroke in eastern Asia. The 
Lancet. 1998;352:1801-1807 

89. Asia Pacific Cohort Studies Collaboration. Blood pressure and 
cardiovascular disease in the Asia Pacific region. J Hypertens. 
2003;21:707-716 

90. Lawes CMM, Vander Hoorn S, Law MR, Elliott P, Macmahon S, 
Rodgers A. High Blood Pressure. In: Ezzati M, Lopez AD, Rodgers A, 
Murray CJL, eds. Comparative quantification of health risks: global and 
regional burden of disease attributable to selected major risk factors. 
Geneva: World Health Organization; 2004. 

91. Eisner GM. Hypertension: racial differences. American Journal of 
Kidney Diseases. 1990;16:35-40 

92. McGruder HF, Malarcher AM, Antoine TL, Greenlund KJ, Croft JB. 
Racial and ethnic disparities in cardiovascular risk factors among 
stroke survivors: United States 1999 to 2001. Stroke. 2004;35:1557-
1561 

93. Hajat C, Dundas R, Stewart JA, Lawrence E, Rudd AG, Howard R, 
Wolfe CD. Cerebrovascular risk factors and stroke subtypes: 
differences between ethnic groups. Stroke. 2001;32:37-42 

94. Hajjar I, Kotchen TA. Trends in prevalence, awareness, treatment, and 
control of hypertension in the United States, 1988-2000. JAMA. 
2003;290:199-206 

95. Asia Pacific Cohort Studies Collaboration. Cholesterol, coronary heart 
disease, and stroke in the Asia Pacific region. Int J Epidemiol. 
2003;32:563-572 

96. Donnan GA, Davis SM. Stroke and cholesterol: weakness of risk 
versus strength of therapy. Stroke. 2004;35:1526- 

97. Piechowski-Jozwiak B, Bogousslavsky J. Cholesterol as a Risk Factor 
for Stroke: The Fugitive? Stroke. 2004;35:1523-1524 

98. Thrift AG. Cholesterol is associated with stroke, but is not a risk factor. 
Stroke. 2004;35:1524-1525 

99. World Health Organization. The World Health Report 2002. Reducing 
Risks, Promoting Healthy Lifestyle. Geneva: WHO; 2002. 

100. Mooe T, Eriksson P, Stegmayr B. Ischemic stroke after acute 
myocardial infarction: A population-based study. Stroke. 1997;28:762-
767 

101. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent 
risk factor for stroke: The Framingham study. Stroke. 1991;22:983-988 

102. Holdright DR. Stroke in the patient with coronary heart disease. British 
Journal of Cardiology. 2002;9:163-167 

103. Puskas JD, Winston AD, Wright CE, Gott JP, Brown WM, III, Craver 
JM, Jones EL, Guyton RA, Weintraub WS. Stroke after coronary artery 



 

 254

operation: incidence, correlates, outcome, and cost. Annals of Thoracic 
Surgery. 2000;69:1053-1056 

104. Ricotta JJ, Char DJ, Cuadra SA, Bilfinger TV, Wall LP, Giron F, 
Krukenkamp IB, Seifert FC, McLarty AJ, Saltman AE, Komaroff E. 
Modeling stroke risk after coronary artery bypass and combined 
coronary artery bypass and carotid endarterectomy. Stroke. 
2003;34:1212-1217 

105. Yuan Z, Bowlin S, Einstadter D, Cebul RD, Conners AR, Jr., Rimm AA. 
Atrial fibrillation as a risk factor for stroke: a retrospective cohort study 
of hospitalized Medicare beneficiaries. Am J Public Health. 
1998;88:395-400 

106. Goldstein LB, Adams R, Alberts MJ, Appel LJ, Brass LM, Bushnell CD, 
Culebras A, DeGraba TJ, Gorelick PB, Guyton JR, Hart RG, Howard 
G, Kelly-Hayes M, Nixon JVI, Sacco RL. Primary prevention of 
ischemic stroke: a guideline from the American Heart 
Association/American Stroke Association Stroke Council: Cosponsored 
by the Atherosclerotic Peripheral Vascular Disease Interdisciplinary 
Working Group; Cardiovascular Nursing Council; Clinical Cardiology 
Council; Nutrition, Physical Activity, and Metabolism Council; and the 
Quality of Care and Outcomes Research Interdisciplinary Working 
Group: The American Academy of Neurology affirms the value of this 
guideline. Stroke. 2006;37:1583-1633 

107. Goldstein LB, Adams R, Becker K, Furberg CD, Gorelick PB, 
Hademenos G, Hill M, Howard G, Howard VJ, Jacobs B, Levine SR, 
Mosca L, Sacco RL, Sherman DG, Wolf PA, del Zoppo GJ. Primary 
prevention of ischemic stroke: A statement for healthcare professionals 
from the Stroke Council of the American Heart Association. Stroke. 
2001;32:280-299 

108. Somerfield J, Barber PA, Anderson NE, Kumar A, Spriggs D, 
Charleston A, Bennett P, Baker Y, Ross L. Not all patients with atrial 
fibrillation-associated ischemic stroke can be started on anticoagulant 
therapy. Stroke. 2006;37:1217-1220 

109. van Walraven C, Hart RG, Singer DE, Laupacis A, Connolly S, 
Petersen P, Koudstaal PJ, Chang Y, Hellemons B. Oral anticoagulants 
vs aspirin in nonvalvular atrial fibrillation: an individual patient meta-
analysis. JAMA. 2002;288:2441-2448 

110. Goldstein LB, Hankey GJ. Advances in primary stroke prevention. 
Stroke. 2006;37:317-319 

111. Kissela B, Khoury J, Kleindorfer D, Woo D, Schneider A, Alwell K, 
Miller R, Ewing I, Moomaw C, Szaflarski J, Gebel J, Shukla R, 
Broderick J. Epidemiology of ischemic stroke in patients with diabetes. 
Diabetes Care. 2005;28:355-359 

112. Asia Pacific Cohort Studies Collaboration. The effects of diabetes on 
the risks of major cardiovascular diseases and death in the Asia-Pacific 
region. Diabetes Care. 2003;26:360-366 

113. Joshy G, Simmons D. Epidemiology of diabetes in New Zealand: revist 
to a changing landscape. NZ Med J. 2006;119:1-15 

114. Dunstan DW, Zimmet PZ, Welborn TA, de Courten MP, Cameron AJ, 
Sicree RA, Dwyer T, Colagiuri S, Jolley D, Knuiman M, Atkins R, Shaw 
JE. The rising prevalence of diabetes and impaired glucose tolerance: 



 

 255

The Australian Diabetes, Obesity and Lifestyle Study. Diabetes Care. 
2002:829-834 

115. Hu G, Sarti C, Jousilahti P, Peltonen M, Qiao Q, Antikainen R, 
Tuomilehto J. The impact of history of hypertension and type 2 
diabetes at baseline on the incidence of stroke and stroke mortality. 
Stroke. 2005;36:2538-2543 

116. Asia Pacific Cohort Studies Collaboration. Body mass index and 
cardiovascular diseases in the Asia-Pacific region: an overview of 33 
cohorts involving 310,000 participants. Int J Epidemiol. 2003;33:751-
758 

117. James WPT, Jackson-Leach R, Ni Mhurchu C, Kalamara E, Shayeghi 
M, Rigby NJ, Nishida C, Rodgers A. Overweight and Obesity (high 
body mass index). In: Ezzati M, Lopez AD, Rodgers A, Murray CJL, 
eds. Comparative quantification of health risks: global and regional 
burden of disease attributable to selected major risk factors. Geneva: 
World Health Organisation; 2004. 

118. World Health Organization. Tobacco or health: a global status report. 
Geneva, Switzerland: WHO; 1997. 

119. Shinton R, Beevers G. Meta-analysis of relation between cigarette 
smoking and stroke. BMJ. 1989;298:789-794 

120. Anderson CS, Feigin V, Bennett D, Lin R-B, Hankey G, Jamrozik K, for 
the Australasian Cooperative Research on Subarachnoid Hemorrhage 
Study  Group. Active and passive smoking and the risk of 
subarachnoid hemorrhage: an international population-based case-
control study. Stroke. 2004;35:633-637 

121. Longstreth WTJ, Nelson LM, Koepsell TD, Schievink WI, van Bell G. 
Cigarette smoking, alcohol use, and subarachnoid hemorrhage. Stroke. 
1992;23:1242-1249 

122. Wolf PA, D'Agostino RB, Kannel WB, Bonita R, Belanger AJ. Cigarette 
smoking as a risk factor for stroke. The Framingham Study. JAMA. 
1988;259:1025-1029 

123. Wannamethee SG, Shaper AG, Whincup PH, Walker M. Smoking 
cessation and the risk of stroke in middle-aged men. JAMA. 
1995;274:155-160 

124. Kawachi I, Colditz GA, Stampfer MJ, Willett WC, Manson JE, Rosner 
B, Speizer FE, Hennekens CH. Smoking cessation and decreased risk 
of stroke in women. JAMA. 1993;269:232-236 

125. Bonita R, Duncan J, Truelsen T, Jackson RT, Beaglehole R. Passive 
smoking as well as active smoking increases the risk of acute stroke. 
Tobacco Control. 1999;8:156-160 

126. Kohl HW, 3rd. Physical activity and cardiovascular disease: evidence 
for a dose response. Med Sci Sports Exer. 2001;33:S472-483; 
discussion S493-474 

127. Kiely DK, Wolf PA, Cupples LA, Beiser AS, Kannel WB. Physical 
activity and stroke risk: the Framingham Study. Am J Epidemiol. 
1994;140:608-620 

128. Bull FC, Armstrong TP, Dixon T, Ham S, Neiman A, Pratt M. Physical 
Inactivity. In: Ezzati M, Lopez AD, Rodgers A, Murray CJL, eds. 
Comparative quantification of health risks: global and regional burden 



 

 256

of disease attributable to selected major risk factors. Geneva: World 
Health Organisation; 2004. 

129. O'Leary D, Polak J, Kronmal R, Kittner S, Bond M, Wolfson S, Jr, 
Bommer W, Price T, Gardin J, Savage P. Distribution and correlates of 
sonographically detected carotid artery disease in the Cardiovascular 
Health Study. The CHS Collaborative Research Group. Stroke. 
1992;23:1752-1760 

130. Ohene-Frempong K, Weiner SJ, Sleeper LA, Miller ST, Embury S, 
Moohr JW, Wethers DL, Pegelow CH, Gill FM, Sickle Cell Disease 
tCSo. Cerebrovascular accidents in sickle cell disease: rates and risk 
factors. Blood. 1998;91:288-294 

131. Reynolds K, Lewis B, Nolen JD, Kinney GL, Sathya B, He J. Alcohol 
consumption and risk of stroke: a meta-analysis. JAMA. 2003;289:579-
588 

132. Joshipura KJ, Ascherio A, Manson JE, Stampfer MJ, Rimm EB, 
Speizer FE, Hennekens CH, Spiegelman D, Willett WC. Fruit and 
vegetable intake in relation to risk of ischemic stroke. JAMA. 
1999;282:1233-1239 

133. Centers for Disease Control, Prevention. Racial/ethnic and 
socioeconomic disparities in multiple risk factors for heart disease and 
stroke--United States, 2003. MMWR. 2005;54:113-117 

134. Ezzati M, Lopez AD. Potential health gains from reducing multiple risk 
factors. In: Ezzati M, Lopez AD, Rodgers A, Murray CJL, eds. 
Comparative quantification of health risks: global and regional burden 
of disease attributable to selected major risk factors. Geneva: World 
Health Organization; 2004. 

135. Pancioli AM, Broderick J, Kothari R, Brott T, Tuchfarber A, Miller R, 
Khoury J, Jauch E. Public perception of stroke warning signs and 
knowledge of potential risk factors. JAMA. 1998;279:1288-1292 

136. Reeves MJ, Hogan JG, Rafferty AP. Knowledge of stroke risk factors 
and warning signs among Michigan adults. Neurology. 2002;59:1547-
1552 

137. Wolf PA, D'Agostino RB, Belanger AJ, Kannel WB. Probability of 
stroke: a risk profile from the Framingham Study. Stroke. 1991;22:312-
318 

138. Cappuccio FP, Oakeshott P, Strazzullo P, Kerry SM. Application of 
Framingham risk estimates to ethnic minorities in United Kingdom and 
implications for primary prevention of heart disease in general practice: 
cross sectional population based study. BMJ. 2002;325:1271-1276 

139. Whelton PK, He J, Appel LJ, Cutler JA, Havas S, Kotchen TA, Roccella 
EJ, Stout R, Vallbona C, Winston MC, Karimbakas J, for the National 
High Blood Pressure Education Program Coordinating Committee. 
Primary prevention of hypertension: clinical and public health advisory 
from the national high blood pressure education program. JAMA. 
2002;288:1882-1888 

140. Lawes CM, Bennett DA, Feigin VL, Rodgers A. Blood pressure and 
stroke: an overview of published reviews. Stroke. 2004;35:1024-1033 

141. Blood Pressure Lowering Treatment Trialists' Collaboration. Effects of 
different blood-pressure-lowering regimens on major cardiovascular 



 

 257

events: results of prospectively-designed overviews of randomised 
trials. The Lancet. 2003;362:1527-1535 

142. Richardson AD, Piepho RW. Effect of race on hypertension and 
antihypertensive therapy. International Journal of Clinical 
Pharmacology & Therapeutics. 2000;38:75-79 

143. Tuomilehto J, Rastenyte D. Diabetes and glucose intolerance as risk 
factors for stroke. J Cardiovasc Risk. 1999;6:241-249 

144. Brainin M. Statins and stroke: A promising approach towards stroke 
prevention. Journal of Clinical & Basic Cardiology. 2002;5:159-162 

145. Rothwell PM, Goldstein LB. Carotid endarterectomy for asymptomatic 
carotid stenosis: Asymptomatic Carotid Surgery Trial. Stroke. 
2004;35:2425-2427 

146. Sacco RL, Adams R, Albers G, Alberts MJ, Benavente O, Furie K, 
Goldstein LB, Gorelick P, Halperin J, Harbaugh R, Johnston SC, 
Katzan I, Kelly-Hayes M, Kenton EJ, Marks M, Schwamm LH, Tomsick 
T. Guidelines for prevention of stroke in patients with ischemic stroke 
or transient ischemic attack: a statement for healthcare professionals 
from the American Heart Association/American Stroke Association 
Council on Stroke: Co-Sponsored by the Council on Cardiovascular 
Radiology and Intervention: The American Academy of Neurology 
affirms the value of this guideline. Stroke. 2006;37:577-617 

147. Oddone EZ, Horner RD, Monger ME, Matchar DB. Racial variations in 
the rates of carotid angiography and endarterectomy in patients with 
stroke and transient ischemic attack. Arch Intern Med. 1993;153:2781-
2786 

148. Wald NJ, Law MR. A strategy to reduce cardiovascular disease by 
more than 80%. BMJ. 2003;326:1419 

149. Qureshi AI, Suri MFK, Kirmani JF, Divani AA. The Relative Impact of 
Inadequate Primary and Secondary Prevention on Cardiovascular 
Mortality in the United States. Stroke. 2004;35:2346-2350 

150. US Department of Health and Human Services. Healthy People 2010. 
Washington: US Government Printing Office; 2000. 

151. Iso H, Shimamoto T, Naito Y, Sato S, Kitamura A, Iida M, Konishi M, 
Jacobs DR, Jr., Komachi Y. Effects of a long-term hypertension control 
program on stroke incidence and prevalence in a rural community in 
northeastern Japan. Stroke. 1998;29:1510-1518 

152. Ministry of Health. Healthy Eating – Healthy Action: Oranga Kai – 
Oranga Pumau Strategy. Wellington: Ministry of Health; 2003. 

153. Ministry of Health. The New Zealand Health Strategy. Wellington: 
Ministry of Health; 2000. 

154. Murray CJ, Lopez AD. Mortality by cause for eight regions of the world: 
Global Burden of Disease Study. The Lancet. 1997;349:1269-1276 

155. Bonita R, Stewart A, Beaglehole R. International trends in stroke 
mortality: 1970-1985. Stroke. 1990;21:989-992 

156. Jiang B, Wang WZ, Chen H, Hong Z, Yang QD, Wu SP, Du XL, Bao 
QJ. Incidence and trends of stroke and its subtypes in China: results 
from three large cities. Stroke. 2006;37:63-68 

157. Kay R, Woo J, Kreel L, Wong H, Teoh R, Nicholls M. Stroke subtypes 
among Chinese living in Hong Kong: the Shatin Stroke Registry. 
Neurology. 1992;42:985-987 



 

 258

158. Zhang LF, Yang J, Hong Z, Yuan GG, Zhou BF, Zhao LC, Huang YN, 
Chen J, Wu YF, Collaborative Group of China Multicenter Study of 
Cardiovascular E. Proportion of different subtypes of stroke in China. 
Stroke. 2003;34:2091-2096 

159. Khor GL. Cardiovascular epidemiology in the Asia-Pacific region. Asia 
Pacific Journal of Clinical Nutrition. 2001;10:76-80 

160. He J, Klag MJ, Wu Z, Whelton PK. Stroke in the People's Republic of 
China : I. Geographic variations in incidence and risk factors. Stroke. 
1995;26:2222-2227 

161. Obisesan TO, Vargas CM, Gillum RF. Geographic variation in stroke 
risk in the United States. Region, urbanization, and hypertension in the 
Third National Health and Nutrition Examination Survey. Stroke. 
2000;31:19-25 

162. Pickle LW, Mungiole M, Gillum RF. Geographic variation in stroke 
mortality in blacks and whites in the United States. Stroke. 
1997;28:1639-1647 

163. Howard G. Why do we have a stroke belt in the southeastern United 
States? A review of unlikely and uninvestigated potential causes. Am J 
Med Sci. 1999;317:160-167 

164. Wein TH, Smith MA, Morgenstern LB. Race/ethnicity and location of 
stroke mortality: implications for population-based studies. Stroke. 
1999;30:1501-1505 

165. Thorvaldsen P, Asplund K, Kuulasmaa K, Rajakangas AM, Schroll M. 
Stroke incidence, case fatality, and mortality in the WHO MONICA 
project. World Health Organization Monitoring Trends and 
Determinants in Cardiovascular Disease. Stroke. 1995;26:361-367 

166. Sudlow CLM, Warlow CP. Comparable studies of the incidence of 
stroke and its pathological types: results from an international 
collaboration. Stroke. 1997;28:491-499 

167. Schneider AT, Kissela B, Woo D, Kleindorfer D, Alwell K, Miller R, 
Szaflarski J, Gebel J, Khoury J, Shukla R, Moomaw C, Pancioli A, 
Jauch E, Broderick J. Ischemic stroke subtypes: a population-based 
study of incidence rates among blacks and whites. Stroke. 
2004;35:1552-1556 

168. Stewart J, Dundas R, Howard R, Rudd A, Wolfe C. Ethnic differences 
in incidence of stroke: prospective study with stroke register. BMJ. 
1999;318:967-971 

169. Bonita R, Solomon N, Broad JB. Prevalence of stroke and stroke-
related disability. Estimates from the Auckland stroke studies. Stroke. 
1997;28:1898-1902 

170. Appelros P, Nydevik I, Viitanen M. Poor outcome after first-ever stroke: 
predictors for death, dependency, and recurrent stroke within the first 
year. Stroke. 2003;34:122-126 

171. Bonita R, Ford MA, Stewart AW. Predicting survival after stroke: a 
three-year follow-up. Stroke. 1988;19:669-673 

172. Howard G, Walker MD, Becker C, Coull B, Feibel J, McLeroy K, Toole 
JF, Yatsu F. Community Hospital-based Stroke Programs: North 
Carolina, Oregon, and New York. III. Factors influencing survival after 
stroke: proportional hazards analysis of 4219 patients. Stroke. 
1986;17:294-299 



 

 259

173. Wolfe CDA, Smeeton NC, Coshall C, Tilling K, Rudd AG. Survival 
differences after stroke in a multiethnic population: follow-up study with 
the south London stroke register. BMJ. 2005;331:431- 

174. Hankey GJ, Jamrozik K, Broadhurst RJ, Forbes S, Anderson CS. 
Long-term disability after first-ever stroke and related prognostic factors 
in the Perth Community Stroke Study, 1989-1990. Stroke. 
2002;33:1034-1040 

175. Johnston KC, Connors AF, Jr, Wagner DP, Knaus WA, Wang X-Q, 
Haley EC, Jr. A predictive risk model for outcomes of ischemic stroke. 
Stroke. 2000;31:448-455 

176. Adams HP, Jr., Davis PH, Leira EC, Chang KC, Bendixen BH, Clarke 
WR, Woolson RF, Hansen MD. Baseline NIH Stroke Scale score 
strongly predicts outcome after stroke: A report of the Trial of Org 
10172 in Acute Stroke Treatment (TOAST). Neurology. 1999;53:126-
131 

177. Paul SL, Sturm JW, Dewey HM, Donnan GA, Macdonell RAL, Thrift 
AG. Long-term outcome in the North East Melbourne stroke incidence 
study: predictors of quality of life at 5 years after stroke. Stroke. 
2005;36:2082-2086 

178. Sturm JW, Donnan GA, Dewey HM, Macdonell RAL, Gilligan AK, 
Srikanth V, Thrift AG. Quality of Life After Stroke: The North East 
Melbourne Stroke Incidence Study (NEMESIS). Stroke. 2004;35:2340-
2345 

179. Hackett ML, Yapa C, Parag V, Anderson CS. Frequency of depression 
after stroke: a systematic review of observational studies. Stroke. 
2005;36:1330-1340 

180. Leys D, Henon H, Mackowiak-Cordoliani MA, Pasquier F. Poststroke 
dementia. The Lancet Neurology. 2005;4:752-759 

181. Dewey HM, Thrift AG, Mihalopoulos C, Carter R, Macdonell RA, 
McNeil JJ, Donnan GA, North East Melbourne Stroke Incidence S. 
Informal care for stroke survivors: results from the North East 
Melbourne stroke incidence study (NEMESIS). Stroke. 2002;33:1028-
1033 

182. Anderson CS, Linto J, Stewart-Wynne EG. A population-based 
assessment of the impact and burden of caregiving for long-term stroke 
survivors. Stroke. 1995;26:843-849 

183. Han B, Haley WE. Family caregiving for patients with stroke. Review 
and analysis. Stroke. 1999;30:1478-1485 

184. Grant JS, Weaver M, Elliott TR, Bartolucci AR, Newman Giger J. 
Sociodemographic, physical and psychosocial factors associated with 
depressive behaviour in family caregivers of stroke survivors in the 
acute care phase. Brain Injury. 2004;18:797-809 

185. The National Institute of Neurological Disorders and Stroke rt-PA 
Stroke Study Group. Tissue plasminogen activator for acute ischemic 
stroke. N Engl J Med. 1995;333:1581-1588 

186. Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN, 
Skolnick BE, Steiner T, the Recombinant Activated Factor VII 
Intracerebral Hemorrhage Trial Investigators. Recombinant activated 
factor VII for acute intracerebral hemorrhage. N Engl J Med. 
2005;352:777-785 



 

 260

187. Mandelzweig L, Goldbourt U, Boyko V, Tanne D. Perceptual, social, 
and behavioral factors associated with delays in seeking medical care 
in patients with symptoms of acute stroke. Stroke. 2006;37:1248-1253 

188. Agyeman O, Nedeltchev K, Arnold M, Fischer U, Remonda L, 
Isenegger J, Schroth G, Mattle HP. Time to admission in acute 
ischemic stroke and transient ischemic attack. Stroke. 2006;37:963-
966 

189. Schneider AT, Pancioli AM, Khoury JC, Rademacher E, Tuchfarber A, 
Miller R, Woo D, Kissela B, Broderick JP. Trends in community 
knowledge of the warning signs and risk factors for stroke. JAMA. 
2003;289:343-346 

190. Warlow C, Sudlow C, Dennis M, Wardlaw J, Sandercock P. Stroke. 
The Lancet. 2003;362:1211-1224 

191. Adams HP, Jr., Adams RJ, Brott T, del Zoppo GJ, Furlan A, Goldstein 
LB, Grubb RL, Higashida R, Kidwell C, Kwiatkowski TG, Marler JR, 
Hademenos GJ, Stroke Council of the American Stroke A. Guidelines 
for the early management of patients with ischemic stroke: A scientific 
statement from the Stroke Council of the American Stroke Association. 
Stroke. 2003;34:1056-1083 

192. Broderick JP, Adams Jr HP, Barsan W, Feinberg W, Feldmann E, 
Grotta J, Kase C, Krieger D, Mayberg M, Tilley B, Zabramski JM, 
Zuccarello M. Guidelines for the management of spontaneous 
intracerebral hemorrhage. A statement for healthcare professionals 
from a special writing group of the Stroke Council, American Heart 
Association. Stroke. 1999;30:905-915 

193. Bandera E, Botteri M, Minelli C, Sutton A, Abrams KR, Latronico N. 
Cerebral blood flow threshold of ischemic penumbra and infarct core in 
acute ischemic stroke: a systematic review. Stroke. 2006;37:1334-1339 

194. Davis SM, Donnan GA. Ischemic penumbra: MRI or PET. Stroke. 
2003;34:2536 

195. Chalmers J, MacMahon S, Anderson C, Neal B, Rodgers A. Clinicians 
Manual on Blood Pressure & Stroke Prevention. London: Science 
Press Ltd; 2000. 

196. Coull BMM, Williams LSM, Goldstein LBM, Meschia JFM, Heitzman 
DM, Chaturvedi SM, Johnston KCM, Starkman SM, Morgenstern LBM, 
Wilterdink JLM, Levine SRM, Saver JLM. Anticoagulants and 
antiplatelet agents in acute ischemic stroke: Report of the Joint Stroke 
Guideline Development Committee of the American Academy of 
Neurology and the American Stroke Association (a Division of the 
American Heart Association). Neurology. 2002;59:13-22 

197. Juvela S, Kase CS. Advances in Intracerebral Hemorrhage 
Management. Stroke. 2006;37:301-304 

198. Ohwaki K, Yano E, Nagashima H, Hirata M, Nakagomi T, Tamura A. 
Blood pressure management in acute intracerebral hemorrhage: 
relationship between elevated blood pressure and hematoma 
enlargement. Stroke. 2004;35:1364-1367 

199. Stroke Unit Trialists' Collaboration. Collaborative systematic review of 
the randomised trials of organised inpatient (stroke unit) care after 
stroke. BMJ. 1997;314:1151- 



 

 261

200. Schwamm LH, Pancioli A, Acker JE, III, Goldstein LB, Zorowitz RD, 
Shephard TJ, Moyer P, Gorman M, Johnston SC, Duncan PW, 
Gorelick P, Frank J, Stranne SK, Smith R, Federspiel W, Horton KB, 
Magnis E, Adams RJ. Recommendations for the establishment of 
stroke systems of care: recommendations from the American Stroke 
Association's task force on the development of stroke systems. Stroke. 
2005;36:690-703 

201. Kwan J, Sandercock P. In-hospital carepathways for stroke: an 
updated systematic review. Stroke. 2005;36:1348-1349 

202. Kwan J, Sandercock P. In-hospital care pathways for stroke. Cochrane 
Database of Systematic Reviews. 2006 

203. Stroke Unit Trialists' Collaboration. How do stroke units improve patient 
outcomes?  A collaborative systematic review of the randomized trials. 
Stroke. 1997;28:2139-2144 

204. Stroke Unit Trialists' Collaboration. Organised inpatient (stroke unit) 
care for stroke. The Cochrane Database of Systematic Reviews. 2001 

205. Indredavik B, Bakke F, Slordahl SA, Rokseth R, Haheim LL. Stroke unit 
treatment improves long-term quality of life: a randomized controlled 
trial. Stroke. 1998;29:895-899 

206. Stroke Foundation of New Zealand, New Zealand Guidelines Group. 
Life After Stroke. New Zealand guideline for management of stroke. 
Wellington: Stroke Foundation of New Zealand Inc.; 2003. 

207. Intercollegiate Stroke Working Party. National Clinical Guidelines for 
Stroke. London: Royal College of Physicians; 2004. 

208. De Wit L, Putman K, Lincoln N, Baert I, Berman P, Beyens H, Bogaerts 
K, Brinkmann N, Connell L, Dejaeger E, De Weerdt W, Jenni W, 
Lesaffre E, Leys M, Louckx F, Schuback B, Schupp W, Smith B, Feys 
H. Stroke rehabilitation in Europe: what do physiotherapists and 
occupational therapists actually do? Stroke. 2006;37:1483-1489 

209. Gommans J, Barber A, McNaughton H, Hanger C, Bennett P, Spriggs 
D, Baskett J. Stroke rehabilitation services in New Zealand. NZ Med J. 
2003;116:U435 

210. Duncan PW, Zorowitz R, Bates B, Choi JY, Glasberg JJ, Graham GD, 
Katz RC, Lamberty K, Reker D. Management of adult stroke 
rehabilitation care: a clinical practice guideline. Stroke. 2005;36:e100-
143 

211. Anderson C, Ni Mhurchu C, Brown PM, Carter K. Stroke rehabilitation 
services to accelerate hospital discharge and provide home-based 
care: an overview and cost analysis. Pharmacoeconomics. 
2002;20:537-552 

212. Hardie K, Hankey GJ, Jamrozik K, Broadhurst RJ, Anderson C. Ten-
year risk of first recurrent stroke and disability after first-ever stroke in 
the Perth Community Stroke Study. Stroke. 2004;35:731-735 

213. Warlow C. Epidemiology of stroke. The Lancet. 1998;352:S1-S4 
214. Redfern J, McKevitt C, Dundas R, Rudd A, Wolfe C. Behavioral risk 

factor prevalence and lifestyle change after stroke. A prospective 
study. Stroke. 2000;31:1877-1881 

215. Hillen T, Dundas R, Lawrence E, Stewart JA, Rudd AG, Wolfe CD. 
Antithrombotic and antihypertensive management 3 months after 



 

 262

ischemic stroke : a prospective study in an inner city population. 
Stroke. 2000;31:469-475 

216. Norris JW. Antiplatelet Agents in Secondary Prevention of Stroke: A 
Perspective. Stroke. 2005;36:2034-2036 

217. Rashid P, Leonardi-Bee J, Bath P. Blood pressure reduction and 
secondary prevention of stroke and other vascular events: a systematic 
review. Stroke. 2003;34:2741-2748 

218. PROGRESS Collaborative Group. Randomised trial of a perindopril-
based blood-pressure-lowering regimen among 6105 individuals with 
previous stroke or transient ischaemic attack. The Lancet. 
2001;358:1033-1041 

219. PROGRESS. Effects of a Perindopril-based blood pressure-lowering 
regimen on disability and dependency in 6105 patients with 
cerebrovascular disease: a randomized controlled trial. Stroke. 
2003;34:2333-2338 

220. The Stroke Prevention by Aggressive Reduction in Cholesterol Levels 
I. High-Dose Atorvastatin after Stroke or Transient Ischemic Attack. N 
Engl J Med. 2006;355:549-559 

221. Dewey HM, Thrift AG, Mihalopoulos C, Carter R, Macdonell RA, 
McNeil JJ, Donnan GA. Cost of stroke in Australia from a societal 
perspective: results from the North East Melbourne Stroke Incidence 
Study (NEMESIS). Stroke. 2001;32:2409-2416 

222. Teng J, Mayo NE, Latimer E, Hanley J, Wood-Dauphinee S, Cote R, 
Scott S. Costs and caregiver consequences of early supported 
discharge for stroke patients. Stroke. 2003;34:528-536 

223. Evers SMAA, Struijs JN, Ament AJHA, van Genugten MLL, Jager JC, 
van den Bos GAM. International Comparison of Stroke Cost Studies. 
Stroke. 2004;35:1209-1215 

224. Dewey HM, Thrift AG, Mihalopoulos C, Carter R, Macdonell RAL, 
McNeil JJ, Donnan GA. Lifetime cost of stroke subtypes in Australia: 
findings from the North East Melbourne Stroke Incidence Study 
(NEMESIS). Stroke. 2003;34:2502-2507 

225. Piriyawat P, Smajsova M, Smith MA, Pallegar S, Al-Wabil A, Garcia 
NM, Risser JM, Moye LA, Morgenstern LB. Comparison of active and 
passive surveillance for cerebrovascular disease: the Brain Attack 
Surveillance in Corpus Christi (BASIC) project. Am J Epidemiol. 
2002;156:1062-1069 

226. Asplund K, Bonita R, Kuulasmaa K, Rajakangas AM, Feigin V, 
Schaedlich H, Suzuki K, Thorvaldsen P, Tuomilehto J. Multinational 
comparisons of stroke epidemiology: Evaluation of case ascertainment 
in the WHO MONICA stroke study. Stroke. 1995;26:355-360 

227. Bonita R, Beaglehole R. Monitoring stroke.  An international challenge. 
Stroke. 1995;26:541-542 

228. Howard G, Anderson RT, Russell G, Howard VJ, Burke GL. Race, 
socioeconomic status, and cause-specific mortality. Ann Epidemiol. 
2000;10:214-223 

229. Avendano M, Kunst AE, Huisman M, van Lenthe F, Bopp M, Borrell C, 
Valkonen T, Regidor E, Costa G, Donkin A, Borgan J-K, Deboosere P, 
Gadeyne S, Spadea T, Andersen O, Mackenbach JP. Educational level 



 

 263

and stroke mortality: a comparison of 10 European populations during 
the 1990s. Stroke. 2004;35:432-437 

230. Arrich J, Lalouschek W, Mullner M. Influence of Socioeconomic Status 
on Mortality After Stroke: Retrospective Cohort Study. Stroke. 
2005;36:310-314 

231. Fratiglioni L, Massey EW, Schoenberg DG, Schoenberg BS. Mortality 
from cerebrovascular disease. International comparisons and temporal 
trends. Neuroepidemiology. 1983;2:101-116 

232. Corwin LE, Wolf PA, Kannel WB, McNamara PM. Accuracy of death 
certification of stroke: the Framingham Study. Stroke. 1982;13:818-821 

233. Lawlor DA, Smith GD, Leon DA, Sterne JA, Ebrahim S. Secular trends 
in mortality by stroke subtype in the 20th century: a retrospective 
analysis. The Lancet. 2002;360:1818-1823 

234. Kochanek KD, Murphy SL, Anderson RN, Scott C. Deaths: final data 
for 2002. National Vital Statistics Reports. 2004;53 

235. Blakely T, Robson B, Atkinson J, Sporle A, Kiro C. Unlocking the 
numerator-denominator bias. I: Adjustment ratios by ethnicity for 1991-
94 mortality data. NZ Med J. 2002;115:39-43 

236. Blakely T, Kiro C, Woodward A. Unlocking the numerator-denominator 
bias. II: Adjustments to mortality rates by ethnicity and deprivation 
during 1991-94. NZ Med J. 2002;115:43-48 

237. Bamford J, Sandercock P, Warlow C, Gray M. Why are patients with 
acute stroke admitted to hospital? BMJ. 1986;292:1369-1372 

238. Fang J, Alderman MH. Trend of stroke hospitalization, United States, 
1988-1997. Stroke. 2001;32:2221-2226 

239. May DS, Kittner SJ. Use of Medicare claims data to estimate national 
trends in stroke incidence, 1985-1991. Stroke. 1994;25:2343-2347 

240. Benesch CM, Witter DMJMA, Wilder ALM, Duncan PWP, Samsa GPP, 
Matchar DBM. Inaccuracy of the International Classification of 
Diseases (ICD-9-CM) in identifying the diagnosis of ischemic 
cerebrovascular disease. Neurology. 1997;49:660-664 

241. Ellekjaer H, Holmen J, Kruger O, Terent A. Identification of incident 
stroke in Norway: hospital discharge data compared with a population-
based stroke register. Stroke. 1999;30:56-60 

242. Kokotailo RA, Hill MD. Coding of Stroke and Stroke Risk Factors Using 
International Classification of Diseases, Revisions 9 and 10. Stroke. 
2005;36:1776-1781 

243. Wolf PA, D'Agostino RB. Secular trends in stroke in the Framingham 
Study. Ann Epidemiol. 1993;3:471-475 

244. Melton III LJ. History of the Rochester epidemiology project. Mayo 
Clinic Proceedings. 1996;71:266-274 

245. Seshadri S, Beiser A, Kelly-Hayes M, Kase CS, Au R, Kannel WB, 
Wolf PA. The Lifetime Risk of Stroke: Estimates From the Framingham 
Study. Stroke. 2006;37:345-350 

246. Whisnant JP, Fitzgibbons JP, Kurland LT, Sayre GP. Natural history of 
stroke in Rochester, Minnesota, 1945 through 1954. Stroke. 1971;2:11-
22 

247. Whisnant JP, Melton LJ, 3rd, Davis PH, O'Fallon WM, Nishimaru K, 
Schoenberg BS. Comparison of case ascertainment by medical record 



 

 264

linkage and cohort follow-up to determine incidence rates for transient 
ischemic attacks and stroke. J Clin Epidemiol. 1990;43:791-797 

248. WHO MONICA Project Principal Investigators. The World Health 
Organization MONICA Project (monitoring trends and determinants in 
cardiovascular disease): a major international collaboration. J Clin 
Epidemiol. 1988;41:105-114 

249. Asplund K. What MONICA told us about stroke. The Lancet Neurology. 
2005;4:64-68 

250. Truelsen T, Bonita R, Jamrozik K. Surveillance of stroke: a global 
perspective. Int J Epidemiol. 2001;30:S11-16 

251. Truelsen T, Bonita R. Surveillance of stroke: the WHO STEPwise 
approach. Summary. Geneva: World Health Oganisation; 2002. 

252. Derby CA, Lapane KL, Feldman HA, Carleton RA. Possible effect of 
DRGs on the classification of stroke: implications for epidemiological 
surveillance. Stroke. 2001;32:1487-1491 

253. Goldstein LB. Accuracy of ICD-9-CM coding for the identification of 
patients with acute ischemic stroke : effect of modifier codes. Stroke. 
1998;29:1602-1604 

254. Leibson C, Naessens J, Brown R, Whisnant J. Accuracy of hospital 
discharge abstracts for identifying stroke. Stroke. 1994;25:2348-2355 

255. Tirschwell DL, Longstreth WT, Jr. Validating administrative data in 
stroke research. Stroke. 2002;33:2465-2470 

256. Spolaore P, Brocco S, Fedeli U, Visentin C, Schievano E, Avossa F, 
Milan G, Toso V, Vanuzzo D, Pilotto L, Pessina AC, Bonita R. 
Measuring accuracy of discharge diagnoses for a region-wide 
surveillance of hospitalized strokes. Stroke. 2005;36:1031-1034 

257. Mahonen M, Salomaa V, Keskimaki I, Moltchanov V, Torppa J, 
Molarius A, Tuomilehto J, Sarti C, group FSRS. The feasibility of 
combining data from routine Hospital Discharge and Causes-of-Death 
Registers for epidemiological studies on stroke. Eur J Epidemiol. 
2000;16:815-817 

258. Broderick JP. Stroke trends in Rochester, Minnesota, during 1945 to 
1984. Ann Epidemiol. 1993;3:476-479 

259. Coull AJ, Rothwell PM. Underestimation of the early risk of recurrent 
stroke: evidence of the need for a standard definition. Stroke. 
2004;35:1925-1929 

260. Morikawa Y, Nakagawa H, Naruse Y, Nishijo M, Miura K, Tabata M, 
Hirokawa W, Kagamimori S, Honda M, Yoshita K, Hayashi K. Trends in 
stroke incidence and acute case fatality in a Japanese rural area : the 
Oyabe study. Stroke. 2000;31:1583-1587 

261. Raleigh VS, Balarajan R. Public health and the 1991 census. BMJ. 
1994;309:287-288 

262. Rothman KJ, Greenland S. Modern Epidemiology. Philadelphia: 
Lippincott Wiiliams & Wilkins; 1998. 

263. Ricci S, Celani M, La Rosa F, Vitali R, Duca E, Ferraguzzi R, Paolotti 
M, Seppoloni D, Caputo N, Chiurulla C. SEPIVAC: a community-based 
study of stroke incidence in Umbria, Italy. J Neurol Neurosurg 
Psychiatry. 1991;54:695-698 

264. Anderson N, Feigin V, Bennett D, Broad J, Pledger M, Anderson C, 
Bonita R. Diurnal, weekly, and seasonal variations in stroke occurrence 



 

 265

in a population-based study in Auckland, New Zealand. NZ Med J. 
2004;117 

265. Wang Y, Levi CR, Attia JR, D'Este CA, Spratt N, Fisher J. Seasonal 
variation in stroke in the Hunter Region, Australia: a 5-year hospital-
based study, 1995-2000. Stroke. 2003;34:1144-1150 

266. Garraway WM, Whisnant JP, Drury I. The continuing decline in the 
incidence of stroke. Mayo Clinic Proceedings. 1983;58:520-523 

267. Ismail AA, Beeching NJ, Gill GV, Bellis MA. How many data sources 
are needed to determine diabetes prevalence by capture-recapture? Int 
J Epidemiol. 2000;29:536-541 

268. Terent A. Trends in stroke incidence and 10-year survival in 
Soderhamn, Sweden, 1975-2001. Stroke. 2003;34:1353-1358 

269. Tuomilehto J, Sarti C, Narva EV, Salmi K, Sivenius J, Kaarsalo E, 
Salomaa V, Torppa J. The FINMONICA Stroke Register. Community-
based stroke registration and analysis of stroke incidence in Finland, 
1983-1985. Am J Epidemiol. 1992;135:1259-1270 

270. Tilling K, Sterne JA, Wolfe CD. Estimation of the incidence of stroke 
using a capture-recapture model including covariates. Int J Epidemiol. 
2001;30:1351-1359 

271. Seber GAF. The Estimation of Animal Abundance. London: Griffin; 
1982. 

272. International Working Group for Disease Monitoring and Forecasting. 
Capture-recapture and multiple-record systems estimation II: 
Applications in human diseases. Am J Epidemiol. 1995;142:1059-1068 

273. Hook EB, Regal RR. Capture-recapture methods in epidemiology: 
methods and limitations. Epidemiologic Reviews. 1995;17:243-264 

274. Hook EB, Regal RR. Recommendations for presentation and 
evaluation of capture-recapture estimates in epidemiology. J Clin 
Epidemiol. 1999;52:917-926; discussion 929-933 

275. Cormack RM. Problems with using capture-recapture in epidemiology: 
an example of a measles epidemic. J Clin Epidemiol. 1999;52:909-914 

276. Chao A, Tsay PK, Lin SH, Shau WY, Chao DY. The applications of 
capture-recapture models to epidemiological data. Stat Med. 
2001;20:3123-3157 

277. Laska EM. The use of capture-recapture methods in public health. 
Bulletin of the World Health Organization. 2002;80:845 

278. Laporte RE. Assessing the human condition: capture-recapture 
techniques. BMJ. 1994;308:5-6 

279. Taub NA, Lemic-Stojcevic N, Wolfe CD. Capture-recapture methods for 
precise measurement of the incidence and prevalence of stroke. J 
Neurol Neurosurg Psychiatry. 1996;60:696-697 

280. Uemura K. International trends in cardiovascular diseases in the 
elderly. European Heart Journal. 1988;9:1-8 

281. Gillum RF. Secular trends in stroke mortality in African Americans: The 
role of urbanization, diabetes and obesity. Neuroepidemiology. 
1997;16:180-184 

282. Stegmayr B, Vinogradova T, Malyutina S, Peltonen M, Nikitin Y, 
Asplund K. Widening gap of stroke between east and west. Eight-year 
trends in occurrence and risk factors in Russia and Sweden. Stroke. 
2000;31:2-8 



 

 266

283. Liu L, Ikeda K, Yamori Y. Changes in stroke mortality rates for 1950 to 
1997: a great slowdown of decline trend in Japan. Stroke. 
2001;32:1745-1749 

284. Kodama K. Stroke trends in Japan. Ann Epidemiol. 1993;3:524-528 
285. Beaglehole R, Bonita R, Stewart A. Cardiovascular disease mortality 

trends in the western Pacific, 1968-1984. NZ Med J. 1988;101:441-443 
286. Andre C, Curioni CC, Braga da Cunha C, Veras R. Progressive decline 

in stroke mortality in Brazil from 1980 to 1982, 1990 to 1992, and 2000 
to 2002. Stroke. 2006;37:2784-2789 

287. Bonita R. Stroke trends in Australia and New Zealand: Mortality, 
morbidity, and risk factors. Ann Epidemiol. 1993;3:529-533 

288. Beaglehole R, Bonita R, Jackson R, Stewart A. Cardiovascular 
mortality in New Zealand and Australia 1968-1983: how can the 
diverging trends be explained? NZ Med J. 1986;99:1-3 

289. Chang CC, Chen CJ. Secular trend of mortality from cerebral infarction 
and cerebral hemorrhage in Taiwan, 1974-1988. Stroke. 1993;24:212-
218 

290. Lawlor DA, Smith GD, Leon DA, Sterne JAC, Ebrahim S. Mortality 
trends by stroke subtype. Cardiology Review. 2003;20 

291. Gillum RF. Stroke in blacks. Stroke. 1988;19:1-9 
292. Modan B, Wagener DK. Some epidemiological aspects of stroke: 

mortality/morbidity trends, age, sex, race, socioeconomic status. 
Stroke. 1992;23:1230-1236 

293. Howard G, Howard VJ, Katholi C, Oli MK, Huston S. Decline in US 
stroke mortality: an analysis of temporal patterns by sex, race, and 
geographic region. Stroke. 2001;32:2213-2220 

294. Balarajan R. Ethnic differences in mortality from ischaemic heart 
disease and cerebrovascular disease in England and Wales. BMJ. 
1991;302:560-564 

295. Broderick JP, Phillips SJ, Whisnant JP, O'Fallon WM, Bergstralh EJ. 
Incidence rates of stroke in the eighties: The end of the decline in 
stroke? Stroke. 1989;20:577-582 

296. Wolf PA, D'Agostino RB, O'Neal MA, Sytkowski P, Kase CS, Belanger 
AJ, Kannel WB. Secular trends in stroke incidence and mortality. The 
Framingham Study. Stroke. 1992;23:1551-1555 

297. Kubo M, Kiyohara Y, Kato I, Tanizaki Y, Arima H, Tanaka K, Nakamura 
H, Okubo K, Iida M. Trends in the incidence, mortality, and survival rate 
of cardiovascular disease in a Japanese community: the Hisayama 
study. Stroke. 2003;34:2349-2354 

298. Truelsen T, Prescott E, Gronbaek M, Schnohr P, Boysen G. Trends in 
stroke incidence. The Copenhagen City Heart Study. Stroke. 
1997;28:1903-1907 

299. Shahar E, McGovern PG, Pankow JS, Doliszny KM, Smith MA, 
Blackburn H, Luepker RV. Stroke rates during the 1980s. The 
Minnesota Stroke Survey. Stroke. 1997;28:275-279 

300. Medin J, Nordlund A, Ekberg K. Increasing stroke incidence in Sweden 
between 1989 and 2000 among persons aged 30 to 65 years: evidence 
from the Swedish Hospital Discharge Register. Stroke. 2004;35:1047-
1051 



 

 267

301. Johansson B, Norrving B, Lindgren A. Increased stroke incidence in 
Lund-Orup, Sweden, between 1983 to 1985 and 1993 to 1995. Stroke. 
2000;31:481-486 

302. Derby CA, Lapane KL, Feldman HA, Carleton RA. Trends in validated 
cases of fatal and nonfatal stroke, stroke classification, and risk factors 
in southeastern New England, 1980 to 1991: data from the Pawtucket 
Heart Health Program. Stroke. 2000;31:875-881 

303. Sivenius J, Tuomilehto J, Immonen-Raiha P, Kaarisalo M, Sarti C, 
Torppa J, Kuulasmaa K, Mahonen M, Lehtonen A, Salomaa V, study F. 
Continuous 15-year decrease in incidence and mortality of stroke in 
Finland: the FINSTROKE study. Stroke. 2004;35:420-425 

304. Pajunen P, Paakkonen R, Hamalainen H, Keskimaki I, Laatikainen T, 
Niemi M, Rintanen H, Salomaa V. Trends in fatal and nonfatal strokes 
among persons aged 35 to >=85 years during 1991-2002 in Finland. 
Stroke. 2005;36:244-248 

305. Mayo NE, Neville D, Kirkland S, Ostbye T, Mustard CA, Reeder B, 
Joffres M, Brauer G, Levy AR. Hospitalization and case-fatality rates 
for stroke in Canada from 1982 through 1991. The Canadian 
Collaborative Study Group of Stroke Hospitalizations. Stroke. 
1996;27:1215-1220 

306. Field TS, Green TL, Roy K, Pedersen J, Hill MD. Trends in hospital 
admission for stroke in Calgary. Can J Neurol Sci. 2004;31:387-393 

307. Brommels M, Tilvis R, Autio L. Cerebrovascular disease: declining 
incidence but increasing hospital utilisation. Scand J Soc Med. 
1987;15:153-157 

308. Thorvaldsen P, Davidsen M, Bronnum-Hansen H, Schroll M. Stable 
stroke occurrence despite incidence reduction in an aging population: 
stroke trends in the danish monitoring trends and determinants in 
cardiovascular disease (MONICA) population. Stroke. 1999;30:2529-
2534 

309. Tuomilehto J, Sarti C, Torppa J, Salmi K, Puska P. Trends in stroke 
mortality and incidence in Finland in the 1970s and 1980s. Ann 
Epidemiol. 1993;3:519-523 

310. Stegmayr B, Asplund K. Stroke in Northern Sweden. Scand J Public 
Health. 2003;Suppl:60-69 

311. Sarti C, Stegmayr B, Tolonen H, Mahonen M, Tuomilehto J, Asplund K, 
Project WM. Are changes in mortality from stroke caused by changes 
in stroke event rates or case fatality? Results from the WHO MONICA 
Project. Stroke. 2003;34:1833-1840 

312. Choi B, de Guia N, Walsh P. Look before you leap: stratify before you 
standardize. Am J Epidemiol. 1999;149:1087-1096 

313. Egger M, Davey Smith G, Altman DG. Systematic Reviews in health 
Care: Meta-Analysis in Context. London: BMJ Publishing Group; 2001. 

314. Bonita R, Broad JB, Beaglehole R. Changes in stroke incidence and 
case-fatality in Auckland, New Zealand, 1981-91. The Lancet. 
1993;342:1470-1473 

315. D'Alessandro G, Bottacchi E, Di Giovanni M, Martinazzo C, Sironi L, 
Lia C, Carenini L, Corso G, Gerbaz V, Polillo C, Compagnoni MP. 
Temporal trends of stroke in Valle d'Aosta, Italy. Incidence and 30-day 
fatality rates. Neurological Sciences. 2000;21:13-18 



 

 268

316. Feigin VL, Wiebers DO, Whisnant JP, O'Fallon WM. Stroke incidence 
and 30-day case-fatality rates in Novosibirsk, Russia, 1982 through 
1992. Stroke. 1995;26:924-929 

317. Jamrozik K, Broadhurst RJ, Lai N, Hankey GJ, Burvill PW, Anderson 
CS. Trends in the incidence, severity, and short-term outcome of stroke 
in Perth, Western Australia. Stroke. 1999;30:2105-2111 

318. Jorgensen HS, Plesner AM, Hubbe P, Larsen K. Marked increase of 
stroke incidence in men between 1972 and 1990 in Frederiksberg, 
Denmark. Stroke. 1992;23:1701-1704 

319. Korv J, Roose M, Kaasik AE. Changed incidence and case-fatality 
rates of first-ever stroke between 1970 and 1993 in Tartu, Estonia. 
Stroke. 1996;27:199-203 

320. Lemesle M, Milan C, Faivre J, Moreau T, Giroud M, Dumas R. 
Incidence trends of ischemic stroke and transient ischemic attacks in a 
well-defined French population from 1985 through 1994. Stroke. 
1999;30:371-377 

321. Vibo R, Korv J, Roose M. The third stroke registry in Tartu, Estonia: 
decline of stroke incidence and 28-day case-fatality rate since 1991. 
Stroke. 2005;36:2544-2548 

322. Terent A. Increasing incidence of stroke among Swedish women. 
Stroke. 1988;19:598-603 

323. Terent A. Survival after stroke and transient ischemic attacks during 
the 1970s and 1980s. Stroke. 1989;20:1320-1326 

324. Xynos K, Tsivgoulis G, Spengos K, Saliaris M, Synetou M, Bokis MG, 
Vemmos K. Trends in stroke incidence and case fatality rate in 
Southern Greece. Cerebrovascular Diseases. 2005;19 (suppl 2):44 

325. Vemmos KN, Bots ML, Tsibouris PK, Zis VP, Grobbee DE, Stranjalis 
GS, Stamatelopoulos S. Stroke Incidence and Case Fatality in 
Southern Greece : The Arcadia Stroke Registry. Stroke. 1999;30:363-
370 

326. McGovern PG, Pankow JS, Burke GL, Shahar E, Sprafka JM, Folsom 
AR, Blackburn H. Trends in survival of hospitalized stroke patients 
between 1970 and 1985. The Minnesota Heart Survey. Stroke. 
1993;24:1640-1648 

327. Ahmed OI, Orchard TJ, Sharma R, Mitchell H, Talbot E. Declining 
mortality from stroke in Allegheny County, Pennsylvania. Trends in 
case fatality and severity of disease, 1971-1980. Stroke. 1988;19:181-
184 

328. Ukraintseva S, Sloan F, Arbeev K, Yashin A. Increasing Rates of 
Dementia at Time of Declining Mortality From Stroke. Stroke. 
2006;37:1155-1159 

329. Stegmayr B, Asplund K. Exploring the declining case fatality in acute 
stroke. Population-based observations in the Northern Sweden 
MONICA project. J Intern Med. 1996;240:143-149 

330. Numminen H, Kotila M, Waltimo O, Aho K, Kaste M. Declining 
incidence and mortality rates of stroke in Finland from 1972 to 1991. 
Results of three population-based stroke registers. Stroke. 
1996;27:1487-1491 

331. Immonen-Raiha P, Mahonen M, Tuomilehto J, Salomaa V, Kaarsalo E, 
Narva EV, Salmi K, Sarti C, Sivenius J, Alhainen K, Torppa J. Trends 



 

 269

in case-fatality of stroke in Finland during 1983 to 1992. Stroke. 
1997;28:2493-2499 

332. Peltonen M, Stegmayr B, Asplund K. Time trends in long-term survival 
after stroke: the Northern Sweden Multinational Monitoring of Trends 
and Determinants in Cardiovascular Disease (MONICA) study, 1985-
1994. Stroke. 1998;29:1358-1365 

333. Fogelholm R, Murros K, Rissanen A, Ilmavirta M. Decreasing incidence 
of stroke in central Finland, 1985-1993. Acta Neurologica 
Scandinavica. 1997;95:38-43 

334. Friedman PJ. Stroke rehabilitation in the elderly: Analysis of six years' 
experience. Clinical Rehabilitation. 1996;10:56-62 

335. Hallstrom B, Norrving B, Lindgren A. Stroke in Lund-Orup, Sweden: 
improved long-term survival among elderly stroke patients. Stroke. 
2002;33:1624-1629 

336. Pessah-Rasmussen H, Engstrom G, Jerntorp I, Janzon L. Increasing 
stroke incidence and decreasing case fatality, 1989-1998: a study from 
the stroke register in Malmo, Sweden. Stroke. 2003;34:913-918 

337. Garraway WM, Whisnant JP, Drury I. The changing pattern of survival 
following stroke. Stroke. 1983;14:699-703 

338. May DS, Casper ML, Croft JB, Giles WH. Trends in survival after 
stroke among Medicare beneficiaries. Stroke. 1994;25:1617-1622 

339. Stegmayr B, Asplund K, Wester PO. Trends in incidence, case-fatality 
rate, and severity of stroke in northern Sweden, 1985-1991. Stroke. 
1994;25:1738-1745 

340. Roth EJ, Lovell L. Seven-year trends in stroke rehabilitation: Patient 
characteristics, medical complications, and functional outcomes. 
Topics in Stroke Rehabilitation. 2003;9:1-9 

341. Ottenbacher KJ, Smith PM, Illig SB, Linn RT, Ostir GV, Granger CV. 
Trends in length of stay, living setting, functional outcome, and 
mortality following medical rehabilitation. JAMA. 2004;292:1687-1695 

342. Kovar MG, Pokras R, Collins JG. Trends in medical care and survival 
from stroke. Ann Epidemiol. 1993;3:466-470 

343. Muntner P, Garrett E, Klag MJ, Coresh J. Trends in stroke prevalence 
between 1973 and 1991 in the US population 25 to 74 years of age. 
Stroke. 2002;33:1209-1213 

344. Shahar E, McGovern PG, Sprafka JM, Pankow JS, Doliszny KM, 
Luepker RV, Blackburn H. Improved survival of stroke patients during 
the 1980s: The Minnesota stroke survey. Stroke. 1995;26:1-6 

345. Barker WH, Mullooly JP. Stroke in a defined elderly population, 1967-
1985: A less lethal and disabling but no less common disease. Stroke. 
1997;28:284-290 

346. Hardie K, Jamrozik K, Hankey GJ, Broadhurst RJ, Anderson C. Trends 
in five-year survival and risk of recurrent stroke after first-ever stroke in 
the Perth Community Stroke Study. Cerebrovascular Diseases. 
2005;19:179-185 

347. Numminen H, Kaste M, Aho K, Waltimo O, Kotila M. Decreased 
severity of brain infarct can in part explain the decreasing case fatality 
rate of stroke. Stroke. 2000;31:651-655 



 

 270

348. Bronnum-Hansen H, Davidsen M, Thorvaldsen P, Danish MSG. Long-
term survival and causes of death after stroke. Stroke. 2001;32:2131-
2136 

349. Whisnant JP. The decline of stroke. Stroke. 1984;15:160-168 
350. Lehtonen A, Salomaa V, Immonen-Raiha P, Sarti C, Mahonen M, 

Tuomilehto J, Torppa J, Sivenius J. Declining incidence and mortality 
of stroke in persons aged > or = 75 years in Finland; the FINSTROKE 
study. European Journal of Cardiovascular Prevention & Rehabilitation. 
2004;11:466-470 

351. Bonita R, Beaglehole R. Does treatment of hypertension explain the 
decline in mortality from stroke? BMJ. 1986;292:191-192 

352. Bonita R, Beaglehole R. The enigma of the decline in stroke deaths in 
the United States: the search for an explanation. Stroke. 1996;27:370-
372 

353. Klag MJ, Whelton PK, Seidler AJ. Decline in US stroke mortality. 
Demographic trends and antihypertensive treatment. Stroke. 
1989;20:14-21 

354. Tuomilehto J, Piha T, Nissinen A, Geboers J, Puska P. Trends in 
stroke mortality and in antihypertensive treatment in Finland from 1972 
to 1984 with special reference to North Karelia. Journal of Human 
Hypertension. 1987;1:201-208 

355. Bonita R, Beaglehole R. Increased treatment of hypertension does not 
explain the decline in stroke mortality in the United States, 1970-1980. 
Hypertension. 1989;13:69-73 

356. Whelton PK. Declining mortality from hypertension and stroke. 
Southern Medical Journal. 1982;75:33-38 

357. Luepker RV, Arnett DK, Jacobs DR, Jr., Duval SJ, Folsom AR, 
Armstrong C, Blackburn H. Trends in blood pressure, hypertension 
control, and stroke mortality: the Minnesota Heart Survey. Am J Med. 
2006;119:42-49 

358. Casper M, Wing S, Strogatz D, Davis CE, Tyroler HA. Antihypertensive 
treatment and US trends in stroke mortality, 1962 to 1980. Am J Public 
Health. 1992;82:1600-1606 

359. Lanska DJ, Mi X. Decline in US stroke mortality in the era before 
antihypertensive therapy. Stroke. 1993;24:1382-1388 

360. Sarti C, Vartiainen E, Torppa J, Tuomilehto J, Puska P. Trends in 
cerebrovascular mortality and in its risk factors in Finland during the 
last 20 years. Health Reports. 1994;6:196-206 

361. Vartiainen E, Sarti C, Tuomilehto J, Kuulasmaa K. Do changes in 
cardiovascular risk factors explain changes in mortality from stroke in 
Finland? BMJ. 1995;310:901-904 

362. McGovern PG, Shahar E, Sprafka JM, Pankow JS. The role of stroke 
attack rate and case fatality in the decline of stroke mortality: The 
Minnesota Heart Survey. Ann Epidemiol. 1993;3:483-487 

363. Hypertension Detection and Follow-up Program Cooperative Group. 
Five-year findings of the hypertension detection and follow-up program. 
III. Reduction in stroke incidence among persons with high blood 
pressure. JAMA. 1982;247:633-638 

364. Garraway WM, Whisnant JP. The changing pattern of hypertension 
and the declining incidence of stroke. JAMA. 1987;258:214-217 



 

 271

365. Tolonen H, Mahonen M, Asplund K, Rastenyte D, Kuulasmaa K, 
Vanuzzo D, Tuomilehto J. Do trends in population levels of blood 
pressure and other cardiovascular risk factors explain trends in stroke 
event rates? Comparisons of 15 populations in 9 countries within the 
WHO MONICA Stroke Project. Stroke. 2002;33:2367-2375 

366. Meissner I, Whisnant JP, Sheps SG, Schwartz GL, O'Fallon WM, 
Covalt JL, Sicks JD, Bailey KR, Wiebers DO. Detection and Control of 
High Blood Pressure in the Community: Do We Need a Wake-Up Call? 
Hypertension. 1999;34:466-471 

367. Whisnant JP, O'Fallon WM, Sicks J, Ingall T. Stroke incidence with 
hypertension and ischemic heart disease in Rochester, Minnesota. Ann 
Epidemiol. 1993;3:480-482 

368. Miyasaka Y, Barnes ME, Gersh BJ, Cha SS, Seward JB, Bailey KR, 
Iwasaka T, Tsang TS. Time trends of ischemic stroke incidence and 
mortality in patients diagnosed with first atrial fibrillation in 1980 to 
2000: report of a community-based study. Stroke. 2005;36:2362-2366 

369. Wilhelmsen L, Johansson S, Rosengren A, Wallin I, Dotevall A, Lappas 
G. Risk factors for cardiovascular disease during the period 1985-1995 
in Goteborg, Sweden. The GOT-MONICA project. Journal of Internal 
Medicine. 1997;242:199-211 

370. Tuomilehto J, Bonita R, Stewart A, Nissinen A, Salonen JT. 
Hypertension, cigarette smoking, and the decline in stroke incidence in 
eastern Finland. Stroke. 1991;22:7-11 

371. Kuulasmaa K, Tunstall-Pedoe H, Dobson A, Fortmann S, Sans S, 
Tolonen H, Evans A, Ferrario M. Estimation of contribution of changes 
in classic risk factors to trends in coronary-event rates across the WHO 
MONICA Project populations. The Lancet. 2000;355:675-687 

372. Cooper R, Cutler J, Desvigne-Nickens P, Fortmann SP, Friedman L, 
Havlik R, Hogelin G, Marler J, McGovern P, Morosco G, Mosca L, 
Pearson T, Stamler J, Stryer D, Thom T. Trends and disparities in 
coronary heart disease, stroke, and other cardiovascular diseases in 
the United States: findings of the national conference on cardiovascular 
disease prevention. Circulation. 2000;102:3137-3147 

373. Evans A, Tolonen H, Hense H-W, Ferrario M, Sans S, Kuulasmaa K. 
Trends in coronary risk factors in the WHO MONICA Project. Int J 
Epidemiol. 2001;30:S35-S40 

374. Knuiman MW, Jamrozik K, Welborn TA, Bulsara MK, Divitini ML, 
Whittall DE. Age and secular trends in risk factors for cardiovascular 
disease in Busselton. Australian Journal of Public Health. 1995;19:375-
382 

375. Sprafka JM, Virnig BA, Shahar E, McGovern PG. Trends in diabetes 
prevalence among stroke patients and the effect of diabetes on stroke 
survival: The Minnesota Heart Survey. Diabetic Medicine. 1994;11:678-
684 

376. Greenlund KJP, Zheng ZJMD, Keenan NLP, Giles WHMD, Casper 
MLP, Mensah GAMD, Croft JBP. Trends in self-reported multiple 
cardiovascular disease risk factors among adults in the United States, 
1991-1999. Arch Intern Med. 2004;164:181-188 

377. Kottke TE, Wu LA. Preventing heart disease and stroke: messages 
from the United States. Keio Journal of Medicine. 2001;50:274-279 



 

 272

378. Kitamura A, Iso H, Iida M, Naito Y, Sato S, Jacobs DR, Nakamura M, 
Shimamoto T, Komachi Y. Trends in the incidence of coronary heart 
disease and stroke and the prevalence of cardiovascular risk factors 
among Japanese men from 1963 to 1994. Am J Med. 2002;112:104-
109 

379. Hart RG, Palacio S, Pearce LA. Atrial fibrillation, stroke, and acute 
antithrombotic therapy: analysis of randomized clinical trials. Stroke. 
2002;33:2722-2727 

380. Malmgren R, Bamford J, Warlow C, Sandercock P, Slattery J. 
Projecting the number of patients with first ever strokes and patients 
newly handicapped by stroke in England and Wales. BMJ. 
1989;298:656-660 

381. La Rosa F, Celani MG, Duca E, Righetti E, Saltalamacchia G, Ricci S. 
Stroke care in the next decades: a projection derived from a 
community-based study in Umbria, Italy. Eur J Epidemiol. 1993;9:151-
154 

382. Broderick JP. William M. Feinberg Lecture: Stroke therapy in the year 
2025: burden, breakthroughs, and barriers to progress. Stroke. 
2004;35:205-211 

383. Statistics New Zealand. Demographic Trends 2003. Wellington, New 
Zealand: Statistics New Zealand; 2004. 

384. Statistics New Zealand. Subnational Population Projections, 2001 
(base) - 2021. Wellington, New Zealand: Statistics New Zealand; 2002. 

385. Statistics New Zealand. 1981 Census of Population and Dwellings, 
Supermap 2. Wellington: Statistics New Zealand; 1981. 

386. Statistics New Zealand. 1991 Census of Population and Dwellings, 
Supermap 3. Wellington: Statistics New Zealand; 1991. 

387. Statistics New Zealand. 2001 Census of Population and Dwellings. 
Wellington: Statistics New Zealand; 2001. 

388. Statistics New Zealand. Demographic Aspects of New Zealand's 
Ageing Population. Wellington, New Zealand: Statistics New Zealand; 
2006. 

389. Statistics New Zealand, Smeith G, Dunstan K. Ethnic Population 
Projections: Issues and Trends. Wellington, New Zealand: Statistics 
New Zealand; 2004. 

390. Privacy Act. Health Information Privacy Code. 1993 
391. Fraser GE. The estimation of disease frequency using a population 

sample. Int J Epidemiol. 1978;7:277-284 
392. Goldstein LB, Jones MR, Matchar DB, Edwards LJ, Hoff J, Chilukuri V, 

Armstrong SB, Horner RD. Improving the reliability of stroke subgroup 
classification using the Trial of ORG 10172 in Acute Stroke Treatment 
(TOAST) criteria. Stroke. 2001;32:1091-1098 

393. Elley WB, Irving JC. The Elley-Irving socio-economic index 1981 
census revision. New Zealand Journal of Educational Studies. 
1985;20:115-128 

394. Davis P, McLeod K, Ransom M, Ongley P. The New Zealand 
Socioeconomic Index of Occupational Status (NZSEI). Research 
Report #2. Wellington, New Zealand: Staistics New Zealand; 1997. 

395. Davis P, Jenkin G, Coope P. The New Zealand Socioeconomic Index 
of Occupational Status (NZSEI) 1996. An update and revision of the 



 

 273

New Zealand Socio-economic Index of Occupational Status. 
Wellington, New Zealand: Staistics New Zealand; 2003. 

396. Wolfe CD, Taub NA, Woodrow J, Richardson E, Warburton FG, Burney 
PG. Does the incidence, severity, or case fatality of stroke vary in 
southern England? J Epidemiol Community Health. 1993;47:139-143 

397. Lindley R, Waddel F, Livingstone M, Sandercock P, Dennis M, Slattery 
J, Smith B, Warlow C. Can simple questions assess outcome after 
stroke? Cerebrovascular Diseases. 1994;4:314-324 

398. Dennis M, Wellwood I, Warlow C. Are simple questions a valid 
measure of outcome after stroke? Cerebrovascular Diseases. 
1997;7:22-27 

399. Dennis M, Wellwood I, O'Rourke S, MacHale S, Warlow C. How 
reliable are simple questions in assessing outcome after stroke? 
Cerebrovascular Diseases. 1997;7:19-21 

400. McKevitt C, Dundas R, Wolfe C. Two simple questions to assess 
outcome after stroke : a european study. Stroke. 2001;32:681-686 

401. Statistics New Zealand. National Population Projections, 2004 (base) - 
2051. Wellington, New Zealand: Statistics New Zealand; 2004. 

402. Statistics New Zealand. National Ethnic Population Projections, 2001 
(base) - 2021. Wellington, New Zealand: Statistics New Zealand; 2005. 

403. Oracle. Oracle8i Release 8.1.6.0. 1999 
404. SAS Institute. The SAS System for Windows Release 8. 1999 
405. Walker NK, Vandal AC, Holden JK, Rodgers A, Birchall N, Norton R, 

Triggs CM, MacMahon S. Does capture-recapture analysis provide 
more reliable estimates of the incidence and prevalence of leg ulcers in 
the community? Aust NZ J Public Health. 2002;26:451-455 

406. Hook EB, Regal RR. Accuracy of alternative approaches to capture-
recapture estimates of disease frequency: internal validity analysis of 
data from five sources. Am J Epidemiol. 2000;152:771-779 

407. Akaike HA. A new look at the statistical model IEEE. Trans Auto 
Control. 1974;19:716-723 

408. Walkenback J. Microsoft Excel 2003 Bible. John Wiley & Sons; 2003. 
409. Clayton D, Hills M. Statistical Models in Epidemiology. Oxford: Oxford 

University Press; 1993. 
410. Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJL, Lozano R, Inoue 

M. Age standardization of rates: a new WHO standard. Geneva: World 
Health Organization; 2003. 

411. Waterhouse J, Muir CS, Correa P, Powell J. Cancer incidence in five 
continents: Volume 3. France: International Agency for Research on 
Cancer.; 1976. 

412. Brown P, Johnston J. Standardisation of Rates of Disease. Wellington: 
Public Health Commission and Ministry of Health NZ; 1996. 

413. Woodward M. Epidemiology: Study Design and Data Analysis. Boca 
Raton: Chapman & Hall; 1999. 

414. Rubin DB. Multiple imputation for nonresponse in surveys. New York, 
NY: John Wiley & Sons, Inc; 1987. 

415. Shafer JL. Analysis of incomplete multivariate data. London, United 
Kingdom: Chapman & Hall; 1997. 

416. Little RJA, Rubin DB. Statistical analysis with missing data. New York, 
NY: John Wiley & Sons, Inc; 1987. 



 

 274

417. Barzi F, Woodward M. Imputations of missing values in practice: 
Results from imputations of serum cholesterol in 28 cohort studies. Am 
J Epidemiol. 2004;160:34-45 

418. Zhou XH, Eckert GJ, Tierney WM. Multiple imputation in public health 
research. Stat Med. 2001;20:1541-1549 

419. Beaglehole R, Bonita R, Kjellstrom T. Basic Epidemiology. Geneva: 
World Health Organization; 1993. 

420. Freeman J, Hutchison GB. Prevalence, incidence and duration. Am J 
Epidemiol. 1980;112:707-723 

421. Kuller LH. Incidence rates of stroke in the eighties: the end of the 
decline in stroke? Stroke. 1989;20:841-843 

422. Metcalf P, Scragg R, Schaaf D, Dyall L, Black P, Jackson R. Trends in 
major cardiovascular risk factors in Auckland, New Zealand: 1982 to 
2002–2003. NZ Med J. 2006;19:1-16 

423. Trye P, Jackson R, Stewart A, Yee RL, Beaglehole R. Trends and 
determinants of blood pressure in Auckland, New Zealand. NZ Med J. 
1996;109:179-181 

424. Stegmayr B, Asplund K, Kuulasmaa K, Rajakangas A, Thorvaldsen P, 
Tuomilehto J. Stroke Incidence and Mortality Correlated to Stroke Risk 
Factors in the WHO MONICA Project : An Ecological Study of 18 
Populations. Stroke. 1997;28:1367-1374 

425. Laugesen M, Swinburn B. New Zealand's tobacco control programme 
1985-1998. Tobacco Control. 2000;9:155-162 

426. Wilson BD, Wilson NC, Russell DG. Obesity and body fat distribution in 
the New Zealand population. NZ Med J. 2001;114:127-130 

427. Yach D, Stuckler D, Brownell KD. Epidemiologic and economic 
consequences of the global epidemics of obesity and diabetes. Nat 
Med. 2006;12:62-66 

428. Peeters A, Bonneux L, Barendregt JJ, Mackenbach JP, Netherlands E, 
Demography Compression of Morbidity Research G. Improvements in 
treatment of coronary heart disease and cessation of stroke mortality 
rate decline. Stroke. 2003;34:1610-1614 

429. Tilling K. Capture-recapture methods--useful or misleading? Int J 
Epidemiol. 2001;30:12-14 

430. Bell C, Swinburn B, Stewart A, Jackson R, Tukuitonga C, Tipene-
Leach D. Ethnic differences and recent trends in coronary heart 
disease incidence in New Zealand. NZ Med J. 1996;109:66-68 

431. Cappuccio FP. Ethnicity and cardiovascular risk: variations in people of 
African ancestry and South Asian origin. J Hum Hypertens. 
1997;11:571-576 

432. Ministry of Health. Tobacco Facts. Wellington: Ministry of Health; 2003. 
433. Jacobs BS, Boden-Albala B, Lin IF, Sacco RL. Stroke in the young in 

the northern Manhattan stroke study. Stroke. 2002;33:2789-2793 
434. White H, Boden-Albala B, Wang C, Elkind M, Rundek T, Wright C, 

Sacco R. Ischemic stroke subtype incidence among whites, Blacks, 
and Hispanics: The Northern Manhattan Study. Circulation. 
2005;111:1327-1331 

435. Broderick J, Brott T, Kothari R, Miller R, Khoury J, Pancioli A, Gebel J, 
Mills D, Minneci L, Shukla R. The Greater Cincinnati/Northern 



 

 275

Kentucky Stroke Study: preliminary first-ever and total incidence rates 
of stroke among blacks. Stroke. 1998;29:415-421 

436. Woo D, Gebel J, Miller R, Kothari R, Brott T, Khoury J, Salisbury S, 
Shukla R, Pancioli A, Jauch E, Broderick J. Incidence rates of first-ever 
ischemic stroke subtypes among blacks: a population-based study. 
Stroke. 1999;30:2517-2522 

437. Hajat C, Tilling K, Stewart JA, Lemic-Stojcevic N, Wolfe CDA. Ethnic 
differences in risk factors for ischemic stroke: a European case-control 
study. Stroke. 2004;35:1562-1567 

438. Sarti C, Tuomilehto J, Sivenius J, Kaarsalo E, Narva EV, Salmi K, 
Torppa J, Salomaa V. Declining trends in incidence, case-fatality and 
mortality of stroke in three geographic areas of Finland during 1983-
1989. Results from the FINMONICA stroke register. J Clin Epidemiol. 
1994;47:1259-1269 

439. Ministry of Health. The Pacific Health and Disability Action Plan. 
Wellington: Ministry of Health; 2002. 

440. Metcalf PA, Scragg RK, Willoughby P, Finau S, Tipene-Leach D. 
Ethnic differences in perceptions of body size in middle-aged 
European, Maori and Pacific people living in New Zealand. 
International Journal of Obesity & Related Metabolic Disorders: Journal 
of the International Association for the Study of Obesity. 2000;24:593-
599 

441. Foliaki S, Pearce N. Prevention and control of diabetes in Pacific 
people. BMJ. 2003;327:437-439 

442. Simmons D, Shaw L, Kenealy T, Scott D, Scragg R. Ethnic differences 
in diabetes knowledge and education: the South Auckland Diabetes 
Survey. NZ Med J. 1994;107:197-200 

443. Ministry of Health. Reducing Inequalities in Health. Wellington: Ministry 
of Health; 2002. 

444. Jackson R, Yee RL, Priest P, Shaw L, Beaglehole R. Trends in 
coronary heart disease risk factors in Auckland 1982-1994. NZ Med J. 
1995;108:451-454 

445. Trye P, Jackson R, Yee RL, Beaglehole R. Trends in the use of blood 
pressure lowering medications in Auckland, and associated costs, 
1982-1994. NZ Med J. 1996;109:270-272 

446. Bell AC, Swinburn BA, Simmons D, Wang W, Amosa H, Gatland B. 
Heart disease and diabetes risk factors in Pacific Islands communities 
and associations with measures of body fat. NZ Med J. 2001;114:208-
213 

447. Lavados PM, Sacks C, Prina L, Escobar A, Tossi C, Araya F, 
Feuerhake W, Galvez M, Salinas R, Alvarez G. Incidence, 30-day 
case-fatality rate, and prognosis of stroke in Iquique, Chile: A 2-year 
community-based prospective study (PISCIS project). The Lancet. 
2005;365:2206-2215 

448. Gil-Peralta A, Alter M, Lai SM, Friday G, Otero A, Katz M, Comerota 
AJ. Duplex Doppler and spectral flow analysis of racial differences in 
cerebrovascular atherosclerosis. Stroke. 1990;21:740-744 

449. Pearce N, Foliaki S, Sporle A, Cunningham C. Genetics, race, 
ethnicity, and health. BMJ. 2004;328:1070-1072 



 

 276

450. Dundas R, Morgan M, Redfern J, Lemic-Stojcevic N, Wolfe C. Ethnic 
differences in behavioural risk factors for stroke: implications for health 
promotion. Ethnicity & Health. 2001;6:95-103 

451. Lemic-Stojcevic N, Dundas R, Jenkins S, Rudd A, Wolfe C. 
Preventable risk factors for coronary heart disease and stroke amongst 
ethnic groups in London. Ethnicity & Health. 2001;6:87-94 

452. Scragg R, Baker J, Metcalf P, Dryson E. Hypertension and its 
treatment in a New Zealand multicultural workforce. NZ Med J. 
1993;106:147-150 

453. Schaaf D, Scragg R, Metcalf P. Cardiovascular risk factors levels of 
Pacific people in a New Zealand multicultural workforce. NZ Med J. 
2000;113:3-5 

454. Gentles D, Metcalf P, Dyall L, Scragg R, Black P, Schaaf D, Sundborn 
G, Jackson R. Blood pressure prevalences and levels for a 
multicultural population in Auckland, New Zealand: results from the 
Diabetes, Heart and Health Survey 2002/2003. NZ Med J. 2006;19:1-
10 

455. Johnson NE. The racial crossover in comorbidity, disability, and 
mortality. Demography. 2000;37:267-283 

456. Worrall BB, Johnston KC, Kongable G, Hung E, Richardson D, 
Gorelick PB. Stroke risk factor profiles in African American women: an 
interim report from the African-American Antiplatelet Stroke Prevention 
Study. Stroke. 2002;33:913-919 

457. Blakely T, Fawcett J, Atkinson J, Tobias M, Cheung J. Decades of 
Disparity II: Socioeconomic mortality trends in New Zealand, 1981 to 
1999. Wellington: Ministry of Health; 2005. 

458. Howard G, Russell GB, Anderson R, Evans GW, Morgan T, Howard 
VJ, Burke GL. Role of social class in excess black stroke mortality. 
Stroke. 1995;26:1759-1763 

459. Sacco RL, Hauser WA, Mohr JP. Hospitalized stroke in blacks and 
Hispanics in northern Manhattan. Stroke. 1991;22:1491-1496 

460. Feigin VL, Rodgers A. Ethnic disparities in risk factors for stroke: what 
are the implications? Stroke. 2004;35:1568-1569 

461. Cappuccio FP, Cook DG, Atkinson RW, Strazzullo P. Prevalence, 
detection, and management of cardiovascular risk factors in different 
ethnic groups in south London. Heart. 1997;78:555-563 

462. McKevitt C, Coshall C, Tilling K, Wolfe C. Are there inequalities in the 
provision of stroke care?: analysis of an inner-city stroke register. 
Stroke. 2005;36:315-320 

463. Goldstein LB, Matchar DB, Hoff-Lindquist J, Samsa GP, Horner RD. 
Veterans Administration Acute Stroke (VASt) Study: lack of 
race/ethnic-based differences in utilization of stroke-related procedures 
or services. Stroke. 2003;34:999-1004 

464. Robinson T, Simmons D, Scott D, Howard E, Pickering K, Cutfield R, 
Baker J, Patel A, Wellingham J, Morton S. Ethnic differences in Type 2 
diabetes care and outcomes in Auckland: a multiethnic community in 
New Zealand. NZ Med J. 2006;119 

465. McNaughton H, Weatherall M, McPherson K, Taylor W, Harwood M. 
The comparability of resource utilisation for Europeans and non-



 

 277

Europeans following stroke in New Zealand. NZ Med J. 2002;115:101-
103 

466. Redfern J, McKevitt C, Rudd AG, Wolfe C. Health care follow-up after 
stroke: opportunities for secondary prevention. Family Practice. 
2002;19:378-382 

467. Levine DA, Kiefe CI, Houston TK, Allison JJ, McCarthy EP, Ayanian 
JZ. Younger stroke survivors have reduced access to physician care 
and medications: national health interview survey from years 1998 to 
2002. Arch Neurol. 2007;Published online Nov 06 

468. Sharpe N, Wilkins G. Quality and equity in cardiovascular health in 
New Zealand: the need for agreed achievable standards of care, 
cohesive planning, and action. NZ Med J. 2004;117:1-6 

469. Chan CK, Feinstein AR, Jekel JF, Well CK. The value and hazards of 
standardization in clinical epidemiologic research. J Clin Epidemiol. 
1988;41:1125-1134 

470. Petty GW, Brown RD, Jr., Whisnant JP, Sicks JD, O'Fallon WM, 
Wiebers DO. Survival and recurrence after first cerebral infarction: a 
population-based study in Rochester, Minnesota, 1975 through 1989. 
Neurology. 1998;50:208-216 

471. Di Matteo M, Anderson C, Ratnasabapathy Y, Green G, Tryon K. The 
acute stroke unit at Middlemore hospital: an evaluation in its first year 
of operation. NZ Med J. 2004;117 

472. Barber PA, Charleston A, Anderson N, Spriggs D, Bennett D, Bennett 
P, Thomas K, Baker Y. Changes in stroke care at Auckland Hospital 
between 1996 and 2001. NZ Med J. 2004;117 

473. Barber PA, Anderson N, Bennett P. Acute stroke services in New 
Zealand. NZ Med J. 2002;115:3-6 

474. Public Health Intelligence Group. Modelling Stroke. A multi-state life 
table model. Wellington, New Zealand: Ministry of Health; 2002. 

475. Aoki N, Kasagi F, Horibe H. Projection of mortality from 
cerebrovascular disease, 1985 through 2000 A.D., in Japan. Japanese 
Circulation Journal. 1987;51:138-143 

476. Bots ML, Looman SJ, Koudstaal PJ, Hofman A, Hoes AW, Grobbee 
DE. Prevalence of stroke in the general population. Stroke. 
1996;27:1499-1501 

477. Geddes JML, Fear J, Tennant A, Pickering A, Hillman M, Chamberlain 
MA. Prevalence of self reported stroke in a population in northern 
England. J Epidemiol Community Health. 1996;50:140-143 

478. Peltonen M, Asplund K. Age-period-cohort effects on stroke mortality in 
Sweden 1969-1993 and forecasts up to the year 2003. Stroke. 
1996;27:1981-1985 

479. Osmond C. Using age, period and cohort models to estimate future 
mortality rates. Int J Epidemiol. 1985;14:124-129 

480. Health Funding Authority. Diabetes 2000. Wellington: Health Funding 
Authority; 2000. 

481. Ministry of Health. Clearing the Smoke: A five-year plan for tobacco 
control in New Zealand (2004-2009). Wellington: Ministry of Health; 
2004. 

482. Ministry of Health. He Korowai Oranga. Maori Health Strategy. 
Wellington: Ministry of Health; 2002. 



 

 278

11. APPENDICES 

Appendix 1  List of ICD-9 and ICD-10 codes used to search the NZHIS 
database for strokes..........................................................................279 

Appendix 2  MEDLINE search strategy for trends in stroke. ........................280 

Appendix 3  Calculations for Percentage Change in the Literature Review of 
Trends in Ideal Stroke Incidence Studies..........................................281 

Appendix 4  Calculations for Pooled Estimates in the Literature Review of 
Trends in Ideal Stroke Incidence Studies..........................................282 

Appendix 5  Crude event rates by age (10-year age bands) and sex ..........283 

Appendix 6  Crude incidence rates by age (10-year age bands) and sex....284 

Appendix 7  Age-specific crude event rates by ethnicity per 100,000 in 
Auckland, New Zealand, 1981-2003. ................................................285 

 

 



 

 279

Appendix 1  List of ICD-9 and ICD-10 codes used to search the NZHIS 

database for strokes. 

ICD-9 codes 
430 Subarachnoid Haemorrhage 
431 Intracerebral Haemorrhage 
432 Other and Unspecified Intracranial Haemorrhage 
433 Occlusion and Stenosis of Precerebral Arteries 
434 Occlusion of Cerebral Arteries 
435 Transient Cerebral Ischaemia 
436 Acute, but ill-defined cerebrovascular disease 

  

ICD-10 codes 
G45. Transient Cerebral Ischaemic Attacks 
G46. Vascular Syndromes 
I60. Subarachnoid Haemorrhage 
I61. Intracerebral Haemorrhage 
I63. Cerebral Infarction 
I64. Not Specified Stroke 
I67. Other Cerebrovascular Diseases 
I68. Cerebrovascular Disorders 
I69. Sequelae of Cerebrovascular Disease 
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Appendix 2  MEDLINE search strategy for trends in stroke. 

1. exp Cerebrovascular Disorders/mo, ep, eh,et, hi [Mortality, Epidemiology, 

Ethnology, Etiology, History] 

2. (stroke$ or poststroke$ or cva$).tw. 

3. (cerebrovascular$ or cerebral vascular).tw. 

4. (cerebral or cerebellar or brain$ or vertebrobasilar).tw. 

5. (infarct$ or ischemi$ or ischaemic$ or thrombo$ or emboli$ or apoplexy).tw. 

6. (cerebral or intracereberal or intracranial or brain$).tw. 

7. (haemorrhage or hemorrhage or bleed$).tw. 

8. 4 and 5 

9. 6 and 7 

10. 1 or 2 or 3 or 8 or 9 

11. (ethn$ or incident$ or prevalen$ or case fatality or mortality or morbidity or 

epidemiol$).mp, hw. 

12. 10 and 11 

13. trend$.mp. or decline$.mp, hw. [mp=title, abstract, name of substance, mesh 

subject heading] 

14. 12 and 13 
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Appendix 3  Calculations for Percentage Change in the Literature Review 

of Trends in Ideal Stroke Incidence Studies 

Overall percentage change (OC%) was calculated from data presented in 

each published ‘ideal’ stroke trends paper, using the published standardised 

data, from the rate of first time period (RF) against the rate from the last time 

period (RL)312  

F

FL

R
RROC −

=% . 

Confidence intervals were calculated by using Poisson Distribution where rate 

(R) = λ and var(λ) = λ. In this analysis 05.0=α  was used to calculate a 95% 

confidence interval. 

)var()var(% 2/ LFZOC λλα +±  

The percentage change (C%) between sequential study periods was 

calculated for each study. If there were only two study periods used this was 

the OC%. Annual percentage change (AC%) was calculated by taking the 

sum of these changes between study periods and dividing by the total number 

of years the study covered.  

years
C

AC i

#
%

% ∑= . 

To calculate the confidence interval the standard deviation for the OC% was 

divided by the number of years the study covered. 

years
ZAC LF

#
)var()var(% 2/

λλ
α

+
± . 
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Appendix 4  Calculations for Pooled Estimates in the Literature Review of 

Trends in Ideal Stroke Incidence Studies 

For each endpoint the inverse variance method was used to calculate a fixed 

effects estimate of the pooled effect size of the studies.313 The individual study 

effect size is denoted by, iθ . So the weighted average of the change in 

estimate for the individual studies is 

∑
∑=

i

ii
IV w

wθ
θ ,  where 2)(

1

i
i se

w
θ

= . 

The standard error of IVθ is given by 

∑
=

i
IV

w
se 1)(θ . 

For each endpoint a test of heterogeneity was carried out. This tests for 

differences between the endpoints of the studies. 

∑ −= 2)( IViiwQ θθ . 

When the test for heterogeneity is significant the DerSimonian and Laird 

random effects model was used. This is given by 

∑ ∑
∑

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

−−
=

i

i
i w

w
w

kQ
2

2 )1(τ , 

where k-1 is the degrees of freedom for the number of studies included in the 

meta-analysis. The effect size of each study is then weighted using this 2τ  

formula by 

22)(
1

τθ +
=′

i
i se

w  

The overall pooled random effect is given by  

∑
∑

′

′
=

i

ii
DL w

wθ
θ , with 

∑ ′
=

i
DL

w
se 1)(θ . 

Both the fixed and random effects are presented here to show the reader the 

difference between the fixed and random effects models. Sensitivity analyses 

were also conducted where studies with extreme results were removed to 

check the reliability of the pooled results. 
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Appendix 5  Crude event rates by age (10-year age bands) and sex 

  1981 1991 2002 
  Person yrs n Rate 95% CI Person yrs n Rate 95% CI Person yrs n Rate 95% CI 
Men                 
15-24 73602 6 8 (-1,17) 79485 5 6 (1,12) 87552 4 5 (0,9) 
25-34 60876 10 16 (2,31) 78396 11 14 (6,22) 87084 12 14 (6,22) 
35-44 48531 32 66 (34,98) 67254 34 51 (28,73) 89706 28 31 (20,43) 
45-54 38998 54 138 (86,191) 48546 51 105 (73,137) 70374 81 115 (90,140) 
55-64 34493 102 296 (215,377) 35316 151 428 (336,519) 45423 148 326 (273,378) 
65-74 22251 224 1007 (820,1193) 25452 290 1139 (947,1332) 28173 273 969 (854,1084) 
75-84 8742 216 2471 (2005,2937) 11946 252 2109 (1768,2451) 15210 277 1821 (1607,2036) 
85+ 1509 46 3048 (1803,4294) 2421 41 1694 (1175,2212) 3633 95 2615 (2089,3141) 
Total 289002 690 239 (214,264) 348816 835 239 (218,261) 427155 918 215 (201,229) 

Women                         
15-24 72966 2 3 (-3,8) 79002 4 5 (0,10) 89943 3 3 (0,7) 
25-34 64743 2 3 (-3,9) 81912 9 11 (4,18) 98661 6 6 (1,11) 
35-44 50037 16 32 (10,54) 70629 29 41 (26,56) 97668 20 20 (12,29) 
45-54 37988 42 111 (63,158) 49152 48 98 (67,129) 74385 66 89 (67,110) 
55-64 35878 84 234 (163,305) 35136 91 259 (190,328) 47310 116 245 (201,290) 
65-74 27561 156 566 (440,692) 30936 222 718 (587,848) 31281 187 598 (512,683) 
75-84 14223 282 1983 (1655,2310) 19755 359 1817 (1577,2058) 22605 390 1725 (1554,1897) 
85+ 4182 132 3156 (2395,3918) 6120 206 3366 (2799,3934) 8874 295 3324 (2945,3704) 
Total 307578 716 233 (209,257) 372642 968 260 (239,281) 470727 1083 230 (216,244) 

Overall                 
15-24 146568 8 5 (0,11) 158487 9 6 (2,9) 177495 7 4 (1,7) 
25-34 125619 12 10 (2,17) 160308 20 12 (7,18) 185745 18 10 (5,14) 
35-44 98568 48 49 (29,68) 137883 63 46 (32,59) 187374 48 26 (18,33) 
45-54 76986 96 125 (89,160) 97698 99 101 (79,124) 144759 147 102 (85,118) 
55-64 70371 186 264 (211,318) 70452 242 343 (286,401) 92733 264 285 (250,319) 
65-74 49812 380 763 (654,871) 56388 512 908 (795,1021) 59454 460 774 (703,844) 
75-84 22965 498 2169 (1899,2438) 31701 611 1927 (1730,2125) 37815 667 1764 (1630,1898) 
85+ 5691 178 3128 (2478,3778) 8541 247 2892 (2460,3324) 12507 390 3118 (2809,3428) 
Total 596580 1406 236 (218,253) 721458 1803 250 (235,265) 897882 2001 223 (213,233) 
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Appendix 6  Crude incidence rates by age (10-year age bands) and sex 

  1981 1991 2002 
  Person yrs n Rate 95% CI Person yrs n Rate 95% CI Person yrs n Rate 95% CI 
Men                 
15-24 73602 6 8 (-1,17) 79485 4 5 (0,10) 87552 4 5 (0,9) 
25-34 60876 10 16 (2,31) 78396 11 14 (6,22) 87084 11 13 (5,20) 
35-44 48531 26 54 (24,83) 67254 30 45 (23,66) 89706 23 26 (15,36) 
45-54 38998 48 123 (74,172) 48546 43 89 (59,119) 70374 68 97 (74,120) 
55-64 34493 74 215 (145,284) 35316 109 309 (232,386) 45423 110 242 (197,287) 
65-74 22251 158 710 (553,867) 25452 201 790 (628,951) 28173 198 703 (605,801) 
75-84 8742 150 1716 (1328,2104) 11946 155 1298 (1038,1557) 15210 189 1243 (1065,1420) 
85+ 1509 38 2518 (1386,3651) 2421 34 1404 (932,1876) 3633 64 1762 (1330,2193) 
Total 289002 510 176 (155,198) 348816 587 143 (125,161) 427155 667 156 (144,168) 

Women                         
15-24 72966 2 3 (-3,8) 79002 3 4 (0,8) 89943 3 3 (0,7) 
25-34 64743 2 3 (-3,9) 81912 6 7 (1,13) 98661 5 5 (1,10) 
35-44 50037 16 32 (10,54) 70629 28 40 (25,54) 97668 16 16 (8,24) 
45-54 37988 32 84 (43,126) 49152 39 79 (51,108) 74385 57 77 (57,97) 
55-64 35878 70 195 (130,260) 35136 74 211 (146,275) 47310 94 199 (159,239) 
65-74 27561 102 370 (269,472) 30936 172 556 (437,675) 31281 138 441 (368,515) 
75-84 14223 200 1406 (1131,1682) 19755 257 1301 (1096,1505) 22605 249 1102 (965,1238) 
85+ 4182 96 2296 (1646,2945) 6120 139 2271 (1833,2709) 8874 194 2186 (1879,2494) 
Total 307578 520 169 (149,190) 372642 718 172 (154,190) 470727 756 161 (149,172) 

Overall                 
15-24 146568 8 5 (0,11) 158487 7 4 (1,8) 177495 7 4 (1,7) 
25-34 125619 12 10 (2,17) 160308 17 11 (6,16) 185745 16 9 (4,13) 
35-44 98568 42 43 (24,61) 137883 58 42 (29,55) 187374 39 21 (14,27) 
45-54 76986 80 104 (72,136) 97698 82 84 (63,105) 144759 125 86 (71,101) 
55-64 70371 144 205 (157,252) 70452 183 260 (209,310) 92733 204 220 (190,250) 
65-74 49812 260 522 (432,612) 56388 373 661 (564,759) 59454 336 565 (505,626) 
75-84 22965 350 1524 (1298,1750) 31701 412 1300 (1139,1460) 37815 438 1158 (1050,1267) 
85+ 5691 134 2355 (1791,2918) 8541 173 2026 (1684,2367) 12507 258 2063 (1811,2315) 
Total 596580 1030 173 (158,188) 721458 1305 181 (168,194) 897882 1423 158 (150,167) 
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Appendix 7  Age-specific crude event rates by ethnicity per 100,000 in Auckland, New Zealand, 1981-2003. 

  1981-1982 1991-1992 2002-2003 
Age group N n Rate (95% CI) N n Rate (95% CI) N n Rate (95% CI) 
NZ/European             

15-64 422202 276 65 (55-76) 459267 293 64 (55-73) 501426 269 54 (47-60) 

65-74 47481 354 746 (636-855) 52125 459 881 (764-997) 48633 303 623 (553-693) 

75-84 22209 488 2197 (1922-2473) 30303 579 1911 (1709-2113) 34332 568 1654 (1518-1791) 

85+ 5577 174 3120 (2464-3776) 8253 241 2920 (2477-3364) 11790 345 2926 (2617-3235) 

Total 497469 1292 260 (240-280) 549948 1572 286 (267-305) 596181 1485 249 (236-262) 

Māori             

15-64 52179 46 88 (52-124) 63762 58 91 (63-119) 77742 60 77 (58-97) 

65-74 1266 10 790 (98-1482) 1344 8 595 (183-1008) 2292 24 1047 (628-1466) 

75-84 336 6 1786 (-235-3806) 429 14 3263 (1554-4973) 654 15 2294 (1133-3454) 

85+ 51 0 0 (0-0) 72 2 2778 (-1072-6628) 144 5 3472 (429-6516) 

Total 53832 62 115 (75-156) 65607 82 125 (94-156) 80832 104 129 (104-153) 
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  1981-1982 1991-1992 2002-2003 
Age group N n Rate (95% CI) N n Rate (95% CI) N n Rate (95% CI) 
Pacific             

15-64 33672 22 65 (27-104) 64506 65 101 (74-127) 89724 88 98 (78-119) 

65-74 741 10 1350 (167-2532) 2025 33 1630 (899-2360) 3840 67 1745 (1327-2163) 

75-84 213 0 0 (0-0) 597 13 2178 (536-3819) 1392 39 2802 (1922-3681) 

85+ 33 0 0 (0-0) 108 2 1852 (-715-4418) 246 8 3252 (999-5506) 

Total 34659 32 92 (47-138) 67236 113 168 (131-205) 95202 202 212 (183-241) 

Asian & Other             

15-64 10059 6 60 (-8-127) 37293 17 46 (17-74) 119214 64 54 (41-67) 

65-74 324 6 1852 (-244-3947) 894 12 1342 (268-2416) 4689 55 1173 (863-1483) 

75-84 207 4 1932 (-746-4611) 372 5 1344 (166-2522) 1437 34 2366 (1571-3161) 

85+ 30 4 13333 (-5146-31812) 108 2 1852 (-715-4418) 327 10 3058 (1163-4954) 

Total 10620 20 188 (72-305) 38667 36 93 (54-132) 125667 163 130 (110-150) 
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