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Preface 

This thesis was inspired by a UK simulation study which concluded that everyone in the UK should 

take cardiovascular disease (CVD) preventive medications from age 55 years. The authors compared 

screening strategies that determined eligibility for preventive medications based on age-alone or on 

predicted CVD risk. They reported that age-alone screening was simpler and more cost-effective. 

Their conclusion was highly controversial as guidelines increasingly recommend more personalised 

CVD risk screening using multivariable prediction equations. 

The goal of this thesis was to undertake a New Zealand (NZ) version of the UK study, accounting for 

NZ-specific factors, and addressing a number of methodological issues and assumptions. This 

involved: (i) creating a synthetic NZ population based on the 2013 NZ population of 2,451,278  

individuals 30-84 years, each with a CVD risk factor profile, which replaced the hypothetical UK 

study population; (ii) replacing the Framingham Study CVD risk prediction equation used in the UK 

study (and previously in NZ) with a newly developed NZ equation; and (iii) undertaking simulations 

to compare benefits, harms and cost-effectiveness of screening strategies based on age-alone versus 

predicted CVD risk. The candidate’s simulations used NZ screening and medication costs, accounted 

for medication adverse effects, disutility and adherence not considered in the UK study, and used cost 

per quality adjusted life year gained instead of the UK study’s cost per CVD-free life year outcome 

measure.   

Comparing the NZ population’s CVD risk profile based on the Framingham and NZ risk equations 

demonstrated that the population eligible for preventive medications would fall by 80% using the NZ 

equations unless treatment thresholds were also lowered. Based on these findings, the Ministry of 

Health has now recommended lowering the treatment threshold. 

The thesis simulations broadly supported the UK study conclusions, if it was assumed that the 

screening strategy would not affect medication adherence. However, when adherence using the age-

alone strategy was reduced by 5%, any potential benefits of this strategy were lost. As adherence is 

likely to be better when drugs are prescribed by GPs after comprehensive risk assessments and 

discussion, the candidate’s findings call into question the UK study conclusions. 
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Section A: Introduction  

Chapter 1. Introduction 

The components of the thesis 

The thesis has been sub-divided into four sections. This section (A) provides a brief introduction to 

the background of the study, a short history of CVD risk prediction and an overview of the key CVD 

risk equations available internationally. The next two sections (B and C) comprise the bulk of the 

thesis, including a literature review and the study methodology and findings, and then the final section 

(D) describes the strength and limitations of the current work, some current and future work streams 

and a broad conclusion to the thesis.  

Inspiration and direction 

This thesis was inspired by a simulation study undertaken by Professors Sir Nicholas Wald, Mark 

Simmonds and Joan Morris (hereafter generally referred to as the Wald analyses, study, paper or 

similar) which led them to  propose that everyone in the UK should take a polypill, containing statins 

and blood pressure lowering drugs, starting from the age of 55 years, to reduce their risk of 

cardiovascular disease (CVD) (1). This statement was then, and remains (2, 3) controversial as it 

argued for a very simplified approach to CVD risk assessment based only on age, when the general 

trend in CVD risk assessment is towards a more personalised approach using increasingly 

sophisticated multivariable risk prediction equations. Indeed the published evidence clearly 

demonstrates that multifactorial equations are superior to the use of single risk factors (such as 

cholesterol or blood pressure) for assessing a person’s CVD risk and informing who should receive 

medicine to reduce CVD risk (4-7), however it is also well documented that age is the best single 

predictor of future CVD events among people without prior CVD (8, 9). 

The proposition from Wald was that the additional effort involved in undertaking multivariable 

equation-based risk assessments did not represent ‘good value’ compared to the relatively similar 

accuracy in an assessment using age alone. If CVD risk can be largely predicted by age alone, they 

argued, why would you bother estimating risk using relatively complicated equations that required an 

individual to have measurement taken by a doctor (e.g. blood pressure) and required the availability of 

specialised laboratory testing facilities (e.g. for serum Low Density Lipoprotein-Cholesterol (LDL-

C))? 

As is common with non-communicable diseases, the exposure to a risk factor rarely has an 

instantaneous impact on an individual’s risk of CVD. Rather the impact is mediated by the time 

period of exposure, such as pack-years smoking or years with high serum cholesterol levels. 

Therefore age acts as a proxy for time exposed to a range of risk factors (3). Furthermore, changes in 

established risk factors, such as blood pressure, are correlated with age over the life course, with the 
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mean systolic blood pressure in the population generally increasing with age (10). This is also set 

against the backdrop of dramatically reduced cost of statins in recent years (11), the availability of 

over the counter statins in the UK (12), the development of cheap polypills for CVD primary 

prevention (13-15), good evidence that statins and blood pressure lowering drugs are generally safe 

with regards to major side effects (16, 17), and reducing risk thresholds for considering treatment (6, 

7). 

Wald reported that the use of a multivariable equation provided better prediction performance than 

using age alone, but only by a moderate margin (1). Furthermore, they undertook a relatively simple 

cost effectiveness analysis which demonstrated that, on a ‘screening and medication cost per CVD-

free life-year’ gained basis, it was more cost-effective to screen based on age alone rather than with a 

multivariable CVD risk prediction equation. This was due to additional screening costs associated 

with the calculation of CVD risk using a multivariable equation. In essence the additional screening 

costs of equation-based risk assessments exceeded the increased cost of medications due to the less 

accurate age-alone risk assessments. 

However, when the candidate critiqued the Wald paper, it became clear that there were features of this 

simulation study that would make the analyses unsuitable for direct translation to the New Zealand 

setting. Factors such as the construction of their study population, based on English data and therefore 

bearing limited resemblance to the current New Zealand population, meant that the generalisation of 

the findings were questionable. In addition, the costs of preventive treatment and screening in the UK 

did not closely resemble the costs in the current New Zealand health system. Finally, the Wald study 

used an old, poorly calibrated multivariable risk prediction equation from the US Framingham Heart 

Study in their simulations, whereas a much better-calibrated equation has recently been developed 

using New Zealand data. 

In addition to the New Zealand-specific factors described above, there were a number of other 

assumptions made by Wald that could have impacted on the validity of their conclusions and needed 

to be tested to determine the degree of influence they had within the study’s simulations. These 

included assumptions such as, complete medication adherence for those indicated for medication and 

an absence of medication-related adverse events impacts. There is good evidence from the literature 

that these assumptions are not reflected in real world scenarios (18-23). The exclusion of these 

variables reflected the relatively simplistic approach explicitly chosen by Wald to compare the impact 

of age-alone versus a multivariable equation-based CVD risk assessment approaches, which, in the 

candidate’s view, oversimplified the conditions under which they were examined. The exclusion of 

these conditions did, however, raise testable questions about their actual importance within the 

simulation and whether their impact would differ depending on the risk assessment approach used for 

screening. For example, what would happen if people were less adherent to medication regimes when 
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risk was determined by age alone and a generic medication bought over the counter, rather than in a 

more personalised approach using a multivariable equation applied by a general practitioner who 

subsequently prescribed specific medications? When would the impact of decreasing adherence 

outweigh any benefits from using a cheap age-based risk assessment? These were some of the 

questions the candidate addresses in this thesis.  

Finally, the choice of endpoint ‘screening and medication cost per CVD-free life-year’ only captured 

a subset of the key outcomes. Wald included only ‘screening and medication costs’ in the analysis 

which does not fully take account of some of the major costs of CVD, in particular, the additional 

burden on the health services incurred by individuals following their initial event. In addition, Wald 

used ‘CVD-free life years’ as the main measure of benefit rather than a quality of life years (QALYs) 

measure, that would allow for the inclusion of adverse events of the different approaches to risk 

assessment. 

In this thesis the candidate investigated the applicability of Wald’s findings in the New Zealand 

setting. Aspects of the candidate’s findings have already been used to inform health policy decisions 

in New Zealand, but also more generally, the analyses illustrate some of the research made possible 

by the exceptional big health data resources that are now available in New Zealand. These ‘whole of 

population’ data provide the opportunity to explore policy issues at the national level that would 

otherwise either not be able to be done, or would have margins of uncertainty that would make 

drawing meaningful conclusions very difficult. An example of another application of the ‘whole of 

population’ data used in the current thesis can be found in appendix 1. This involved using 25 years of 

mortality records to determine if reports of increased CVD mortality in the Northern hemisphere 

winter during the Christmas holidays could be observed in New Zealand during the same Christmas 

holiday period, albeit the Southern hemisphere summer. This resulted in the confirmation of the 

‘Christmas effect’ that was independent of seasonality.  

As stated above, the overall goal of the thesis research was to undertake a New Zealand version of the 

Wald study, accounting for the range of New Zealand-specific factors and general methodological 

issues identified by the candidate. In summary this involved: (i) creating a synthetic New Zealand 

population based on the 2013 New Zealand population of 2,451,278  individuals aged 30 to 84 years 

each with a CVD risk factor profile using data derived from multiple sources; (ii) applying both the 

Framingham Study equation and a recently developed NZ CVD risk prediction equation to estimate 

the CVD risk of each synthetic person in the population; and (iii) undertaking a series of simulations 

to compare an assessment/management approach based on an age-alone approach and an approach 

based on a modern, multivariable predicted risk, while also considering medication adherence and 

quality of life. 
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A brief background on CVD risk screening 

Biological risk factors have a long history of being used to diagnose, and to broadly predict, disease, 

including CVD, in individuals. Blood pressure has been used since at least 2600 BCE as a sign of ill 

health and as a reason for initiating treatment (24). Advances in the diagnosis and treatment of CVD 

were very limited prior to the description of the circulatory system in 1628 by William Harvey (25). 

Following Harvey’s contribution, William Withering published details of the use of digitalis extract, 

from the plant Foxglove in 1785, which he used to treat oedema (referred to as ‘dropsy’ at the time) a 

common symptom of heart failure (24). While the medicinal use of this herb was not novel, Foxglove 

had been used by apothecaries as a treatment previously, Withering published the first detailed 

examination of the impact of the medication and developed a standardised preparation and an accurate 

dosage regimen (26). While Withering indicated that digitalis “…has a power over the motion of the 

heart, to a degree yet unobserved in any medicine, and that this power may be converted to salutary 

ends” (27) he considered the primary action to be as a diuretic. John Ferrier, in 1799, fully described 

the impact of the digitalis on the heart (26). 

Despite these advances, prior to 20th century medical knowledge relating to CVD was primarily 

focused on managing existing disease. The discovery of two key risk factors in the development of 

CVD, raised blood pressure and raised serum cholesterol, allowed for the management of CVD risk, 

rather than simply treatment of existing disease. 

The first modern CVD risk screening tools can, arguably, be traced to the work of Janeway in 1913 

who reported on the association between high blood pressure and premature death (28), and in the 

process used the term ‘hypertensive vascular disease’ for the first time in the published literature (29). 

These results stimulated the development of effective medications to reduced blood pressure, reducing 

the associated risk of events and premature death. The first class of blood pressure lowering 

medications were diuretics, which were widely available from the 1950’s. Diuretics were followed by 

a series of other key medication classes; such as beta-blockers, calcium channel blockers, angiotensin 

receptor blockers, which were first used in the 1960’s, 1980’s and 1990’s respectively (29).  

The second key risk factor identified in the early 1900’s was serum cholesterol. Cholesterol was 

investigated scientifically throughout the 18th and 19th centuries. As early as 1755 von Haller 

described the association between atheroma and increased coronary heart disease (CHD) (30). In 1816 

Chervreul identified the cholesterol molecule and in 1913 Anitschow reported on the association 

between cholesterol/lipids and atheroma (30).The association between serum cholesterol was 

confirmed and clarified (in particular the role of LDL-C) in the 1950’s and 1960’s through a 

combination of laboratory and epidemiological evidence. Laboratory based ultracentrifuge studies, by 

John Gofman (31, 32), and population based epidemiological evidence directed by Ancel Keys, 

including the well-known ‘seven countries study’ (33) in particular, were influential in building the 
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evidence base. The first medication classes designed to reduce LDL-C, nicotinic acid and fibrates, 

were released for use in the 1950’s. These early medication were largely, but not totally, supplanted 

by the development of statins. Statins, a highly effective class of medications for the reduction of 

serum LDL-C, was first developed in the 1970’s (34) and became widely available from the late 

1980’s (35).  

With many of the key risk factors for CVD identified, and effective methods to reduce the risk of a 

CVD event in place, the next phase in CVD risk screening development began with the Framingham 

Heart Study in 1948 (36). The Framingham Heart Study, a long-term observation study of the 

residents of the small town of Framingham in Massachusetts, was established with the goal of 

studying “the expression of coronary artery disease in a ‘normal’ or unselected population and to 

determine the factors predisposing to the development of the disease through clinical and laboratory 

exam and long term follow-up…” (37). The original cohort consisted of 5,209 residents and the first 

major report  was delivered in 1957. This report echoed and extended the contemporary work of 

Gofman and Keys by confirming the key CVD risk factors, including defining ‘hypertension’ as 

≥160/95 mmHg and the role of smoking (38). 

The Framingham Heart Study then used long-term follow-up data to develop equations to calculate 

the CVD risk of an individual. This resulted in the development of the first multivariate risk 

calculation in 1967 by Truett, Cornfield, and Kannel (39). This risk equation represented a major 

departure from previous methods of risk assessment as they integrated a number of risk factors rather 

than considering each risk factor separately. The Framingham equation could be used to calculate an 

overall or ‘absolute’ risk of an event occurring within a time period. In contrast the single risk factor 

approach, based in the work of Janeway, Goffman and Keys, provided far less predictive accuracy, in 

view of the now established multifactorial nature of CVD. 

The work of the Framingham Heart Study progressed on to publish what has been the most widely 

used family of modern risk equations, the Framingham Risk Score equations (40). One of the first was 

published in 1991 and allowed clinicians to calculate the event rates for range of CVD related 

endpoints over different time periods (41). The 1991 equation was followed up in 2008 by a new 

equation which used a dataset with a longer follow-up time and included additional predictive 

variables (42). Additional information on the Framingham equation and other major CVD risk 

equations can be found in the “Overview of selected CVD risk screening equations” section below. 

In summary, the history of CVD risk screening can be divided broadly into four periods. First phase: 

prior to the 20th century, when there was basic knowledge of heart disease but very limited knowledge 

of the risk factors associated with the disease and even more limited interventions that could 

effectively modify the risk factors. Second phase: early to mid-20th century, when experimental and 

epidemiological research established evidence of the association between key risk factors, in 
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particular blood pressure and serum lipid level, and the risk of disease. The ability to act on this 

knowledge to reduce risk was still constrained (but not absent, for example the benefits of a salt 

restricted diet on blood pressure was established by 1904 (43)) and this phase is characterised by the 

ability to identify individual at high risk but an inability to effectively intervene to reduce risk with 

medication. Third phase: mid-20th century to 1990s,  when the development of effective medication to 

modify both blood pressure and cholesterol ushered in the era of CVD preventative medication. 

Fourth phase: from 1990s, when the introduction of multivariate risk equations enabled an assessment 

of a person’s risk across a range of key risk factors. 

Advantages of a multifactorial risk equation compared to single risk factors assessment 

It is now broadly accepted that the use of a multifactorial equation is preferred to the use of single risk 

factors for the assessment of risk (4).  There are two primary reasons that make any single risk factors 

for the assessment for CVD risk inferior to a multivariate risk assessment method; firstly, CVD is a 

multifactorial disease and secondly, lack of a natural threshold in risk associated with the major, 

continuous, risk factors. 

The multifactorial nature of CVD risk 

It is now recognised that for the majority of CVD cases there are a range of contributing factors. The 

impact of the additive effect of a grouping of risk factors was undertaken by Jackson and colleagues 

(4) and is an instructive demonstration on the issue with the use of a single risk factor for the 

determination of an individuals risk. In their paper (4) they calculated the risk of a reference 

individual (non-diabetic, non-smoker female aged 50 years with total cholesterol of 4·0 mmol/L and 

HDL of 1·6 mmol/L), at a range of systolic blood pressure levels (110, 120, 130, 140, 150, 160, 170, 

and 180mm/Hg). This is demonstrated in figure 1.1 - a person with a high systolic blood pressure 

(180mm/Hg) but otherwise low risk characteristics of the reference individual, marked with the *, has 

a 5 year risk of approximately 4%. By contrast a person with a low systolic blood pressure 

(110mm/Hg) combined with a range of risk factors that predispose to CVD (diabetic, smoker male, 

aged 60 years with total cholesterol of 7·0 mmol/L and HDL of 1·0 mmol/L) has a 5 year calculated 

risk of approximately 22.5% (marked with the #). 
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Figure 1.1. Absolute risk of cardiovascular disease over 5 years in patients by systolic blood pressure 

at specified levels of other risk factors (4) 

If an assessment was undertaken on the basis of systolic blood pressure alone, it would result in the 

person at low overall risk (≈4%) being given a higher priority for CVD primary prevention to reduce 

risk than the individual at high risk of CVD (≈22.5%).  

In less extreme circumstance the use of single risk factors can still lead to low quality information on 

which to make clinical decisions about candidate for primary prevention intervention to reduce CVD 

risk. In figure 1.2, when looking at two individuals with identical systolic blood pressures (140 m/Hg) 

but with the same ‘low’ (marked with the *) and ‘high’ (marked with the #) risk from the prior 

example it is clear that there is substantial, approximately a 30%, absolute difference in assessed risk 

between the individuals. When using the single risk factor of systolic blood pressure to determine risk, 

these two individual would be indistinguishable, but using a multivariate equation will identify their 

very different risks. 

# 

* 
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Figure 2: Absolute risk of cardiovascular disease over 5 years in patients by systolic blood pressure at 

specified levels of other risk factors (4) 

Thresholds in continuous risk prediction variables 

When undertaking risk reduction interventions, such as the use of medication to reduce CVD risk, 

there is a requirement to identify the appropriate individuals to include in the intervention group. The 

issues with the use a threshold to characterise an individual as ‘at risk’ vs ‘not at risk’ based on a 

single risk factors can be illustrated by examining the relationship between blood pressure and CVD 

risk. Blood pressure is a continuous variable with a normal (Gaussian) population distribution with a 

right skew (see figure 1.3). Blood pressure however is commonly represented in relation to a 

definition of hypertension that creating the dichotomous categories of normal (normotensive) and 

abnormal (hypertensive). 

* 

# 
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Figure 1.3. The distribution of systolic blood pressure in a population sample plotted along-side the 

rate of stroke mortality at a given systolic blood pressure from the Whitehall Study data (44). 

But this dichotomous classification disguises the fact that there is a continuous relationship between 

increasing blood pressure and increasing CVD risk. In figure 1.3, the risk of stroke is plotted (points 

and line) over a histogram of the study population’s blood pressure distribution. (44). The risk of 

stroke monotonically increases with increasing systolic blood pressure, however there is no clear ‘step 

change’ at which a person is clearly at higher risk than an individual at marginally lower, but similar 

blood pressure. In the absence of a clear delineation, the choice of threshold for ‘at risk’ vs ‘not at 

risk’ will be largely arbitrary. 

The difficulties with creating a meaningful threshold in systolic blood pressure levels are reflected in 

the range of thresholds (table 1.1) for the normotensive / hypertensive boundary that have been used 

or suggested within the literature. 

Systolic/diastolic blood pressure (mmHg) Source 

120/80 Robinson, Brucer 1939 (45) 

130/70 Browne, 1947 (46) 

140/80 Ayman, 1934 (47) 

140/90 Perera, 1948 (48) 

150/90 Thomas, 1952 (49) 

160/95 Framingham Study, 1957 (50) 

160/100 Bechgaard, 1946 (51) 
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180/100 Burgess, 1948 (52) 

210/110 Caird, 1963 (53) 

Systolic blood pressure of 100 + age Masters, Laser and Jaffe, (1958) (54) 

Table 1.1. Select examples of blood pressures (systolic/diastolic) used to classify individuals 

as ‘Normotensive’ or ‘Hypertensive’, adapted and extended from Pickering (28). 

Overview of selected CVD risk prediction equations 

A recent systematic review identified 363 different CVD risk prediction models, however the vast 

majority were not externally validated and/or were based on very limited datasets (40). Due to the 

large number of potential models, and the fact that a full review of CVD risk assessment tools falls 

outside of the scope of this thesis, five major families of risk screening tools and equations have been 

selected and briefly reviewed. The selected models (or families of models) are; the US Framingham 

risk equations, the European Systematic Coronary Risk Evaluation, the UK QRISK, the ACC/AHA 

Pooled Cohort Equations and the New Zealand PREDICT risk equations. These have been described 

in chronological order, based on date of first development. They were selected on the basis of the 

magnitude of their impact both globally, and within the New Zealand context. 

Framingham risk equations 

The initial Framingham equations were, as mentioned above, developed in 1967 (39), however the 

impact of this equation was limited. The first set of Framingham equations that were widely used 

were a series of Framingham equations developed by Anderson and colleagues and published in 1991 

(41). Unlike the majority of modern equations,  Anderson et al developed equations for a number of 

separate, and overlapping, endpoints. These were; CHD,  myocardial infarction,  CHD death, Stroke, 

CVD and CVD death (41). A modified version of the Anderson CVD equation, often referred to as 

the New Zealand Framingham equation, was the recommended method for assessing CVD risk in 

New Zealand between 1992 and 2018 (55). The modifications involved an adjustment to the 

calculated risk for ethnicity, diabetes complications and extreme BP or lipid measurements. In 2008 a 

second set of equations was derived from the Framingham Heart study data. This equation was 

substantially different to the earlier 1991 Framingham equation in that; it had a single endpoint 

(‘General CVD’), used a Cox model (rather than the Weibull used in 1991), included more 

participants (5,573 vs 8,491) with longer follow up time and included additional variables in the 

equation (42). The 2008 equation was broadly used, including becoming the recommend equation for 

use in the English National Health Service (NHS) before being superseded by the QRISK family of 

equations (7). 

Systematic Coronary Risk Evaluation (SCORE) equations 

The SCORE model was released in 2003 and was developed on the based the pooled data from 12 

European cohorts with a total population of 205,178 individuals without pre-existing atherosclerotic 
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diseases. The model included a range of established risk factors, including age, gender, blood pressure 

and total cholesterol (but not HDL cholesterol) levels. SCORE included separate equations for ‘high’ 

and ‘low’ risk regions. In addition SCORE equations do not include diabetes as a risk factor and the 

investigators provided a note that “SCORE risk charts may, however, be used for a rough assessment 

of cardiovascular risk in diabetic persons … every risk factor combination the risk will be at least 

twice as high in diabetic men and up to four times higher in diabetic women compared with that given 

by the charts”. Another important shortcoming of SCORE equations is that they only predict risk of 

fatal cardiovascular disease events (56) which only account for approximately 10% of major CVD 

events (57). 

QRISK equations 

The QRISK investigators have developed a family of equations that have been updated and improved 

over time. Initially based on routinely collected data from 1.28 million English individuals (the 

QRESEARCH database), the first equations (QRISK) were published in 2007 (8). A notable inclusion 

in the QRISK equation was a measure of material deprivation in the form of the Townsend 

deprivation index (58). This was updated in 2008 to QRISK2 which increased the number of variables 

included in equation (including an explicit ‘ethnicity’ variable for the first time in the QRISK family) 

(59). In 2014 the QRISK2 equation was included in the National Institute for Health and Care 

Excellence guidelines on lipid management replacing the Framingham equation as recommended tool 

(60). QRISK3 was released in 2017 and was based on the routinely collected data of 7.89 million 

unique individuals. This is the current version of the QRISK equations, and as with the update for 

QRISK2, added a number of variables, bringing the total number to 22 variables. The QRISK 

equations predict 10-year risk of a fatal or non-fatal cardiovascular disease event in individuals 

without pre-existing cardiovascular disease (61). 

ACC/AHA Pooled Cohort Risk Assessment Equations 

The ACC/AHA equations were published in 2013 to coincide with the 2013 ACC/AHA Guideline on 

the Treatment of Blood Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults (62). 

The ACC/AHA equations used the pooled data from “modern NHLBI-sponsored cohort studies, 

including the ARIC (Atherosclerosis Risk in Communities) study, the Cardiovascular Health Study, 

and the CARDIA (Coronary Artery Risk Development in Young Adults) study, combined with 

applicable data from the Framingham Original and Offspring Study cohorts” (63). The sex-specific 

equations include 12 variable including age, ethnicity, blood pressure and lipid levels as well as 

information on current medication with statins, antihypertensives and aspirin. The ACC/AHA 

equations predict 10-year risk of fatal and non-fatal cardiovascular disease events in individuals 

without pre-existing atherosclerotic cardiovascular disease (62, 63).  
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PREDICT equations 

The New Zealand PREDICT equations were published in 2018 and were derived using CVD risk 

factor data extracted from a primary care CVD risk prediction and risk management decision support 

system, which was prospectively designed to simultaneously provide New Zealand GPs with clinical 

decision support and collect research-quality data for deriving CVD risk prediction equations.  The 

published equations were based on a primary care cohort of 401,752 people aged 30–74 years. The 

PREDICT equations predict 5-year risk of fatal and non-fatal cardiovascular disease events in 

individuals without pre-existing prior cardiovascular disease, renal disease, and congestive heart 

failure (57). These equations were much better calibrated to the New Zealand population than the 

existing modified Framingham equation (see Chapter 3, Supplement 1) resulting in a dramatic 

downward shift in the assessed risk of the New Zealand population (see Chapter 4). The PREDICT 

equations have been included in 2018 updated NZ  ‘Cardiovascular Disease Risk Assessment and 

Management for Primary Care’ guidelines as the recommend risk assessment tool (64), replacing the 

previously recommended modified New Zealand Framingham equation (55). 

 

A brief overview of Sections B to D is provided below.  

Section B: Synthetic Population and CVD Risk Equation Development  

Chapter 2. Developing a synthetic national population to investigate the impact of different 

cardiovascular disease risk management strategies: a derivation and validation study  

At the time the candidate started this thesis, there was very little national level information on the 

CVD risk profile of the New Zealand population. The most recently published nationally 

representative information at this early stage of the thesis related to information collected in 1993 and, 

due to the small sample size and limited variables included, it was not able to be used to describe the 

risk profile of the New Zealand population to the level of granularity required for the proposed 

simulation analyses (65). Therefore, the candidate decided to create a synthetic total adult New 

Zealand population based on a wide range of different data sources including census data, national 

hospitalisation and drug dispensing databases, as well as the published research, in order to represent 

the New Zealand population in a much more robust and fine-grained manner. This exercise produced 

a wide range of outputs that have been used as the basis of all the main thesis analyses. It has also 

been used in other external research (66, 67), as well as to inform MoH policy on CVD risk 

assessment and management. A modified and reduced version of the Chapter has also been published 

as a research paper (68). 
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Chapter 3. A contemporary New Zealand population CVD risk profile derived from a synthetic national 

population 

Using the synthetic population, described in Chapter 2, the candidate was able to estimate the CVD 

risk profile of every ‘synthetic’ adult New Zealander using a 5-year CVD risk prediction equation 

recently developed in New Zealand that will be referred to as the ‘Modern New Zealand Risk 

Equation’ (MNZRE). This provided an up-to-date estimation of the population level CVD risk, that 

could also be finely stratified by gender, age and ethnicity. As mentioned above, this information has 

already been used in the MoH’s new 2018 consensus statement on CVD risk assessment and 

management to inform treatment thresholds (69). An updated version of this equation was published 

(57) when this thesis was almost completed and so was not able to be used in the analyses. 

Chapter 4. Updated cardiovascular disease risk prediction scores would reduce the treatment eligible 

population by up to 80%: a simulation study of New Zealanders aged 30-74 years. 

The goal of the research described in this Chapter was to anticipate the impact of the introduction of 

the new MNZRE discussed above. To do this, both the existing Framingham-based New Zealand 

CVD risk equation and the MNZRE were applied to the synthetic population described in Chapter 2. 

It had been established in the development phase of the MNZRE that the existing Framingham-based 

equation substantially overestimated CVD risk. This poor calibration meant that the same individuals 

would be assessed at quite different levels of risk using the two equations and it became clear that this 

could lead to relatively major changes in medication eligibility across the population if treatment 

thresholds were not also changed. The magnitude of these changes, however, would have been very 

difficult to estimate without the synthetic population developed by the candidate. The use of the 

synthetic population allowed for a detailed and up-to-date assessment of the number of medication-

eligible individuals who would be identified using the two equations at the pre-2018 recommended 

treatment threshold (a 10% 5-year risk). In addition, the candidate was able to model the impact of a 

new lower threshold (5% 5-year risk) that was being considered for introduction in the 2018 national 

recommendations. These analyses demonstrated that a simple substitution of the equations, without 

changing the 10% 5-year CVD risk treatment threshold, would lead to the medication-eligible 

population decreasing by approximately 80%. In contrast, if a new 5% 5-year risk threshold was 

introduced and the existing Framingham-based equation was retained there would be a dramatic 

increase in the medication-eligible population. However, if both the MNZRE and a new 5% threshold 

were introduced simultaneously, the medication-eligible population would change only modestly. 

Section C: Simulation and CVD Risk Analysis 

Chapter 5. Simulation introduction and setup 

This Chapter describes the development of the longitudinal simulation programme the candidate used 

to extend the analysis from the cross-sectional analyses described in Chapters 3 and 4 and to address 
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the conclusions of study by Wald. It covers the simulation theory that the candidate reviewed to 

decide on a micro rather than a macro simulation approach and the Monte Carlo methods and Markov 

models used. This is followed by a description of the simulation phases as well as the data validation 

and collection phases undertaken at the start and finish of the simulation. Finally, the data associated 

with the base case for the simulation under New Zealand conditions are presented. 

Chapter 6. Simulation of potential policy options 

This Chapter describes an extended replication of the Wald study. It includes an examination of the 

diagnostic implications of using different approaches to assessing risk (age-alone, and MNZRE-

based) over two screening time frames (annually and every 5 years). This involved the use of receiver 

operating characteristics curves to make a comparative assessment of screening performance.  

Then a range of new variables not included in the Wald analysis (or assumed to be a value that is 

unrealistic) were tested for their impact. A new endpoint (i.e. total cost per quality adjusted life year) 

was also introduced and was assessed alongside the endpoint (i.e. screening and medication cost per 

CVD free life year) used by Wald. The results indicated that the analysis was sensitive to several of 

the variables introduced, (in particular medication adherence rates and cost of CVD) but was only 

minimally impacted by others tested (including medication disutility and medication adverse events). 

Section D: Discussion and Conclusions 

Chapter 7. Summary of main findings, strengths and limitations and conclusions. 

In this Chapter the strengths and limitations associated with the analysis are outlined and the overall 

conclusions drawn from the research are presented. There were a number of limitations to the 

analyses undertaken that the candidate identified in the process of learning how to develop a synthetic 

population and undertake simulation analyses. These are discussed with regard to how they are likely 

to impact on the findings, how they could be eliminated or ameliorated using modified approaches, 

and how they could inform future research. 
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Section B: Synthetic population development and exploration 

Foreword 

This section comprises three studies:  

 Chapter 2: developing a synthetic national population to investigate the impact of 

different cardiovascular disease risk management strategies: a derivation and 

validation study;  

 Chapter 3: developing a New Zealand CVD risk profile by applying a modern New 

Zealand derived CVD risk factor equation to the synthetic national population;  

 Chapter 4: Investigating the impact that old (Framingham-derived) and modern (New 

Zealand-derived) cardiovascular disease risk prediction equations would have on the 

treatment eligible population. 

These analyses precede the main simulation section (section C) and are the first steps required for the 

simulations. The main goal of the thesis was to undertake micro-simulations of different CVD risk 

assessment and management policy options (Chapters 5 and 6) however micro-simulation techniques 

require detailed individual patient data. While a substantial amount of health-related data is being 

recorded on individuals in New Zealand much of it is not currently available in routinely, centrally 

linked, datasets. Data sources for health related information can be broadly divided into; survey data, 

and routinely collected data. 

Survey data sources largely include studies undertaken, or funded, by the MoH (examples include 

Human Nutrition (10), Tobacco Use (70) and Population Health surveys (71)) and Statistics New 

Zealand (most notably the national Census data (72)). Each individual survey contains a selection of 

variables, determined by the goal of the work, however, to the authors knowledge, no single survey 

conducted in New Zealand, includes all the necessary variables required to calculate CVD risk.  

Routinely collected health data is a product of recorded individuals interactions with the health 

service. Due to the non-sampled nature of the collection process, there is no expectation that the data 

collected will be directly reflective of the general population. As the point of recording for routinely 

collected data is when people interact with the health services, a higher risk population who make 

frequent use of health services will be over represented. 

As a result, there was no single source of data that has sufficient data on all, or even most New 

Zealanders to describe their joint CVD risk factor distributions. Given this lack of sufficiently 

granular CVD risk factor base data representing the New Zealand population, the candidate 

determined that he would need to develop a synthetic national population to undertake the simulation. 

A synthetic population is a statistically created population consisting of generated data that closely 
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resembles the real population, based on one or more sources of ‘real world’ data. The method, in 

short, takes a series of ‘best available’ data sources representing one or more of the variables of 

interest and combines them using common variables to develop a ‘composite’ population. As this 

synthetic population was purpose-built to be used in the planned simulation, the variables that were 

included in the population were determined by the simulation.  

While this is the first CVD-related synthetic population developed in New Zealand, there have been at 

least two developed for the English population (1, 73) as well as others for the American (74) and 

Canadian (75) populations. These synthetic populations remain reasonably uncommon due to the 

volume of base data required to undertake the exercise and the relatively complexity of their 

development and validation. 

The defining features of the synthetic population the candidate developed for this research, were 

determined by the requirements of two CVD risk prediction equations designed for use in New 

Zealand. These two equations were the pre-2018 recommended equation, which was a modified 

Framingham Heart Study equation, as specified in New Zealand guidelines (55, 69, 76) and a recently 

developed modern New Zealand risk equation (MNZRE) (see Chapter 4, supplement 1 for details of 

the equation) was  developed by the research group that the candidate is attached to in the Section of 

Epidemiology and Biostatistics at the University of Auckland. The MNZRE applied here was an 

advanced version of a series of models designed to replace the existing national equation. There were 

strong indications that the existing modified Framingham equation was poorly calibrated for a 

contemporary New Zealand population (Chapter 4, supplement 1); a result that has been echoed in 

international studies (77-79). This lack of calibration is possibly not surprising when considering that 

it was based on data collected over 40 years ago from individuals living in a small town in the US (42, 

80) at a time when CVD risk was much higher. 

A synthetic population can be somewhat of a ‘black box’ to anyone who has not been directly 

involved with its development. Therefore, early in the process it was decided to undertake a full 

internal and external validation of the population. This process is reported in Chapter 2, which 

describes the development, the data sources and the validation of the derived synthetic population. 

This phase was critical as all subsequent analyses developed from the synthetic population, including 

population risk distributions and simulations, were dependent on this population for their validity.  

Once a synthetic population has been developed and validated, there are multiple applications. As 

discussed previously, the main purpose of developing the synthetic data was to compensate for a lack 

of complete national level CVD risk data, and following its development, the candidate was able to 

develop national level CVD risk stratification tables (Chapter 3) which allowed for a detailed view of 

the CVD risk profile of the New Zealand population. The synthetic population has also been used in 

other published work (67) and, as mentioned above, for informing MoH policy (personal 
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communication). In Chapter 4 the synthetic population was used to assess the likely impact on the 

medication-eligible population of changes to the prediction equations and drug treatment thresholds.  
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Chapter 2. Developing a synthetic national population to investigate 

the impact of different cardiovascular disease risk management 

strategies: a derivation and validation study 

Abstract 

Background 

Many national cardiovascular disease (CVD) risk factor management guidelines now recommend that 

drug treatment decisions should be informed primarily by patients’ multi-variable predicted risk of 

CVD, rather than on the basis of single risk factor thresholds. To investigate the potential impact of 

treatment guidelines based on CVD risk thresholds at a national level requires individual level data 

representing the multi-variable CVD risk factor profiles for a country’s total adult population. As 

these data are seldom, if ever, available, we aimed to create a synthetic population, representing the 

joint CVD risk factor distributions of the adult New Zealand population. 

Methods and Results 

 A synthetic population of 2,451,278 individuals, representing the actual age, gender, ethnicity and 

social deprivation composition of people aged 30-84 years who completed the 2013 New Zealand 

census, was generated using Monte Carlo sampling. Each ‘synthetic’ person was then probabilistically 

assigned values of the remaining cardiovascular disease (CVD) risk factors required for predicting 

their CVD risk, based on data from the national census, national hospitalisation and drug dispensing 

databases, and a large regional cohort study, using Monte Carlo sampling and multiple imputation. 

Where possible, the synthetic population CVD risk distributions for each non-demographic risk factor 

were validated against independent New Zealand data sources. 

Conclusions 

We were able to develop a synthetic national population with realistic multi-variable CVD risk 

characteristics. The construction of this population is the first step in the development of a micro-

simulation model intended to investigate the likely impact of a range of national CVD risk 

management strategies that will inform CVD risk management guideline updates in New Zealand and 

elsewhere.  



19 

 

Introduction 

While not currently widely established in the health field, the use of microsimulation is growing (73, 

81, 82) and the technique has been in use in other areas of analysis and research for a number of 

decades (83). Common in fields such as economics (84), policy analysis (85)  and engineering (86); 

simulation is often used where the ability to experimentally test an idea is not feasible due to cost, 

time constraints or ethical/legal considerations. A key distinction of microsimulation is that within the 

model, each ‘elemental decision making unit’, as Orcutt put it (83), is indivisible; typically in health 

this unit is a person. This contrasts with other forms of simulation where cohorts of individuals; with a 

shared set of characteristics (determined by the goal of the simulation), typically representing average 

values of the population of interest, are simulated. As microsimulations are done on an individual 

basis, each synthetic ‘person’ has a set of characteristics assigned to them individually which allows 

for the greater capture of the heterogeneity of population characteristics, something not possible with 

a cohort, which is important in the assessment of many healthcare interventions. 

The requirement for individual level data however can be a barrier to undertaking a microsimulation 

analysis. The scope and quality of individual level data available can be limited, particularly where 

the simulation is on a national or regional scale, as large amounts of detailed information on a broad 

cross-section of the population is required. When the microsimulation involves a health application, 

the likelihood of privacy issues arising is high; creating issues with access to key data and further 

problems with the wider dissemination of this data among analysts and researchers for collaboration 

and replication of results. To overcome the hurdles of the high data requirements and the privacy 

implications of individual level data, a synthetic population, consisting of generated data that closely 

resembles the real population, can be developed to be used within the microsimulation.  

Where all the required characteristics are represented in a single aggregated source, a synthetic 

population can be developed from a single data repository data (87, 88), often census data. When 

there is no single source which has data on all the required characteristics, a synthetic population can 

be developed from a number of data sources (89, 90). The advantage of combining information from 

multiple sources is that each individual repository can contain high quality data about one or more of 

the variables required in the population to be simulated without a requirement for it to be directly 

linked to all other repositories.  This method of combining data, when undertaken carefully, can allow 

for a more complete dataset to be developed than is available in any single existing data source and is 

particularly appropriate for population studies of cardiovascular disease (CVD) as the condition has a 

complicated aetiology stemming from multiple risk factors (63). To maintain the appropriate 

correlations between datasets there must be variables in common between the datasets. This allows for 

the appropriate combining of the separate information sources. The correlation between the datasets 

will only be maintained on the basis of the variables in common between datasets (e.g. age, gender, 

ethnicity and disease status), so maximising the ‘overlap’ of variables between datasets is beneficial. 
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For the preventive management of CVD, there is now broad consensus among researchers and policy 

makers that the optimal clinical strategy should be based primarily on a person’s multi-variable 

predicted absolute CVD risk rather than on the basis of individual risk factor levels (4, 5, 63). There is 

however less agreement on the most appropriate method of predicting CVD risk or the thresholds at 

which treatment should be initiated. This study was inspired by a UK project that used 

microsimulation to compare two CVD risk management strategies; a multi-variable risk-based 

strategy and one based simply on treating all people above specified age thresholds. The number of 

people in the United Kingdom (UK) who would meet treatment criteria and the number of CVD 

events likely to be prevented through treatment was estimated for the two strategies (1). The 

investigators developed a multi-variable synthetic population based on UK health survey data and 

used micro-simulation methods to estimate treatment effects. In contrast to the general trend of 

national policies, which focus on absolute risk (7, 63, 76, 91), the authors concluded that an age-alone 

strategy for determining treatment assignment was similar in terms of predictive accuracy and was 

superior on a cost-effectiveness basis compared to a multi-variable strategy. We planned to replicate 

and extend the UK study in a New Zealand setting, to inform the development of new national CVD 

risk management guidelines (55, 92). 

There were two primary reasons for the development of a new population rather than using the work 

from the existing study. Firstly, the maintenance of the relationships between variables is key in 

multivariate equations. If there is a clustering of risk factors, the estimates from a population where 

the variables are developed via independent draws, even from appropriate distributions, will not give 

an accurate result. Secondly, to develop locally relevant outcomes, a population reflecting New 

Zealand rather than English demographics was required. 

As the characteristics of the study population are so critical to the outcome of a micro-simulation, the 

development and validation of these population data was considered a critical step in the process. The 

goal of this paper is to describe the development and validation of a synthetic New Zealand 

population. 

Methods 

A synthetic New Zealand (NZ) population aged 30 to 84 years was constructed with each ‘synthetic’ 

person having the complete set of CVD risk factors used in two CVD risk prediction equations; the 

New Zealand Framingham CVD risk equation (76) and a risk equation recently developed by our 

research group.  This was undertaken in three broad steps, first a demographic framework was created 

from census data to ensure the representative nature of key demographics. Secondly, disease and 

medication histories were developed for each individual from linked hospital admission and pharmacy 

dispensing data. Finally, a large cohort of individual level CVD risk assessment data was used to 

develop required biological variables for all individuals created in the prior steps. Methods allowing 
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the retention of correlations between variables while retaining variable heterogeneity were used to 

replicate the true population as accurately as possible. 

The variables required for the CVD risk equations were: age, gender, ethnicity, social deprivation, 

smoking status, diabetes status, personal history of CVD, blood pressure and lipid lowering drug 

treatment, systolic blood pressure (SBP), the total cholesterol to high density lipoprotein cholesterol 

ratio (TC: HDL), and family history of premature CVD. The overall goal was to create a population of 

synthetic individuals representing all 2,451,278 people, aged 30 to 84 years, who completed the 2013 

New Zealand census. 

Within this methods section, the five data sources used in the synthetic population development are 

described. The stages of the synthetic population development are then outlined. Finally, the steps 

used to validate the population are described. 

Data Sources 

Five data sources were used to assign risk factors to the synthetic population,  

i. The usually resident population count from the 2013 national census (72) cross- tabulated 

by age, sex, ethnicity, social deprivation and smoking was obtained from Statistics New 

Zealand. The census data were provided with the age at time of census variable (the only 

continuous variable) aggregated into single year brackets (see supplement 2 for an 

example). Individual level census data (unit file data) is available for the New Zealand 

population however low level aggregated data was preferred as a key goal was to develop 

a freely distributable synthetic population. The use of individual level census data would 

have likely entailed additional restrictions on the basis of privacy considerations. As the 

only continuous variable represented in the census data was age the aggregated nature of 

the data was not considered to diminish the quality of the remaining variables. The 

ethnicity categories were; Māori, Pacific Island, South Asian, Chinese, Other 

Asian, Other Ethnicities and European. For those individuals who self-identified with 

more than one ethnicity in the 2013 census, a single, prioritised ethnicity was generated 

with the prioritisation based on the order listed above. Socioeconomic status was derived 

from the New Zealand Deprivation Index Score (NZDep), which is a measure assigned to 

a person’s area of residence. NZDep is based on nine variables from the census, reflecting 

eight dimensions of relative deprivation of census tracts (93). For these analyses 

individuals were assigned to one of five quintiles (from least deprived = 1, to most 

deprived = 5) of the nationwide distribution of NZDep score. Smoking data was 

categorised as ‘non-smoker’, ‘ex-smoker’ and ‘current smoker’, coded as 0, 1 and 2 

respectively. Due to the Statistics New Zealand confidentiality rules (72) associated with 

the census data, cells containing small counts (less than 6 individuals) were suppressed 
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(coded ‘..C’). To allow for the inclusion of these individuals, realistic values, based on the 

censoring rules and existing data, were developed (see supplement 2 for further details). 

While census data was complete for the age and gender variables, some individuals were 

assigned a ‘not otherwise known’ ethnicity or NZDep status. As everyone in the synthetic 

population required complete data, missing variables were assigned based on the 

proportion of known ethnicities and NZDep in the census population. 

ii. The National Minimum dataset (NMDS) contained individual patient hospitalisation data 

on all NZ public hospital discharges coded according to The International Classification 

of Diseases, version 10 Australian Modification (ICD-10 AM). This dataset was used to 

derive a patient history of prior CVD (supplement 1 lists the ICD codes used). 

Comprehensive national hospitalisation data was available starting from 1993 through to 

the end of 2013, with significant partial data available from 1986. The NMDS only 

includes data on publicly funded discharges from hospital. Despite the exclusion the 

privately funded discharge data the NMDS is largely nationally representative due to the 

limited role of private health insurance in acute hospital care in New Zealand. In the 

2015/16 financial year, representing the most recently available New Zealand statistics,  

96.7% of discharges associated with IHD (ICD-10, I20-I25) were publicly funded (94, 

95). 

iii. The national Virtual Diabetes Register (VDR) (96) is an annually updated database that 

identifies all New Zealanders believed to have been diagnosed with diabetes, based on an 

algorithm that combines national laboratory test reimbursement data (indicating HbA1c 

testing) with diabetes-related dispensing and hospital admission data.  

iv. The national pharmaceutical dispensing database (PHARMS) records all subsidised and 

controlled drugs dispensed by community pharmacies in NZ. All commonly used CVD 

preventive medications in NZ are subsidised so it was possible to derive medication data 

for the two main classes of CVD preventive medication (i.e. lipid lowering and blood 

pressure lowering medications) from this database. Reliable recording of individual 

patient dispensing episodes has increased over the last decade from 64% in 2004, to 92% 

in 2006 to over 96% from 2010 onwards and currently captures virtually all dispensing 

episodes (S. Ross, Ministry of Health, personal communication, 2014).  

v. The PREDICT primary care CVD risk factor dataset (97)  was used to derive the 

remaining CVD risk factors required for the risk prediction models, namely: SBP, 

TC:HDL ratio and family history of premature CVD. This dataset is generated from the 

PREDICT web-based CVD risk assessment and management decision support system 

used by approximately 80% of general practitioners in the Auckland and Northland 

regions of New Zealand (approximately 35-40% of all New Zealand general 

practitioners). A 2013 PREDICT dataset extract contained the baseline CVD assessments 
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of 272,645 people with complete data recorded on age, sex, ethnicity, NZDep, smoking 

status, diabetes, SBP, TC:HDL ratio, prior personal history of CVD and family history of 

premature CVD. The dataset included approximately 50% of all people eligible for risk 

assessment in the region, but was biased towards higher risk population groups (such as 

older age groups, people with diabetes and Māori, Pacific and South Asian ethnic 

groups)(97), so could not be used alone to derive the synthetic population. 

The four non-census data sources listed above (ii-v) all included individually identifiable person-level 

data that are able to be linked using an encrypted version of the National Health Index (NHI) number. 

The NHI is a unique national identifier number attached to records of publicly funded and subsidised 

health service interactions for over 98% of New Zealanders, as well as to demographic data (e.g. date 

of birth, gender, ethnicity and NZDEP). The encrypted nature of the NHI meant that the individual 

level data used in this study would not be able to be further linked to any information coded with an 

unencrypted NHI; helping, along with other safe guards, to maintain the anonymity of the individuals 

in the dataset. New Zealand ethics committees allow secondary re-use of health data without 

individual patient consent where data are not identifiable. Information about the PREDICT study is 

available at all general practice locations, and patients may opt out of having their de-identified data 

being included in the cohort. The PREDICT study was approved by the Northern Region Ethics 

Committee Y in 2003 (AKY/03/12/314) with subsequent annual approval by the National Multi-

region Ethics Committee since 2007 (MEC07/19/EXP). 

Synthetic Population Generation 

In summary; the first step was to construct a synthetic population in which the joint distributions of 

the demographic variables age, sex, ethnicity and SES were exactly matched to the distribution of 

these factors in the 2013 NZ Census (data source [i] above). This first step was largely deterministic, 

with age being the limited exception, based on the fact that there was low measurement uncertainty 

or variability over time for these ‘demographic’ characteristics. 

The second step involved using Monte Carlo sampling and multiple imputation to randomly assign 

the remaining variables: smoking, diabetes, prior CVD, medications, SBP, TC:HDL ratio, and family 

history, conditional on the Census demographic variables. These ‘non-demographic variables’ were 

assigned using a Monte Carlo method based on observed proportions to capture the inherent 

variability of these characteristics. 

Demographic variables 

The initial stage of the development involved setting up a realistic structure for the New Zealand 

population. This was done by moving through the aggregated census data supplied by Statistics New 

Zealand (see example in supplement 2) row-by-row with the goal of creating a representative 
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synthetic population where each individual was represented by a row in the dataset. Each strata or row 

was defined by an age, sex, ethnicity and socioeconomic status (SES) group. The number of 

individuals in the strata was found by summing the smoking statuses to get a total number of 

individuals represented. 

Age was assigned by random draw of X values from a uniform distribution bounded by Y and Y+1 

where Y is the minimum age group and X is the number of individuals in the age/gender/ethnicity 

group. Sex, ethnicity and SES were then deterministically applied per stratum as there was no 

variation. 

Non-demographic variables 

The non-demographic variable distributions in the synthetic were developed as follows: 

i. Smoking was assigned in a Monte Carlo fashion to one of the three potential outcomes (‘current 

smoker’, ‘ex-smoker’ and ‘non-smoker’) according to the observed frequency of smoking categories 

in the 2013 census, conditional on age, sex, ethnicity and NZDep. Despite this data coming from the 

census, a Monte Carlo method was used in preference to creating further strata based on smoking and 

deterministically assigning smoking status.  This was on the basis that self-report of smoking is less 

reliable than the other variables defined by the census data and that smoking was thought to have 

greater variability over time (i.e. it is more likely your smoking status will change than your age, 

gender, ethnicity and SES). 

ii. Diabetes and prior CVD statuses were jointly derived due to their strong association. We first 

linked previous CVD hospitalisations (from data source [ii] above) and the VDR (data source [iii]) via 

the encrypted NHI using a database which also included age, gender and ethnicity which gave a joint 

probability of disease state. A disease status was then probabilistically assigned to each individual 

(CVD only, diabetes only, diabetes and CVD, or neither) using Monte Carlo sampling, conditional on 

age, gender and ethnicity. 

iii. Medication status for lipid lowering (LL) and blood pressure lowering (BPL) drugs was derived 

using a similar approach to the diabetes and prior CVD variables. The proportions of people taking 

these medications came from the national drug dispensing database (data source [iv]). A current 

medication status (LL and BPL drugs, LL drugs only, BPL drugs only, or neither) was assigned to 

each individual using Monte Carlo sampling, conditional on age, sex, ethnicity and history of CVD. 

Further details of steps i-iii are provided in supplement 2. 

Imputed variables 

iv. The final step was to assign a SBP, TC:HDL ratio, and a family history of premature CVD derived 

from the individual-level PREDICT data (data source [v]) utilising multiple imputation (98-100). This 

was done by treating the remaining variables as ‘missing’ for the purposes of the imputation process. 
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Conventionally imputation has been used to replace missing data with plausible values given the 

known or non-missing data. In this circumstance the PREDICT data was used as the ‘known’ data 

whereas all required data values (i.e. age, gender, ethnicity as well as SBP, TC:HDL ratio, and a 

family history of premature CVD) were established. The synthetic data contained the variables 

previously developed in steps i-iii but with ‘missing’ values for SBP, TC:HDL ratio, and a family 

history of premature CVD. To undertake the imputation, the PREDICT dataset was appended to the 

synthetic population to create a single dataset containing both real (PREDICT) and synthetic data 

allowing the generation of realistic values for the synthetic population based on real world data.  

Further details of the imputation process are provided in Supplement 3 and a summary of the use of 

the datasets is suppled in Table 2.1. 

 

Data Source Name Source Variables derived 

from data source 

Linked by 

New Zealand Census Statistics New 

Zealand 

Age, Gender, 

Ethnicity, SES, 

Smoking 

Framework created 

from this dataset 

National Minimum dataset New Zealand 

Ministry of 

Health 

History of CVD status Age, ethnicity, gender 

National Virtual Diabetes 

Register 

New Zealand 

Ministry of 

Health 

Diabetes status Age, ethnicity, gender 

National pharmaceutical 

dispensing database 

New Zealand 

Ministry of 

Health 

Blood pressure and 

lipid lowering 

medication 

Age, ethnicity, gender, 

history of CVD, 

diabetes status 

PREDICT primary care 

CVD risk factor dataset 

VIEW/PREDICT 

CVD risk 

screening project 

SBP, TC:HDL ratio 

family history of CVD 

Age, ethnicity, gender, 

history of CVD, 

diabetes status, Blood 

pressure and lipid 

lowering medication 

status 

Table 2.1. Summary of data sources and contribution to synthetic population 
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 Validation 

A two-stage validation process was then undertaken; first validating against the datasets used to 

develop the synthetic population (internal validation) and then against datasets which had not been 

involved in the development of the synthetic population (external validation). The internal validation 

simply compared the synthetic population variable distributions to the equivalent distributions in 

datasets used to generate the synthetic population, to ensure that the synthetic data reflected the source 

data and the relationships between the variables. The synthetic population was then externally 

validated by comparing the risk factor distributions generated in the synthetic population with 

equivalent data from external sources not used in the development of the synthetic population. 

Internal validation, but not external validation, was done for the age, sex and ethnicity variables as 

these data were derived directly from the NZ Census, which was considered to be the gold standard. 

Only internal validation was possible for current drug treatment and family history of CVD, as no 

relevant external datasets were available for these variables. 

The data used for external validation was sourced from the published studies conducted in the New 

Zealand population. As these data were only available in an aggregated form, this placed some 

restrictions on how it could be compared with the synthetic population data. In cases where high 

quality, recent national level data was not available, regional studies were used. To enable valid 

comparisons, the age and ethnicity aggregations in the synthetic population had to be modified to 

match those in the external validation data. Mean values from the external validation sources were 

then plotted against equivalent values from the synthetic population. Where possible, 95% confidence 

intervals for the external validation data were also plotted. 

In situations where the synthetic and external data used for the validation were clearly different, a 

second external data source was sought. If the two external sources were consistent but were different 

from the synthetic data distributions, then the synthetic data was modified post-hoc so that the mean 

values of the synthetic and external data were similar, see Supplement 4 for further details.  

The analysis and all other computational work was undertaken in the R 3.1.3 computing environment 

(101) and used the MICE (98) and dplyr (102) packages extensively. 

Results 

Table 2.2 presents a summary of the synthetic population variables by age group. Europeans 

accounted for the majority of the population in all age groups and this proportion increased with age, 

while the proportions of all other ethnic groups decreased with increasing age. Smoking prevalence 

and family history of premature CVD decreased with increasing age whereas diabetes prevalence, 

prior CVD, mean SBP, and medication usage increased with advancing age.  
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Variables 
Age 

30 – 44* 45 - 54 55 - 64 65 - 74 75 - 84 

Number of individuals  828,518 600,532 491,463 344,559 186,206 

Male (%)  47.3 48.0 48.7 48.4 45.3 

Ethnicity (% of age) 

Māori  13.9 12.0 9.5 6.8 4.5 

Pacific 6.1 4.8 3.6 2.7 1.9 

South Asian  5.0 3.1 2.4 1.6 0.9 

Chinese  4.6 3.6 3.6 2.6 2.2 

Other Asian  4.9 3.5 2.0 0.8 0.4 

Other  1.6 0.8 0.5 0.2 0.1 

European  63.9 72.3 78.5 85.2 90.0 

Deprivation Quintile 

(1 is least deprived) 

1 20.9 25.1 24.5 22.5 19.2 

2 21.2 22.0 21.9 21.6 20.5 

3 20.7 19.6 19.9 20.4 20.9 

4 19.5 17.4 18.1 19.3 22.2 

5 17.6 15.9 15.7 16.2 17.2 

Smoking 

Current 18.9 17.7 13.8 9.9 6.6 

Ex-smoker 22.3 25.3 30.1 35.1 35.0 

Never smoked 58.9 57.0 56.0 55.0 58.5 

Diabetes (%)  4.1 8.2 13.8 19.4 22.6 

Prior CVD (%)  0.6 2.5 6.1 12.6 22.4 

LL medication (%)  1.6 8.2 20.5 34.8 41.3 

BPL medication (%)  3.1 12.7 28.5 47.4 60.6 

SBP (mean, sd)  
122.7 

(17.3) 

127.9(17.

2) 

132.5(17.

3) 

136.9(17.

4) 

140.4(17.

5) 

TC:HDL(mean, sd)  4.0(1.4) 4.2(1.2) 4.1(1.2) 4.0(1.1) 3.8(1.1) 

Family history of 

premature CVD (%) 
 16.5 13.5 12.1 10.6 8.5 

Table 2.2. The synthetic population variable distributions by age group. 

* The youngest age bracket includes individuals 5 years younger than the minimum CVD 

screening age of 35 years (as per NZ guidelines) to allow for a 5 year simulation period. A decision 

was made to include this in the 35-44 year-old population rather than include in a separate age 

bracket. This decision created a bin width of 15 years in the lowest age bracket as compared to 10 

years for all other age brackets. 
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Age, Gender and Ethnicity (Internal Validation Only) 

Figure 2.1A demonstrates that the synthetic population (illustrated the solid lines) is, as expected, 

identical to the 2013 Census population (the dots) by age and gender. Figure 2.1B shows that the 

ethnicity by age group patterns of the synthetic data (dots) are also mirrored in the Census population 

(solid lines), although the synthetic population numbers are slightly higher. The lack of an exact 

match is due to the assignment of individuals in the Census population with missing ethnicity data to 

existing ethnicity categories (described in the Methods).  

 

 

Figure 2.1 Internal validation comparing the synthetic (line) and 2013 Census population 

(dots) by one-year age group counts. (A) for the total population and gender, and (B) for each 

ethnic group. 
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Smoking Prevalence by Age, Gender and Ethnicity (Internal & External Validation)  

The synthetic population smoking prevalence distributions by age, gender, ethnicity and deprivation 

showed close correlation with the Census population smoking data used to generate it (see Figure A-C 

in supplement 5). There was also good agreement on smoking rates between the synthetic population 

and the NZ Ministry of Health (MoH) 2012/13 Tobacco Use Survey (70), by age, gender and 

ethnicity  (Figure 2A and B). Fig 2.2A illustrates a declining trend in smoking prevalence with 

increasing age in both men and women in the synthetic population (line) and MoH data (points and 

95% CIs). While there was a very good level of agreement throughout the middle age bands, there 

was a slightly lower estimate in the youngest age band and higher estimate in the oldest age band in 

the synthetic population compared to the MoH survey population. This is likely to be due to the 

exclusion of people aged 25-30 years and over 85 years from the synthetic population but not from the 

MoH data. 

Fig 2.2B compares smoking prevalence by age, gender and ethnicity in the MoH survey and synthetic 

population and also shows reasonable agreement. Due to the restricted sample size in the MoH 

survey, some ethnic/gender/age groupings have wide confidence intervals. Previously reported ethnic 

differences in smoking prevalence were observed, including the high smoking prevalence in Māori, 

particularly females, and the very low prevalence in Asian females. 
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Fig 2.2. External validation comparing smoking prevalence by gender and age in the synthetic 

population (line) and the 2012/13 MoH Tobacco Survey (points and 95% CIs) (A) the total 

population and (B) separate ethnic groups. 

Diabetes Prevalence by Age, Gender and Ethnicity (Internal & External Validation) 

There was very close agreement between the synthetic population diabetes prevalence and the 

national Virtual Diabetes Register (VDR)-based prevalence estimates used to generate it (see Figure 

D in supplement 5). Similarly, in the external validation, there was reasonably good agreement 

between diabetes prevalence in the synthetic population and in the New Zealand 2008/09 Adult 

Nutrition Survey (103) by age and gender, for the total population (Figure 2.3A) and by ethnicity 

(Figure 2.3B). The ethnicity data from the New Zealand 2008/09 Adult Nutrition Survey was 

categorised as Māori, Pacific and New Zealand European/Other (NZEO). 
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Figs 2.3. External validation comparing diabetes prevalence in the synthetic population (line) 

and the 2008/9 National Adult Human Nutrition Survey (points and 95% CIs) by age group. 

(A) the total population and (B) separate ethnic groups. 

While there were some small differences, all synthetic population values fell within the 95% 

confidence intervals of the survey-based prevalences, with the exception of Pacific individuals 

between the ages of 65 and 74 years. The overall fit of the synthetic data, compared to the nutrition 

survey, was adequate and the reliability of the VDR data (being a nationwide, regularly updated 

database) was preferred to the survey data, so no post-hoc modification was made to the 

prevalence of diabetes in the synthetic population. 
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Personal History of CVD by Age, Gender and Ethnicity (Internal Validation) 

The synthetic population accurately reflected the prevalence of a personal history of prior CVD 

derived from the national hospitalisation data stratified by age, gender and ethnicity (see Figure E in 

supplement 5). In the external validation, the synthetic population was compared to a national CVD 

prevalence study conducted by the New Zealand Ministry of Health during the 2013-14 New Zealand 

health survey (71). As shown in Fig 2.4, the prevalence of CVD in synthetic population was similar to 

the prevalence observed in the health survey by age and gender.  

 

Fig 2.4. External validation comparing the prevalence of previous CVD by gender and age in 

the synthetic population (line) and data from the 2013/14 Zealand health survey (points and 

95% CIs)  

The Health Survey reported age-adjusted prevalence ratios by ethnicity, rather than prevalence 

proportions, which were compared with age and gender adjusted odds ratios for Māori, Pacific Island 

and Asian populations derived for the synthetic population using logistic regression controlling for 

age, gender and the binary ethnicity variable. 

For people who identified as Māori in the synthetic population, the OR for prior CVD was 1.58 

compared to non-Māori, which was similar to the Health Survey adjusted prevalence ratio of 1.57 

(95% CI 0.1, 25.71). For Pacific people in the synthetic population, the odds ratio was 1.85, compared 

to a prevalence ratio of 1.71 (95% CI 0.1, 28.55) in the Health Survey, and for Chinese and Other 

Asians combined, the adjusted OR was 0.43 in the synthetic population and 0.58 (95% CI 0.03,9.92) 

in the Health Survey. 

Systolic Blood Pressure (SBP) by Age, Gender and Ethnicity (Internal and External Validation) 

The SBP variable in the synthetic population was imputed using data from the PREDICT dataset(97). 

The internal validation of systolic blood pressure levels by age and gender (Figure F in supplement 5) 

indicated a close alignment between the synthetic population and the PREDICT dataset except for 
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women under about 45 years of age (note: there were very few younger women in the PREDICT 

dataset). However in the external validation against independent national (10) and regional surveys 

(104), the gender differences in SBP in the synthetic population were not as pronounced as generally 

observed in other studies (Fig 2.5A).  

Therefore, a post-imputation adjustment (Fig 2.5B) was made to the SBP to bring the synthetic 

population data into alignment with previously reported data. The adjustment shifted the age and 

gender specific mean levels in the population while retaining the variability developed during the 

imputation process (adjustments described in supplement 4). Following these adjustments, the 

synthetic population SBP distributions were very similar to those for the National Survey data (Fig 

2.6B).  

 

Fig 2.5. External validation comparing systolic blood pressure levels by age and gender in the 

synthetic population (lines) and the 2008/9 National Adult Nutrition Survey (points and 95% 

CIs) (A) as imputed and (B) modified.   

TC:HDL ratio by Age and Gender (Internal and External Validation) 

The TC:HDL ratio variable in the synthetic population was imputed using data from the PREDICT 

dataset (97). As with SBP, the synthetic population distributions showed good agreement with the 

PREDICT population distributions by age and gender, except in younger women (see Figure G in 

supplement 5). However, the TC:HDL ratio distributions in the synthetic population showed less 

agreement with an external data source of 2.9 million TC:HDL ratio tests from a regional laboratory 

database, measured between 2006 and 2012 and with a second data source, the New Zealand 2008/9 

National Adult Human Nutrition Survey findings (Fig 2.6A). As there was reasonable agreement 

between the two external data sources, the synthetic population TC:HDL ratio distributions were 

adjusted to match the distribution observed in the laboratory data (adjustments described in 
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supplement 4). The primary modification was a reduction in the ratio of younger individuals who are 

not as well represented in the PREDICT dataset. 

Following the modification, the distribution more closely resembled the data from the 2008/9 

National Adult Human Nutrition Survey (Fig 2.6B). 

 

 

Fig 2.6. External validation comparing TC:HDL ratio levels by age and gender in the 

synthetic population (lines) and the 2008/9 National Adult Nutrition Survey (points and 95% 

CIs) (A) as imputed and (B) modified. 

Medication and Familial History of Premature CVD 

There was close agreement between the synthetic and source datasets for LL and BPL medication 

status (see Figure H in supplement 5) but there was no relevant data available for an external 

validation. The medication data was derived from a comprehensive, high quality national database, 

which like the census demographic data, is essentially the gold standard and as such the lack of 

external validation was considered acceptable. 

The internal validation of the familial history of premature CVD (derived from the PREDICT 

database) showed close agreement with the synthetic population distributions by age, gender and 

ethnicity (see Figure I in supplement 5). However again, no external validation was possible due to a 

lack of a relevant external data source. As the PREDICT data (97) is by far the largest New Zealand 

dataset that measured this variable, it is considered to be the best current source of this data.  

Discussion 

This study has demonstrated that it is possible to develop a synthetic population with demographic 

and CVD-risk profiles similar to the New Zealand adult population, using national census data, 

routine national hospitalisation and medication data and a large sub-national primary care dataset. The 
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aim of this study was to produce a synthetic population that could be used to run simulations to 

investigate the likely impact of a range of national CVD medication treatment policy options, on the 

numbers of New Zealanders meeting treatment criteria and on the likely number of CVD events that 

would be prevented. If these simulations are to produce realistic and reliable outputs, it is essential 

they are applied to population data that accurately represent the multi-variable CVD risk status of 

New Zealanders. The ‘individual’ level data generated were not intended to match any particular real-

world person, however as indicated by the validation analyses performed, the synthetic population 

generally matched the socio-demographic and CVD risk characteristics of the New Zealand adult 

population. 

A strength of this study was the use of a methodology that combined total population data from a 

national census and national routine hospitalisation and drug dispensing databases, together with 

micro-level data from a large scale sub-national primary care database. The primary care data used in 

this study were collected recently in two regions that include approximately one-third of the New 

Zealand population, thus increasing the likelihood of developing a valid representation of the New 

Zealand population. The external validation of the synthetic population in regard to key CVD 

predictors was also a strength of this study and gave the candidate confidence that the synthetic 

population could be used for assessing the impact of different CVD risk management treatment 

options. Currently there is no equivalent single comprehensive survey-based dataset in New Zealand 

and to the candidate’s knowledge this synthetic population is the most complete and comprehensive 

multi-variable CVD risk dataset representing a national population available. 

The synthetic population is only as good as the quality of the data used to generate it and the two 

continuous variables – systolic blood pressure and the TC:HDL ratio – required adjustment to more 

accurately reflect the mean values reported in the external data sources used in the validation process. 

While the internal validation confirmed that both these variables were imputed correctly, the age and 

gender distributions in the PREDICT dataset used to generate them differed somewhat from published 

studies. The difference was particularly pronounced in younger women who had higher SBP levels 

and higher TC:HDL ratios than observed in the external data sources. This was not totally unexpected 

as there were very few younger women (under the age of 45 years) in the PREDICT dataset because 

they do not meet nationally recommended criteria for CVD risk assessment unless they are known to 

be at high risk. The younger women in the PREDICT dataset were likely to be atypical in terms of 

CVD risk, as they were screened at an earlier than recommended age. There also appeared to be some 

measurement error in the SBP levels recorded in the PREDICT dataset used to impute the synthetic 

population SBP distributions. The PREDICT blood pressure measurements were mainly taken by 

busy general practitioners and practice nurses who tend to show digit preference by rounding 

measurements to the nearest 10 mmHg (105). It is likely that this rounding error reduced the 

magnitude of the differences in blood pressure between men and women usually observed in research 
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studies where blood pressure is measured and recorded more accurately. The adjustment to blood 

pressure and lipid variables were kept as simple as possible and undertaken in a manner that retained 

the variability provided by the imputation process. 

It was not possible to externally validate the medication or family history of premature CVD variables 

as there were no relevant national or regional survey data available. The medication data were derived 

from the national PHARMS database that documents all subsidised drugs dispensed from community 

pharmacies in New Zealand. As all commonly used CVD preventive medications are subsidised in 

New Zealand and reimbursement for pharmacists is via the reported data, the level of completeness is 

thought to be very high. The quality of the family history of CVD variable is less certain, however 

this variable is a relatively weak predictor in the CVD risk prediction equations that will be used in 

treatment simulations so any inaccuracies will have minimal influence on the outputs. 

The census data used in developing the synthetic population was based on the ‘usually resident 

population’ count. Statistics New Zealand also develops an ‘estimated resident population’ which 

manages issues such as under counting due to non-response or to missing data on particular census 

questions, such as ethnicity. However, the estimated resident population data available was not 

suitable for this study as high CVD risk ethnic populations (Pacific and South Asian individuals) were 

aggregated with lower risk populations. Within the census section of the synthetic population 

development, individuals with missing ethnicity data were assigned an ethnicity based on the reported 

ethnicities proportions by age and gender strata. Although this approach is less sophisticated than the 

techniques used by Statistics New Zealand in developing the estimated resident population, it does 

partially address the ethnicity non-response issue while providing ethnicity data in the correct format. 

This population contains all the key variables required to calculate the estimated CVD risk for 

individuals based on the most common equations in use in New Zealand. There were a number of 

variables which could be considered ‘unobserved’ which might modify CVD risk or medication 

efficacy (e.g. an individual’s BMI or an identification of familial hypercholesterolemia). While their 

addition would be useful, and is planned for the future, their absence should not impact on the 

intended simulation. As these variables are not included in the risk equations used to assess CVD risk 

within the simulation, they will not impact the likelihood of an event occurring in a synthetic person. 

As such, any subdivision on the basis of these variable would underestimate the true risk, and 

therefore event rate, in that sub-population. The exclusion of these variable is not expected to bias the 

population level estimate as the additional events will be either be assessed via correlated variable 

(e.g. age) or as part of the intercept (beta 0) variable. As more integrated health data becomes 

available, it is likely that it will be possible to include additional variables for both CVD, and other 

diseases, which will then warrant inclusion in the synthetic population and allow for meaningful 

assessment of the increased risk observed in impacted sub-populations. 
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As a function of the development process, there will be minor variations between the 100 synthetic 

populations generated. Characterisation of this intra-population variation allows for an estimation of 

the uncertainty of the synthetic population development.  For the more numerous sub-populations, for 

example individuals of European ethnicity, the intra-population variability of summary values would 

be expected to be small. For smaller sub-populations, for example the older age brackets of Māori and 

Pacific individuals, a greater degree of variability between populations would be expected due to 

Monte Carlo error. This should be taken into account, and the variability quantified, if summary data 

is being calculated from the synthetic populations. To this end multiple synthetic populations will be 

freely provided on request to allow for assessment of the intra-population variability of any subsets of 

interest which at the full population level (2.5 million) is very minor due, to the large numbers of 

individuals developed. The variation might be more significant for smaller sub-populations due to the 

increased influence of stochastic variation when small synthetic population groups are generated.  

Although this population is synthetic, the external validation process indicates that it provides a 

reasonable proxy for the multi-variable CVD risk factor profiles of adult New Zealanders. Moreover, 

it is the most current and comprehensive nationally representative individual ‘person’ dataset of 

multiple CVD risk factors available. Due to its synthetic nature, the population is free of privacy 

issues and as such is able to be shared more freely than actual patient data. While the initial goal is to 

use this synthetic population to facilitate CVD simulations for assessing the impact of different 

treatment strategies, there has already been interest from research groups to use it for other 

applications. Future work is likely to involve extending the population both to include new risk 

factors for both CVD and other diseases of such as cancer, and these data will be made available to 

other researchers and health service planners. 
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Supplementary information 

Supplement 1: Supporting Information 1. ICD-10 codes used to identify CVD events in medical records 

ICD-10 hospitalisation codes used to define prior CVD. The likelihood of an individual having a 

history of CVD is defined by events which resulted in a hospitalisation and that one of the ICD codes 

associated with the event is listed in this list. Events that did not eventuate in a hospital admission or 

were not coded with an appropriate code will not be recorded as an event. The data used spanned 

1993 to 2013 and the proportion was developed using individuals who were alive as of 2013 (as 

defined by not having a date of death or a date of death after 2013 recorded in the national data). This 

was designed to match the census population on which the synthetic population was developed. If an 

individual had an event prior to 1993 and has not had one subsequently then this event will possibly 

not be recorded (although there is partial data extending back to 1986) however that is the 20th year 

of comprehensive follow-up so is thought to capture the vast majority of events. 

S1 Table. ICD 10 codes used to define prior CVD 

CLINICALCODE DESCRIPTIONSHORT 

I210 Acute transmural MI of anterior wall 

I211 Acute transmural MI of inferior wall 

I212 Acute transmural MI of other sites 

I213 Acute transmural MI of unspecified site 

I214 Acute subendocardial MI 

I219 Acute myocardial infarction unspecified 

I220 Subsequent MI of anterior wall 

I221 Subsequent MI of inferior wall 

I228 Subsequent MI of other sites 

I229 Subsequent MI of unspecified site 

I230 Haemopericardium current comp foll ac MI 

I231 ASD as current comp following acute MI 

I232 VSD as current comp following acute MI 

I233 Rupt card wall wo hemopericrd foll ac MI 

I234 Rupt chordae tendineae comp foll ac MI 

I235 Rupt papillary muscle comp foll ac MI 

I236 Atrl thromb auric append ventric w ac MI 

I238 Other current complication foll acute MI 

I240 Coronary thrombosis not resulting in MI 
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I248 Other forms of acute IHD 

I249 Acute ischaemic heart disease NOS 

I252 Old myocardial infarction 

I255 Ischaemic cardiomyopathy 

I630 Cereb infarct dt thrombosis precereb art 

I631 Cereb infarct dt embolism precereb art 

I632 Cereb infarct dt occlus precereb art NOS 

I633 Cereb infarction dt thrombosis cereb art 

I634 Cereb infarct dt embolism cerebral art 

I635 Cereb infarct dt occlusion cereb art NOS 

I636 Cereb infarct dt cntrl ven thromb nonpyo 

I638 Other cerebral infarction 

I639 Cerebral infarction unspecified 

I64 Stroke not spec haemorrhage or infarct 

I650 Occlusion & stenosis vertebral artery 

I651 Occlusion and stenosis of basilar artery 

I652 Occlusion and stenosis of carotid artery 

I653 Occlus stenos mult & bil precereb artery 

I658 Occlusion & stenosis oth precereb artery 

I659 Occlusion & stenosis  precereb art NOS 

I660 Occlusion stenos middle cerebral artery 

I661 Occlusion & stenosis ant cerebral artery 

I662 Occlusion & stenosis post cereb artery 

I663 Occlusion & stenosis cerebellar arteries 

I664 Occlus & stenosis mult & bil cereb art 

I668 Occlusion & stenosis other cerebral art 

I669 Occlusion & stenosis cerebral artery NOS 

I693 Sequelae of cerebral infarction 

I694 Sequelae of stroke not haem or infarct 

I698 Seq oth/unspec cerebrovascular dis 

I7021 Atheroscl artery extrem w intermit claud 

I7022 Atheroscl artery extrem w rest pain 

I7023 Atherosclerosis artery extremity w ulcer 

I7024 Atherosclerosis artery extrem w gangrene 
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I713 Abdominal aortic aneurysm ruptured 

I714 Abdominal aortic aneurysm, without mention of rupture 

I739 Peripheral vascular disease unspecified 

I740 Embolism & thrombosis abdominal aorta 

I741 Embolism & thrombosis oth/unspec aorta 

I742 Embolism & thromb arteries upp extrem 

I743 Embolism & thromb arteries lower extrem 

I744 Embolism & thromb arteries extrem NOS 

I745 Embolism and thrombosis of iliac artery 

I748 Embolism & thrombosis other arteries 

I749 Embolism & thrombosis unspecified artery 

Z951 Presence of aortocoronary bypass graft 

Z955 Presnc coronary angioplasty impl gft 

Z958 Presnc oth cardiac vascular impl graft 

Z959 Presnc cardiac vascular impl gft NOS 

E1052 Type 1 DM w perph angiopathy w gangr 

E1452 Unspec DM w perph angiopathy w gangr 

3270000 Carotid bypass using vein 

3270001 Carotid-carotid bypass using vein 

3270002 Carotid-subclavian bypass using vein 

3270003 Carotid-vertebral bypass using vein 

3270004 Aorto-subclavian-carotid bypass usg vein 

3270005 Carotid bypass using synthetic material 

3270006 Carotid-carotid bypass usg synthc matrl 

3270007 Carotid-vertebral byps usg synthc matrl 

3270008 Carotid-subclavian bypass synthc matrl 

3270009 Aorto-carotid byps usg synthc material 

3270010 Aorto-carot-brachial bypass synthc matrl 

3270011 Aorto-subclavn-carot bypass synthc matrl 

3270300 Resection carotid artery w re-anstms 

3270800 Aorto-femoral bypass usg synthc material 

3270801 Aorto-femoro-femoral bypass synthc matrl 

3270802 Aorto-iliac bypass using synthetic matrl 

3270803 Aorto-ilio-femoral byps usg synthc matrl 
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3271200 Ilio-femoral bypass using vein 

3271201 Iliofemoral bypass usg synthc material 

3271500 Subclavian-femoral byps usg synthc matrl 

3271501 Subclavian-bifemoral bypass synthc matrl 

3271502 Axillo-femoral bypass usg synthc matrl 

3271503 Axillo-bifemoral byps usg  synthc matrl 

3271800 Ilio-femoral crossover bypass 

3271801 Femoro-femoral crossover bypass 

3273000 Mesenteric bypass usg vein single vessel 

3273001 Mesenteric byps synthc matrl, sgl vesl 

3273300 Mesenteric bypass usg vein mult vessels 

3273301 Mesenteric byps synthc matrl, mult vesl 

3273600 Other proc on inferior mesenteric artery 

3273900 Femoral art bypass usg vein above knee 

3274200 Femoral art bypass usg vein below knee 

3274500 Femor art byps ven, tibl/& peroneal art 

3274800 Femoral art byps usg ven w in 5cm ankle 

3275100 Fermoral art byps synthc matrl abv knee 

3275101 Fermoral art byps synthc matrl blw knee 

3275102 Femor art synthc byps tibl &/peronl art 

3275103 Femor art synthc byps  w in 5cm ankle 

3275400 Femoro-femoral bypass usg composite gft 

3275401 Femoro-popliteal byps usg composite gft 

3275402 Femor to tibl/peronl art byps compst gft 

3275700 Femoral artery sequential byps usg vein 

3275701 Femoral art sequential byps synthc matrl 

3276300 Other arterial bypass using vein 

3276301 Other arterial byps gft usg synthc matrl 

3276302 Subclavianvertebral bypass using vein 

3276303 Subclavianaxillary bypass using vein 

3276305 Aortocoeliac bypass using vein 

3276306 Aortofemoropopliteal bypass using vein 

3276307 Ilioiliac bypass using vein 

3276308 Poplitealtibial bypass using vein 
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3276309 Aortosubclavian bypass usg synthc matrl 

3276310 Subclaviansubclavian byps, synthc matrl 

3276311 Subclavianvertebral bypass synthc matrl 

3276312 Subclavianaxillary bypass, synthc matrl 

3276313 Axilloaxillary bypass usg synthc matrl 

3276314 Axillobrachial bypass usg synthc matrl 

3276316 Aortocoeliac bypass usg synthetic matrl 

3276317 Aortofemoropopliteal byps synthc matrl 

3276318 Ilioiliac bypass using synthetic matrl 

3276319 Poplitealtibl byps usg synthc material 

3305000 Replace popliteal aneurysm using vein 

3305500 Replace popliteal anrysm usg synthc gft 

3307500 Repair of aneurysm in neck 

3308000 Repair of intra-abdominal aneurysm 

3310000 Replace carotid artery aneurysm w graft 

3311200 Replace suprarenal AAA with graft 

3311500 Replace infrarenal AAA with tube graft 

3311800 Replace infrarnl AAA bifur gft iliac art 

3312100 Replace infrarnl AAA bifur gft femor art 

3312400 Replace iliac art aneurysm w graft, unil 

3312700 Replace iliac art aneurysm w graft, bil 

3313000 Exc & rep visc art aneurysm, dir anstms 

3315100 Replace ruptured suprarenal AAA w graft 

3315400 Replace ruptd infrarenal AAA w tube gft 

3315700 Replace ruptd infrarnl AAA w iliac graft 

3316000 Replace ruptd infrarnl AAA w femor graft 

3316300 Replace ruptd iliac art aneurysm w graft 

3317800 Repair of ruptured aneurysm in neck 

3318100 Repair ruptured intra-abdominal aneurysm 

3350000 Carotid endarterectomy 

3350600 Innominate endarterectomy 

3350601 Subclavian endarterectomy 

3350900 Aorta endarterectomy 

3351200 Aorto-iliac endarterectomy 
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3351500 Aorto-femoral endarterectomy 

3351501 Ilio-femoral endarterectomy, bilateral 

3351800 Iliac endarterectomy 

3352100 Ilio-femoral endarterectomy, unilateral 

3352400 Renal endarterectomy, unilateral 

3352700 Renal endarterectomy, bilateral 

3353000 Coeliac endarterectomy 

3353001 Superior mesenteric endarterectomy 

3353300 Coeliac & supr mesenteric endarterectomy 

3353600 Inferior mesenteric endarterectomy 

3353900 Endarterectomy of extremities 

3354200 Extended endarterectomy deep femoral art 

3354800 Patch graft of artery using vein 

3354801 Patch graft art usg synthetic material 

3354802 Patch graft of vein using vein 

3354803 Patch graft vein usg synthetic material 

3355100 Procurement vein fm limb f patch graft 

3355400 Endarterectomy w art byps prep f anstms 

3530306 Perc transluminal balloon angioplasty 

3530307 Open transluminal balloon angioplasty 

3530400 PTCA, 1 coronary artery 

3530401 Open TBA of 1 coronary artery 

3530500 PTCA, multiple coronary arteries 

3530501 Open TBA mult coronary arteries 

3530906 PTA perc w stenting, single stent 

3530907 PTA perc w stenting, multiple stents 

3530908 Open TBA w stenting, single stent 

3530909 Open TBA w stenting, multiple stents 

3531000 Perc ins trnslml stent, sgl coron artery 

3531001 Perc ins mult trnslml stnt sgl coron art 

3531002 Perc ins >=2 trnslml stnt coron arteries 

3531003 Open ins trnslml stent single coron art 

3531004 Opn ins mult trnslml stnt sgl coron art 

3531005 Opn ins mult trnslml stnt coron arteries 
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3531200 Perc peripheral artery atherectomy 

3531201 Open peripheral artery atherectomy 

3531500 Perc peripheral laser angioplasty 

3531501 Open peripheral laser angioplasty 

3845619 Oth intrathor proc arteries heart wo CPB 

3849700 Coron art byps using 1 saph vein graft 

3849701 Coron art byps using 2 saph vein grafts 

3849702 Coron art byps using 3 saph vein grafts 

3849703 Coron art byps usg >=4 saph vein grafts 

3849704 Coron art byps usg 1 other venous graft 

3849705 Coron art byps usg 2 other venous grafts 

3849706 Coron art byps usg 3 other venous grafts 

3849707 Coron art byps usg >=4 oth venous grafts 

3850000 Coronary artery bypass, using 1 LIMA gft 

3850001 Coronary artery bypass, using 1 RIMA gft 

3850002 Coron artery bypass usg 1 radial art gft 

3850003 Coron art byps usg 1 epigastric art gft 

3850004 Coron art byps usg 1 other arterial gft 

3850300 Coronary artery bypass, using 2 LIMA gft 

3850301 Coronary artery bypass, using 2 RIMA gft 

3850302 Coron artery bypass usg 2 radial art gft 

3850303 Coron art byps usg 2 epigastric art gft 

3850304 Coron art byps usg >=2 oth arterial gft 

3850500 Open coronary endarterectomy 

3850700 Left ventricular aneurysmectomy 

3850800 L ventricular aneurysmectomy w ptch gft 

3850900 Repair of ventricular septal rupture 

3863700 Reop recon occluded coronary artery 

9020100 Coron art byps usg 1 other matrl gft NEC 

9020101 Coron art byps usg 2 other matrl gft NEC 

9020102 Coron art byps usg 3 other matrl gft NEC 

9020103 Coron art byps usg >=4 other matrl gft 

9022900 Other endarterectomy 

9023000 Embolectomy/thrombectomy of other artery 
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Supplement 2: Monte Carlo process description 

Phases 1-2 are developed from census data in the following format, where the DHB, Age, Sex, 

Prioritised ethnic_group, NZDep13_quintile and min age are categorical variables. Regular.smoker, 

Ex.smoker and Never.smoked.regularly are frequency counts. The total number of people in the row 

can be found by summing Regular.smoker, Ex.smoker and Never.smoked.regularly variables. 

 

 

The development process iterates through each row of the census data where the total number of 

people in the row (as determined by summing the smoking statuses) determines the number of 

synthetic individuals developed. 

 For each row of the census data: 

1) Assign age by random draw of X values from a uniform distribution bounded by Y and Y+1 

where Y is the minimum age group and X is the number of individuals in the age group (as 

determined by summing the smoking statuses).  

2) Sex, prioritised ethnic group and NZDep are then assigned on the basis of the value for the 

strata in question to all individuals created in step 1. This assignment is deterministic as for 

each row (see figure above) there is only a single option of both gender and ethnicity. 

3) Assign smoking status on the basis of age, sex, ethnicity, NZDep 

𝑃( 𝑠𝑚𝑜𝑘𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑢𝑠|𝑎𝑔𝑒, 𝑠𝑒𝑥, 𝑒𝑡ℎ𝑛𝑖𝑐𝑖𝑡𝑦, NZDep) 

4) Assign a joint diabetes and CVD status on the basis of age, sex ethnicity and NZDep. 

 𝑃(𝐷𝑖𝑎𝑏𝑒𝑡𝑒𝑠 ∪ 𝐶𝑉𝐷|𝑎𝑔𝑒, 𝑠𝑒𝑥, 𝑒𝑡ℎ𝑛𝑖𝑐𝑖𝑡𝑦, NZDep) 

5) Assign a joint medication status (LLD = lipid modifying medication, AHT = 

Antihypertensive medication) on the basis of age, sex ethnicity and CVD status.  

𝑃(𝐿𝐿𝐷 ∪ 𝐴𝐻𝑇 |𝑎𝑔𝑒, 𝑠𝑒𝑥, 𝑒𝑡ℎ𝑛𝑖𝑐𝑖𝑡𝑦, 𝐶𝑉𝐷) 

6) Multiple imputation is then used to create SBP, TC:HDL ratio and familial history of CVD on 

the basis of the values developed in steps 1-4. To allow generation of these values the 
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synthetic data was merged with the PREDICT data to provide the SBP, TC:HDL ratio and 

familial history data to allow the imputation described in supplement 3. 

 

‘Smoking status’ 

The smoking status of individuals has been developed on the basis of the variables collected during 

the 2013 census. For use in many CVD risk equations a binary classification of smoking status is 

required. At this stage the three level (non-smoker, ex-smoker, current smoker) coded 0,1,2 

respectively has been retained. This structure maintains the maximum amount of information, in 

situations where a binary variable is required the current convention is to collapse to a ‘smoking’ 

variable, consisting of the current smokers and a ‘non-smoking variable’ in consisting of the ex- and 

non-smokers. This classification however is up to the discretion of the user of the synthetic population 

based on the use case in question.  

‘Not elsewhere included’ variables 

Census data for the age and gender variables was complete however individuals without a valid 

answer in the census for the ethnicity and SES variables were assigned to a ‘not elsewhere included’ 

category. To allow CVD risk calculation, all individuals in the synthetic population needed to be 

assigned an ethnicity and NZDep status. To integrate the individuals without a valid ethnicity the 

number of individuals in the ‘not elsewhere included’ ethnicity was assigned to ethnicity categories in 

the synthetic population based on the proportion of known ethnicities in the census population as 

stratified by age and sex. Likewise, the number of individuals in the ‘not elsewhere included’ category 

for NZDep was assigned to a NZDep quintile on the basis on the proportions in the known quintiles. 

Using this method, the total number of individuals in the population was maintained however the total 

number recorded in the census sub-populations no longer match the synthetic population due to the 

addition of the proportional ‘not elsewhere included’ population. 

Confidentiality rules in relation to Census data 

The census data was provided on the basis of existing rules around the protection of the privacy of 

individuals. The details of which are provided on the Statistics New Zealand website 

(http://www.stats.govt.nz/Census/2013-census/methodology/confidentiality-how-applied.aspx) two 

rules in particular applied to the census extract, rules 3 and 4.  

Rule 3 states that if a count for a cell is less than 6 it will be replaced with a ‘..C’ value. 

 Rule 4 states that a random rounding rule will be applied such that values not in base 3 (i.e. ending in 

3,6, or 9) will be rounded to the nearest base 2/3 of the time and to the second nearest base 3 1/3 of 

the time. 

http://www.stats.govt.nz/Census/2013-census/methodology/confidentiality-how-applied.aspx
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 As a value was required for all cells the ..C had to be replaced with a valid value. The data was 

hierarchical and contained subtotals for individuals’ levels data. This was used to create an internally 

consistent system such that the values in the strata would sum to the total of the next strata up. For 

example, a total number of 30-year old females of all ethnicities nationally was provided (called upper 

strata in remainder of description) and in separate rows data for 30 year old females of all individual 

ethnicities (called lower strata in remainder of description). Note: the process previously described to 

manage ‘not elsewhere included’ was undertaken before this step so additional ‘not elsewhere 

included’ individuals were already distributed at both the upper and lower strata levels. 

Step 1. If there are no missing values, skip process and move onto next upper/lower strata pairing. 

Step 2. Subtract upper strata value from sum of known lower strata values. In some rare cases, due to 

the rounding, this was not possible as the calculated value was negative, i.e. the subtotal of the known 

values in the sub-strata was greater than the total in the strata above. In these cases the value was set 

to 0.  

Step 3. If a single value from the lower strata is the value from step 2 is assigned to the missing value, 

process ends. If 2 or more values are missing move onto step 4. 

Step 4. Draw random values from a 0-1 uniform distribution and sum the values. Assign the value 

from step 2 proportionally to the missing values, following by rounding to provide whole 

‘individuals’. 

Following the process above, which was conducted at the outset of the development, only the lowest 

strata was used. If an aggregated value (e.g. all 30-year old females) is was recreated by summing the 

lowest level data to ensure internal consistency.  

 

Supplement 3. Imputation process description 

The synthetic population was divided into sub-populations consisting of ten-year age groups between 

30 and 80 and a final group up to 85. The data was again divided on the basis of age to create 12 

separate populations to be imputed. The PREDICT data was similarly divided into 12 subpopulations, 

to prevent any edge conditions and ensure trends where accurately imputed, the age range was 

extended 10 years below the bottom of the age range used for the synthetic population and 20 years 

above the maximum. 

The individual sub-populations were then imputed, a single complete imputation extracted and then 

merged to form a dataset that contained all individuals. Finally, the PREDICT portion of the appended 

data was removed leaving only the synthetic data. In this way the synthetic population was consistent 

with PREDICT data as well as preserving the relationships between the existing (age, sex, ethnicity, 

diabetes and smoking) variables. Multiple imputation has been used before to generate synthetic 
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populations using individual level (also known as micro-level) data (106) as well as to analyse CVD 

data in which there were missing variables (107).  

The R package MICE (98) was used for the multiple imputation. It is based on the idea of chaining 

variables and developing realistic values for data that are missing. The basis of multiple imputation 

has been explored in detail elsewhere (99, 100) however it is briefly described here. Under a fully 

conditional specification (FCS) method of multiple imputation (of which MICE is one) the 

relationship between variable is pre-specified and from this each variable has an imputation model 

developed. In this case it was on the basis of a minimum Pearson correlation of 0.1 ensuring that 

variables that have no relationship to the variable of interest aren’t used in the imputation model. 

The family of imputation models used in each instance is largely determined by the type of data being 

imputed; within this population a logistic regression method for the binary variables and a Bayesian 

linear regression was used for continuous data. A predictive mean matching method would have been 

used for the continuous variables however was found to be too computationally intensive for the 

volume of data being processed. An advantage of the predictive mean matching method is that it 

cannot provide a value that is not found in the original dataset, this is not the case for Bayesian linear 

regression method. To prevent biologically impossible outliers, values for the continuous data points 

were constrained to between the minimum and maximum values found in the VIEW dataset. These 

were 60 – 266 mmHg for systolic blood pressure and 1.058 – 30.1 for TC:HDL ratio. 

The process of multiple imputation starts with a value being imputed for each of the missing datum 

points. Following the process, a second iteration is undertaken where each datum point that was 

originally missing is iteratively re-imputed on the basis of the current data; which is made up of the 

data that was originally not missing and the data imputed in the first iteration. This cycle is repeated a 

number of times to ensure that the imputed data is consistent with both the original data and the newly 

imputed data. Within this population the number of iterations was set to 15 as this was recommended 

as a sufficient number of cycles to achieve convergence (98). To improve the quality of the imported 

variables, other related variables were also imputed, for example, diastolic blood pressure was 

imputed to improve the quality of the systolic blood pressure however was not reported on as it is not 

used in multivariable CVD risk prediction algorithms. 

 

Supplement 4. Blood pressure and TC:HDL ratio adjustment description 

 

Blood pressure adjustment method: 

For males: 

Step 1: 

Abs(70 – age) * 0.11  + existing systolic BP 

Step 2: 

If >=40 (age -40) * 0.18 + existing systolic BP 



49 

 

Step 3: 

If >=70 existing systolic BP - (age - 70) * 0.4  

 

For females: 

Step 1: 

Existing systolic BP - 3 

Step 2: 

If >=40 (age -40) * 0.1 + existing systolic BP 

Step 3: 

If >=70 existing (age - 70) * 0.2 + systolic BP 

 

TC:HDL ratio adjustment method 

For males: 

Step 1: 

Existing TC:HDL – 0.08 

Step 2: 

If age<=35, then;  

Existing TC:HDL + (Existing TC:HDL * (35 – age) * 0.01) 

 

For females: 

Step 1: 

If age<=45, then;  

Existing TC:HDL - (Existing TC:HDL * (45 – age) * 0.04) 

Step 2: 

If age>=45, then;  

Existing TC:HDL + (Existing TC:HDL * (age - 45) * 0.008) 

 

Supplement 5. Additional internal validation plots excluded from the main text. 

Fig. A Smoking percentage by age and gender 
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Fig. B smoking percentage by age, gender and ethnicity 

Fig. C smoking percentage by age, and New Zealand deprivation level 
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Fig. D Diabetes status by age, gender and ethnicity 

 

Fig. E History of CVD status by age and ethnicity 
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Fig. F Systolic blood pressure by age and gender (pre modification). 

 

Fig. G Total cholesterol to HDL ratio by age and gender (pre modification). 
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Fig. H Medication status by age and ethnicity where ‘European’ is included in ‘Other’ ethnicity 

 

Fig. I Familial history of premature cardiovascular disease 
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Chapter 3. A contemporary New Zealand population CVD risk profile 

derived from a synthetic national population  

Abstract 

Objective: The New Zealand Ministry of Health is currently updating New Zealand cardiovascular 

disease (CVD) risk management guidelines, now that new more accurate CVD risk prediction 

equations have been developed using contemporary New Zealand data. The objective of this study 

was to describe the distribution of CVD risk in the adult New Zealand population based on these new 

equations, to help inform the guideline development process. 

Methods: Using the New Zealand Modern Risk Equation (MNZRE), a 5-year CVD risk estimate was 

generated for each of the individuals in a previously developed synthetic population, representing the 

numbers and risk profiles of all New Zealanders aged 30 to 74 years in 2013. To allow for variation in 

population risk profiles, risk was estimated in 100 independently created populations and the output 

summarised in tables stratified by ethnicity, gender and age. 

Results: In the New Zealand population aged between 30 and 74 years, 93.7% were estimated to be at 

10% or lower risk of CVD over 5 years. Of the remaining 6.3% identified to be at higher risk, over 

half (3.8%) were considered to be at increased risk due to a prior CVD event. The remaining 2.5% of 

the population were CVD naïve, but were estimated to have a calculated risk of having a CVD event 

within the next 5 years of 10% or more. Established patterns of increasing risk with; older age, male 

gender and high-risk ethnicities were observed.  

Conclusions: Applying a newly developed CVD risk prediction equation to a synthetic national 

population representing the current CVD risk factor distributions of adult New Zealanders, indicates 

that the majority of the population aged 30 to 74 years is now at low CVD risk, with only a small 

minority of individuals in the risk range in which pharmaceutical interventions are currently 

recommended. The relatively small proportion of individuals who would be eligible for 

pharmaceutical intervention suggests that the recommended drug treatment thresholds may need to be 

reassessed by policy makers. 

Introduction 

Cardiovascular disease (CVD) remains a major cause of preventable mortality and morbidity in New 

Zealand (71) despite the progress in detection, diagnosis and treatment made over the last fifty years 

(108). The distribution of CVD risk and risk factors in the New Zealand population is currently not 

well established, primarily due to a lack of comprehensive national data. Wells, Broad and Jackson 

(109) estimated CVD prevalence and CVD risk distributions in the New Zealand population in a 2006 

paper based on data from an Auckland study undertaken in 1993. This paper has been used widely in 
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New Zealand research (110, 111) and for planning services, however there is clearly a need to update 

these data. Moreover, at the time of writing, there was no robust data available on the New Zealand 

population’s CVD risk profile stratified by ethnicity, despite there being well-described differences in 

CVD incidence and prevalence by ethnicity in New Zealand (112, 113). 

In the analyses presented in this Chapter, CVD risk was calculated using a modern locally-derived 

CVD risk prediction equation (MNZRE) applied to a recently developed  ‘synthetic’ New Zealand 

population representing the CVD risk profile in the New Zealand population (68). 

Methods 

Study population 

As described in Chapter 2, a synthetic population of 2,265,072 individuals was developed from a 

range of national and regional databases with the goal of producing a population that accurately 

represented the numbers and relevant characteristics of the New Zealand population, and ethnic sub-

populations, aged between 30 and 74 years of age. This is the age range that the Framingham 

investigators recommend their equations should be applied to. Each synthetic individual in the 

synthetic population had all the variables required to calculate an individual’s 5-year CVD risk using 

the MNZRE. These were gender, age, ethnicity, systolic blood pressure (SBP), TC/HDL ratio, a 

smoking status, prior personal history of CVD and familial history of premature CVD, a diabetes 

status, social deprivation score and whether they were prescribed blood pressure or lipid lowering 

drugs or neither. 

Estimating CVD risk 

The newly developed MNZRE is intended for use in individuals who are CVD naïve so all individuals 

in the synthetic population who were classified as having a history of CVD were allocated to a 

‘clinically high risk’ category, as recommended in national guidelines (55). The MNZRE was derived 

from a population aged 30 to 74 years and this dictated the aged range of the population assessed in 

this research. 

For each individual who did not have a prior history of CVD, a 5-year CVD risk was calculated based 

on the variables generated in the synthetic population. These risks were then categorised into risk 

categories that broadly corresponded to those described in the New Zealand primary care handbook 

guidelines for CVD risk assessment and management (55).  To allow for a more detailed stratification 

of the CVD risk, the two lower risk categories (10% or less and 10 to 20%) described in the 

guidelines were further subdivided, enabling all individuals in the synthetic population, without prior 

CVD, to be assigned to one of five risk categories. 

 5% or less, 

 >5% to 10%, 
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 >10% to 15%, 

 >15% to 20%, 

 >20% risk. 

To capture and allow for the degree of variability in the population, 100 separate synthetic 

populations were generated, and the 5-year CVD risk was estimated for each population. The 

averaged results for the 100 populations were summarised in tables presenting the mean number of 

people in each risk category, by ethnicity, age and gender. To simplify the presentation and enhance 

readability, the mean results were rounded to the nearest 10 unless there were fewer than 10 in a 

category. Unrounded data along with the standard deviations associated with the mean values can be 

found in the supplementary appendices allowing for the quantification of heterogeneity in the 

populations. 

The population was divided into the six prioritised ethnicities consistent with the 2013 census; the 

three ethnic groups identified as being at high CVD risk by the current New Zealand guidelines 

(Māori, Pacific and South Asian), plus Chinese, Other Asian and ‘Other’. The ‘Other’ ethnicity, as 

determined by the MNZRE, is named ‘European and other’ to reflect the fact that it is almost entirely 

(98.7%) composed of individuals who identified as European. The populations were further 

subdivided by gender and 5-year age group. 

All statistical work was undertaken using the R statistical programme (114) 

Results 

The CVD risk profile of the New Zealand population between the ages 30 and 74 years (Table 3.1) 

showed that the vast majority of individuals had predicted five-year risks of CVD less than 10%, as 

assessed by the new MNZRE, and were below the recommend threshold for consideration of 

medication based on pre-2018 guidelines. Of this population, 96.6% of females and 89.4% of males 

would be considered low risk based on the current definition of less than 10% predicted CVD risk 

over 5 years and without a history of prior CVD. The majority of these individuals fell below 5% risk, 

with approximately 1.8 million, of the 2.3 million in the synthetic population, assessed at or below 5% 

risk over 5 years. Approximately 155,000 individuals between the ages of 30 and 75 years were 

estimated to either have had a prior CVD event or to have a predicted CVD risk of greater than 10% 

over the next 5 years, which constituted only 6.8% of the population. Of this at-risk population, the 

largest percentage were those who had had a prior CVD event (5.9% of males and 2.5% of females). 

Virtually all individuals of both genders within the younger age brackets were assessed as low risk, 

with 99.7% of females and 99.6% of males having a five-year risk less than 10% in the 30-35 year-old 

age bracket. In the oldest age group (>=70 to <75 years of age), 83% of females were still considered 

to be low risk (<10% over 5 years) while only 51% of males were low risk. 
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Ethnic groups identified as high risk (Māori, Pacific Island and South Asian) in New Zealand CVD 

risk assessment and management guidelines were at increased risk compared to other ethnic groups 

(Tables 3.2-3.4). This was particularly noticeable in the older age groups. Māori males in the 70-74 

year age bracket were far more likely to be at in the very high-risk group of >20% 5-year risk, 

(11.6%) than the total population (2%) and a similar pattern was observed for Pacific and South Asian 

men. In comparison Chinese and Other Asian ethnic groups (Tables 3.5 and 3.6), were at very low 

risk Chinese people in particular were at low risk with 99.1% of females and 95.6% of males aged 30-

74 years, assessed at less than 5% risk. 
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Age group Gender 

Prior CVD 
> 20% 

5 year risk 

> 15 and <=20% 

5 year risk 

> 10 and <=15% 

5 year risk 

> 5 and <=10%    

 5 year risk 
<= 5%year risk 

Low risk 

population* 

Mean 
Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean Row % Mean 

Row 

% 

Row % 

>=30 & 

<35 

Females 340 0.3% 0 0.0% 0 0.0% 3 0.0% 60 0.0% 134,050 99.7% 99.7% 

Males 440 0.4% 0 0.0% 1 0.0% 8 0.0% 300 0.2% 121,040 99.4% 99.6% 

>=35 & 

<40 

Females 520 0.4% 0 0.0% 1 0.0% 10 0.0% 180 0.1% 140,260 99.5% 99.6% 

Males 740 0.6% 0 0.0% 3 0.0% 40 0.0% 1,040 0.8% 124,220 98.6% 99.4% 

>=40 & 

<45 

Females 1,030 0.6% 1 0.0% 3 0.0% 30 0.0% 550 0.3% 159,900 99.0% 99.3% 

Males 1,920 1.3% 2 0.0% 20 0.0% 180 0.1% 3,530 2.5% 138,110 96.1% 98.6% 

>=45 & 

<50 

Females 1,670 1.1% 3 0.0% 20 0.0% 130 0.1% 1,660 1.1% 153,760 97.8% 98.9% 

Males 3,800 2.6% 10 0.0% 80 0.1% 650 0.5% 8,980 6.2% 130,420 90.6% 96.8% 

>=50 & 

<55 

Females 2,800 1.8% 8 0.0% 50 0.0% 350 0.2% 4,030 2.6% 147,930 95.3% 97.9% 

Males 6,720 4.7% 60 0.0% 280 0.2% 1,830 1.3% 18,770 13.0% 116,510 80.8% 93.8% 

>=55 & 

<60 

Females 3,770 2.8% 20 0.0% 120 0.1% 780 0.6% 7,120 5.3% 121,850 91.2% 96.5% 

Males 9,400 7.5% 200 0.2% 730 0.6% 3,860 3.1% 29,840 23.7% 81,650 65.0% 88.7% 

>=60 & 

<65 

Females 4,960 4.2% 40 0.0% 230 0.2% 1,380 1.2% 11,440 9.6% 100,640 84.8% 94.4% 

Males 12,030 10.6% 420 0.4% 1,410 1.2% 7,050 6.2% 45,170 39.8% 47,360 41.7% 81.5% 

>=65 & 

<70 

Females 6,540 6.5% 100 0.1% 460 0.5% 2,080 2.1% 17,050 17.0% 73,820 73.8% 90.8% 

Males 14,260 15.0% 890 0.9% 2,500 2.6% 11,010 11.6% 50,420 53.0% 16,030 16.9% 69.9% 
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>=70 & 

<75 

Females 7,740 10.0% 240 0.3% 660 0.8% 3,300 4.2% 26,710 34.3% 39,130 50.3% 84.6% 

Males 14,760 20.6% 1,440 2.0% 3,720 5.2% 15,140 21.1% 34,960 48.8% 1,580 2.2% 51.0% 

Total 
Females 29,367 2.5 410 0 1,547 0.1 8,056 0.7 68,801 5.8 1,071,352 90.8 96.6 

Males 64,058 5.9 3,033 0.3 8,747 0.8 39,779 3.7 193,008 17.8 776,913 71.6 89.4 

Table 3.1 CVD risk profiles of all New Zealanders aged 30-74 years, by age and gender 

* individuals with 10% or lower 5-year risk were not eligible for medication under pre-2018 guidelines  

 

Age group Gender 

Prior CVD 
> 20% 

5 year risk 

> 15 and <=20% 

5 year risk 

> 10 and <=15% 

5 year risk 

> 5 and <=10%      

5year risk 
<= 5%year risk 

Low risk 

population* 

Mean 
Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean Row % Mean 

Row 

% 

Row % 

>=30 & 

<35 

Females 70 0.3% 0 0.0% 0 0.0% 2 0.0% 40 0.2% 20,000 99.4% 99.6% 

Males 110 0.6% 0 0.0% 0 0.0% 4 0.0% 160 0.9% 16,410 98.4% 99.3% 

>=35 & 

<40 

Females 110 0.5% 0 0.0% 1 0.0% 7 0.0% 120 0.6% 20,510 98.8% 99.4% 

Males 160 0.9% 0 0.0% 2 0.0% 20 0.1% 510 2.9% 16,680 96.1% 99.0% 

>=40 & 

<45 

Females 310 1.4% 1 0.0% 3 0.0% 20 0.1% 380 1.7% 21,060 96.7% 98.4% 

Males 370 2.0% 1 0.0% 9 0.0% 90 0.5% 1,520 8.2% 16,600 89.3% 97.5% 

>=45 & 

<50 

Females 480 2.4% 2 0.0% 10 0.1% 100 0.5% 1,130 5.7% 18,080 91.3% 97.0% 

Males 640 3.7% 7 0.0% 40 0.2% 310 1.8% 3,270 18.8% 13,120 75.5% 94.3% 

>=50 & 

<55 

Females 720 3.8% 7 0.0% 40 0.2% 270 1.4% 2,690 14.3% 15,080 80.2% 94.5% 

Males 1,100 6.8% 30 0.2% 140 0.8% 810 5.0% 5,410 33.3% 8,770 54.0% 87.3% 

Females 950 6.6% 20 0.1% 100 0.7% 590 4.1% 3,930 27.4% 8,750 61.0% 88.4% 
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>=55 & 

<60 
Males 

1,190 9.7% 100 0.8% 310 2.5% 1,400 11.4% 5,690 46.2% 3,630 29.4% 75.6% 

>=60 & 

<65 

Females 1,000 9.3% 30 0.3% 190 1.8% 1,030 9.6% 4,470 41.6% 4,010 37.4% 79.0% 

Males 1,170 12.4% 190 2.0% 550 5.8% 1,980 20.8% 4,710 49.6% 910 9.5% 59.1% 

>=65 & 

<70 

Females 960 13.2% 90 1.2% 380 5.2% 1,250 17.3% 3,730 51.4% 850 11.7% 63.1% 

Males 1,060 16.5% 350 5.5% 770 12.0% 1,960 30.4% 2,200 34.3% 80 1.2% 35.5% 

>=70 & 

<75 

Females 880 16.8% 210 4.0% 490 9.4% 1,400 26.9% 2,190 42.1% 40 0.8% 42.9% 

Males 910 20.5% 520 11.6% 860 19.3% 1,520 34.1% 650 14.5% 1 0.0% 14.5% 

Total 
Females 5,470 3.9 361 0.3 1,215 0.9 4,673 3.4 18,688 13.5 108,387 78.1 91.6 

Males 6,721 5.6 1,192 1 2,686 2.3 8,083 6.8 24,100 20.3 76,190 64 84.3 

Table 3.2 CVD risk profiles of Māori aged 30-74 years, by age and gender 

* individuals with 10% or lower 5-year risk were not eligible for medication under pre-2018 guidelines 

 

Age group Gender 

Prior CVD 
> 20% 

5 year risk 

> 15 and <=20% 

5 year risk 

> 10 and <=15% 

5 year risk 

> 5 and <=10% 5 

year risk 
<= 5%year risk 

Low risk 

population* 

Mean 
Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean Row % Mean 

Row 

% 

Row % 

>=30 & 

<35 

Females 40 0.5% 0 0.0% 0 0.0% 1 0.0% 10 0.1% 8,730 99.3% 99.4% 

Males 60 0.7% 0 0.0% 0 0.0% 2 0.0% 60 0.7% 8,110 98.6% 99.3% 

>=35 & 

<40 

Females 60 0.7% 0 0.0% 0 0.0% 2 0.0% 40 0.5% 8,500 98.8% 99.3% 

Males 90 1.1% 0 0.0% 1 0.0% 8 0.1% 190 2.3% 7,730 96.4% 98.7% 

Females 110 1.3% 0 0.0% 1 0.0% 8 0.1% 120 1.4% 8,560 97.2% 98.6% 
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>=40 & 

<45 
Males 

230 2.8% 0 0.0% 4 0.0% 40 0.5% 590 7.2% 7,270 89.5% 96.7% 

>=45 & 

<50 

Females 160 2.0% 0 0.0% 3 0.0% 30 0.3% 350 4.2% 7,750 93.4% 97.6% 

Males 360 4.7% 3 0.0% 20 0.3% 150 2.0% 1,380 18.3% 5,630 74.7% 93.0% 

>=50 & 

<55 

Females 260 3.8% 1 0.0% 8 0.1% 60 0.9% 670 9.9% 5,750 85.2% 95.1% 

Males 500 8.1% 10 0.2% 70 1.1% 350 5.7% 2,020 32.9% 3,190 52.0% 84.9% 

>=55 & 

<60 

Females 320 6.5% 3 0.1% 20 0.4% 130 2.7% 1,100 22.0% 3,430 68.4% 90.4% 

Males 620 12.9% 50 1.1% 170 3.5% 650 13.6% 2,100 43.9% 1,200 25.1% 69.0% 

>=60 & 

<65 

Females 360 8.7% 4 0.1% 40 0.9% 200 4.9% 1,590 39.1% 1,890 46.3% 85.4% 

Males 660 16.9% 100 2.7% 280 7.2% 910 23.2% 1,670 42.8% 280 7.3% 50.1% 

>=65 & 

<70 

Females 390 13.7% 10 0.4% 70 2.3% 280 9.9% 1,620 56.5% 490 17.2% 73.7% 

Males 590 22.4% 210 7.9% 380 14.4% 790 30.0% 650 24.6% 20 0.8% 25.4% 

>=70 & 

<75 

Females 340 16.2% 30 1.2% 80 3.9% 380 18.3% 1,200 57.7% 60 2.8% 60.5% 

Males 460 26.9% 250 14.8% 380 22.4% 470 27.5% 140 8.5% 0 0.0% 8.5% 

Total 
Females 2,047 3.7 44 0.1 214 0.4 1,095 2 6,702 12.1 45,165 81.7 93.8 

Males 3,541 6.9 628 1.2 1,291 2.5 3,352 6.6 8,790 17.2 33,428 65.5 82.7 

Table 3.3 CVD risk profiles of Pacific people aged 30-74 years, by age and gender 

* individuals with 10% or lower 5-year risk were not eligible for medication under pre-2018 guidelines  

Age group Gender 

Prior CVD 
> 20% 

5 year risk 

> 15 and <=20% 

5 year risk 

> 10 and <=15% 

5 year risk 

> 5 and <=10% 5 

year risk 
<= 5%year risk 

Low risk 

population* 

Mean 
Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean Row % Mean 

Row 

% 

Row % 

Females 9 0.1% 0 0.0% 0 0.0% 0 0.0% 1 0.0% 8,310 99.9% 99.9% 
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>=30 & 

<35 
Males 

20 0.2% 0 0.0% 0 0.0% 1 0.0% 40 0.4% 8,570 99.4% 99.8% 

>=35 & 

<40 

Females 9 0.1% 0 0.0% 0 0.0% 0 0.0% 2 0.0% 6,360 99.8% 99.8% 

Males 40 0.6% 0 0.0% 0 0.0% 5 0.1% 130 2.0% 6,490 97.3% 99.3% 

>=40 & 

<45 

Females 20 0.3% 0 0.0% 0 0.0% 0 0.0% 6 0.1% 5,540 99.6% 99.7% 

Males 120 2.1% 0 0.0% 3 0.1% 30 0.5% 430 7.5% 5,070 89.8% 97.3% 

>=45 & 

<50 

Females 60 1.2% 0 0.0% 0 0.0% 1 0.0% 30 0.6% 4,840 98.2% 98.8% 

Males 260 5.2% 3 0.1% 10 0.3% 100 2.0% 940 18.8% 3,680 73.7% 92.5% 

>=50 & 

<55 

Females 80 1.9% 0 0.0% 0 0.0% 4 0.1% 110 2.6% 4,000 95.4% 98.0% 

Males 400 9.2% 10 0.3% 50 1.1% 250 5.7% 1,450 33.5% 2,180 50.2% 83.7% 

>=55 & 

<60 

Females 100 2.9% 0 0.0% 1 0.0% 10 0.4% 290 8.8% 2,920 87.8% 96.6% 

Males 510 15.2% 40 1.2% 110 3.4% 460 13.7% 1,480 44.3% 740 22.2% 66.5% 

>=60 & 

<65 

Females 150 6.2% 0 0.0% 4 0.2% 30 1.3% 530 21.5% 1,750 70.8% 92.3% 

Males 460 18.9% 70 3.1% 180 7.5% 560 23.3% 1,010 41.9% 130 5.4% 47.3% 

>=65 & 

<70 

Females 210 12.6% 0 0.0% 9 0.5% 60 3.2% 740 43.7% 680 39.9% 83.6% 

Males 440 26.9% 130 7.9% 240 14.6% 470 28.4% 360 21.8% 7 0.4% 22.2% 

>=70 & 

<75 

Females 180 16.2% 4 0.4% 30 2.4% 100 9.0% 680 62.2% 110 9.8% 72.0% 

Males 350 31.9% 200 18.6% 240 21.5% 250 22.8% 60 5.2% 0 0.0% 5.2% 

Total 
Females 818 2.2 5 0 40 0.1 204 0.5 2398 6.3 34505 90.9 97.2 

Males 2584 6.7 461 1.2 833 2.2 2114 5.5 5886 15.2 26859 69.3 84.5 

Table 3.4 CVD risk profiles of South Asian people aged 30-74 years, by age and gender 

* individuals with 10% or lower 5-year risk were not eligible for medication under pre-2018 guidelines  
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Age group Gender 

Prior CVD 
> 20% 

5 year risk 

> 15 and <=20% 

5 year risk 

> 10 and <=15% 

5 year risk 

> 5 and <=10% 5 

year risk 
<= 5%year risk 

Low risk 

population* 

Mean 
Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean Row % Mean 

Row 

% 

Row % 

>=30 & 

<35 

Females 8 0.1% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 9,450 99.9% 99.9% 

Males 10 0.1% 0 0.0% 0 0.0% 0 0.0% 1 0.0% 8,300 99.9% 99.9% 

>=35 & 

<40 

Females 4 0.1% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 5,510 99.9% 99.9% 

Males 4 0.1% 0 0.0% 0 0.0% 0 0.0% 2 0.0% 4,050 99.9% 99.9% 

>=40 & 

<45 

Females 7 0.1% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 6,620 99.9% 99.9% 

Males 20 0.5% 0 0.0% 0 0.0% 0 0.0% 20 0.4% 4,190 99.1% 99.5% 

>=45 & 

<50 

Females 20 0.3% 0 0.0% 0 0.0% 0 0.0% 1 0.0% 6,430 99.7% 99.7% 

Males 30 0.7% 0 0.0% 0 0.0% 2 0.0% 90 1.7% 4,860 97.6% 99.3% 

>=50 & 

<55 

Females 20 0.4% 0 0.0% 0 0.0% 0 0.0% 5 0.1% 5,600 99.6% 99.7% 

Males 60 1.4% 0 0.0% 0 0.0% 7 0.2% 250 5.6% 4,030 92.8% 98.4% 

>=55 & 

<60 

Females 50 0.8% 0 0.0% 0 0.0% 1 0.0% 30 0.4% 5,600 98.7% 99.1% 

Males 100 2.3% 0 0.0% 2 0.0% 30 0.7% 620 15.0% 3,380 81.9% 96.9% 

>=60 & 

<65 

Females 50 1.3% 0 0.0% 0 0.0% 1 0.0% 80 2.0% 4,000 96.7% 98.7% 

Males 140 3.9% 2 0.1% 10 0.3% 120 3.2% 1,250 34.9% 2,060 57.5% 92.4% 

>=65 & 

<70 

Females 90 3.1% 0 0.0% 0 0.0% 9 0.3% 230 8.5% 2,380 88.0% 96.5% 

Males 140 5.8% 5 0.2% 30 1.2% 200 8.5% 1,310 56.3% 650 27.9% 84.2% 

>=70 & 

<75 

Females 130 6.1% 0 0.0% 1 0.0% 30 1.4% 540 25.6% 1,410 66.9% 92.5% 

Males 200 10.5% 20 1.1% 90 4.7% 430 22.2% 1,110 57.7% 70 3.9% 61.6% 
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Total 
Females 369 0.8 0 0 2 0 41 0.1 882 1.8 46991 97.3 99.1 

Males 704 1.9 28 0.1 134 0.4 777 2.1 4638 12.2 31598 83.4 95.6 

Table 3.5 CVD risk profiles of Chinese people aged 30-74 years, by age and gender 

* individuals with 10% or lower 5-year risk were not eligible for medication under pre-2018 guidelines 

 

Age group Gender 

Prior CVD 
> 20% 

5 year ris 

> 15 and <=20% 

5 year risk 

> 10 and <=15% 

5 year risk 

> 5 and <=10% 5 

year risk 
<= 5%year risk 

Low risk 

population* 

Mean 
Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean Row % Mean 

Row 

% 

Row % 

>=30 & 

<35 

Females 9 0.1% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 7,820 99.9% 99.9% 

Males 8 0.1% 0 0.0% 0 0.0% 0 0.0% 2 0.0% 6,010 99.8% 99.8% 

>=35 & 

<40 

Females 10 0.1% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 7,770 99.9% 99.9% 

Males 20 0.3% 0 0.0% 0 0.0% 0 0.0% 9 0.2% 5,500 99.5% 99.7% 

>=40 & 

<45 

Females 20 0.2% 0 0.0% 0 0.0% 0 0.0% 1 0.0% 8,080 99.8% 99.8% 

Males 40 0.8% 0 0.0% 0 0.0% 1 0.0% 40 0.8% 5,300 98.4% 99.2% 

>=45 & 

<50 

Females 30 0.5% 0 0.0% 0 0.0% 0 0.0% 4 0.1% 6,830 99.5% 99.6% 

Males 80 1.7% 0 0.0% 0 0.0% 5 0.1% 150 3.3% 4,260 94.9% 98.2% 

>=50 & 

<55 

Females 50 0.9% 0 0.0% 0 0.0% 0 0.0% 10 0.3% 5,530 98.9% 99.2% 

Males 150 3.8% 0 0.0% 2 0.1% 20 0.6% 380 9.9% 3,230 85.6% 95.5% 

>=55 & 

<60 

Females 40 1.2% 0 0.0% 0 0.0% 1 0.0% 50 1.3% 3,510 97.4% 98.7% 

Males 160 6.3% 1 0.0% 5 0.2% 50 1.8% 560 22.3% 1,740 69.3% 91.6% 

>=60 & 

<65 

Females 50 2.6% 0 0.0% 0 0.0% 4 0.2% 110 5.3% 1,890 91.9% 97.2% 

Males 170 11.1% 2 0.1% 10 0.8% 90 5.6% 620 40.3% 650 42.1% 82.4% 
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>=65 & 

<70 

Females 50 4.9% 0 0.0% 0 0.0% 20 1.4% 180 17.4% 800 76.2% 93.6% 

Males 130 13.8% 6 0.7% 30 3.1% 130 13.8% 450 49.9% 170 18.7% 68.6% 

>=70 & 

<75 

Females 60 11.0% 0 0.0% 3 0.5% 40 6.6% 210 37.5% 250 44.4% 81.9% 

Males 70 18.9% 10 3.6% 40 9.3% 100 26.1% 150 39.5% 10 2.6% 42.1% 

Total 
Females 327 0.8 0 0 3 0 58 0.1 573 1.3 42480 97.8 99.1 

Males 818 2.7 22 0.1 82 0.3 387 1.3 2366 7.7 26860 88 95.7 

Table 3.6.  CVD risk profiles of ‘Other Asian’ people aged 30-74 years, by age and gender 

* individuals with 10% or lower 5-year risk were not eligible for medication under pre-2018 guidelines 

 

Age group Gender 

Prior CVD 
> 20% 

5 year risk 

> 15 and <=20% 

5 year risk 

> 10 and <=15% 

5 year risk 

> 5 and <=10% 5 

year risk 
<= 5%year risk 

Low risk 

population* 

Mean 
Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean 

Row 

% 
Mean Row % Mean 

Row 

% 

Row % 

>=30 & 

<35 

Females 200 0.3% 0 0.0% 0 0.0% 0 0.0% 4 0.0% 79,740 99.7% 99.7% 

Males 240 0.3% 0 0.0% 0 0.0% 1 0.0% 50 0.1% 73,650 99.6% 99.7% 

>=35 & 

<40 

Females 320 0.3% 0 0.0% 0 0.0% 0 0.0% 10 0.0% 91,620 99.6% 99.6% 

Males 430 0.5% 0 0.0% 0 0.0% 3 0.0% 200 0.2% 83,780 99.2% 99.4% 

>=40 & 

<45 

Females 560 0.5% 0 0.0% 0 0.0% 1 0.0% 40 0.0% 110,040 99.5% 99.5% 

Males 1,140 1.1% 0 0.0% 1 0.0% 20 0.0% 940 0.9% 99,670 97.9% 98.8% 

>=45 & 

<50 

Females 920 0.8% 0 0.0% 0 0.0% 3 0.0% 140 0.1% 109,840 99.0% 99.1% 

Males 2,430 2.3% 1 0.0% 6 0.0% 100 0.1% 3,160 3.0% 98,880 94.6% 97.6% 

Females 1,680 1.5% 0 0.0% 0 0.0% 10 0.0% 540 0.5% 111,970 98.0% 98.5% 
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>=50 & 

<55 
Males 

4,510 4.1% 3 0.0% 30 0.0% 400 0.4% 9,270 8.5% 95,120 87.0% 95.5% 

>=55 & 

<60 

Females 2,310 2.3% 0 0.0% 1 0.0% 40 0.0% 1,720 1.7% 97,630 96.0% 97.7% 

Males 6,830 6.9% 20 0.0% 120 0.1% 1,270 1.3% 19,390 19.7% 70,950 72.0% 91.7% 

>=60 & 

<65 

Females 3,350 3.5% 0 0.0% 2 0.0% 120 0.1% 4,660 4.9% 87,090 91.5% 96.4% 

Males 9,420 10.2% 60 0.1% 380 0.4% 3,410 3.7% 35,920 38.8% 43,340 46.8% 85.6% 

>=65 & 

<70 

Females 4,840 5.7% 0 0.0% 10 0.0% 460 0.5% 10,550 12.5% 68,620 81.2% 93.7% 

Males 11,910 14.7% 190 0.2% 1,060 1.3% 7,480 9.2% 45,450 56.0% 15,100 18.6% 74.6% 

>=70 & 

<75 

Females 6,170 9.2% 0 0.0% 60 0.1% 1,350 2.0% 21,890 32.8% 37,270 55.8% 88.6% 

Males 12,770 20.6% 440 0.7% 2,130 3.4% 12,390 20.0% 32,850 52.9% 1,500 2.4% 55.3% 

Total 
Females 20,336 2.4 0 0 73 0 1,986 0.2 39,560 4.6 793,824 92.8 97.4 

Males 49,690 6.1 701 0.1 3,721 0.5 25,066 3.1 147,229 18.2 581,978 72 90.2 

Table 3.7 CVD risk profiles of ‘European and other’ people aged 30-74 years, by age and gender 

* individuals with 10% or lower 5-year risk were not eligible for medication under pre-2018 guidelines  
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As would be expected, given their large numbers, the CVD risk profile of ‘European and Other’ 

population (Table 3.7) resembled the overall population risk profile (Table 3.1). They represented a 

middle level of risk, with their average distribution of risk being lower than that of the Māori, Pacific 

and South Asian populations, but slightly higher than that of the Chinese and ‘Other Asian’ 

populations.

Ethnicity 

Age at which 10% of the female 

population is at greater than 10% 

5-year CVD risk 

Age at which 10% of the male 

population is at greater than 10% 

5-year CVD risk 

Māori 56 51 

Pacific 57 50 

South Asian 64 50 

Chinese >74 64 

Other Asian 69 58 

Euro/other 72 60 

Table 3.9. Age (in years) at which greater than 10% of the population aged 30-74 years is at 

greater than 10% 5-year CVD risk. 

Difference in risk by gender and ethnicity are also illustrated in Table 3.9, which presents the age at 

which greater than 10% of the population was considered to be at increased risk (greater than 10% 

risk of CVD over 5-year or had a history of CVD). In all ethnic groups, females were at lower average 

risk than males as indicated by the older age at which the sub-population had 10% of the population at 

increased risk. For Chinese females less than 10% of the population was at increased risk at upper age 

boundary of the data indicating a low level of risk even in the older age ranges. 

Two broad groupings could be identified; for Māori, Pacific and South Asian males 10% of the 

population were estimated to be at increased risk at approximately the same age, between 50 and 51 

years, which was substantially younger than for the other ethnicities. Māori and Pacific females also 

had similar ages (56 and 57 years) at which 10% of the population was at increased risk whereas 

South Asian females reached the 10% threshold at age 64 years, a mid-point between the Māori and 

Pacific females and Chinese, Other Asian and European/Other females.  

Discussion 

Statement of principal findings 

The vast majority of the New Zealand population (93.2%) between the ages of 30 and 74 years were 

found to be at low risk of a CVD event over the next 5-year and would fall below the pre-2018 

guideline threshold for recommending individualised CVD preventive management. Of the 
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individuals who were considered to be at increased risk, the majority had a history of CVD rather than 

a high predicted CVD risk.  

The secondary prevention population was estimated to include approximately 93,500 (4.1%) people 

and was predominantly male (approximately 64,000). Approximately 61,500 (2.7%) additional people 

would meet the pre-2018 criteria for medication based on a predicted CVD risk of greater than 10%. 

Again, the majority were male (approximately 51,500). 

As has been reported previously, CVD risk was higher in Māori, Pacific and South Asian populations 

than in Europeans and was lower in Chinese and other Asians (112). As a consequence of different 

age structures of the populations, the average risk in different ethnic groups cannot be directly 

compared. An indirect measure of differences in risk was therefore calculated by estimating the age at 

which 10% of the population was considered to be eligible for medication based on having a 5-year 

CVD risk above 10% or having prior CVD. This measure demonstrated the large variation in risk by 

ethnicity with at least a 19-year gap between Māori and Chinese females. 

As stated above, most people had a predicted CVD risk below the pre-2018 risk threshold for 

medication of 10% 5-year risk (76). If this threshold was maintained and risk was calculated with the 

new MNZRE (rather than the previously recommended New Zealand Framingham equation) there 

would be a substantial reduction in the number of people medicated and a substantial increase in the 

mean age at which the average person would begin medication to reduce their risk. While the high 

risk populations are by definition more likely to have a CVD event, the vast weight of numbers in the 

lower risk (<=10%) groups means that this population would be expected to contribute the largest 

absolute number of new CVD cases; echoing the preventive paradox paradigm of Rose (115). 

Strengths and weaknesses of the study 

There were some limitations to this research. The primary one was that the findings were based on a 

synthetic population which was itself an extrapolation of risk data from a number of separate data 

sources. The benefit of using the synthetic population was that it provided a ‘complete’ CVD risk 

profile for all adult New Zealanders (68). 

The data provided in this chapter was not age standardised in order to allow for a direct comparison 

between the burden of risk between populations and regions for planning purposes. For this reason, 

the data for individual ethnicities has been presented alongside the total population data. The 

stratification by 5-year age groups means that a comparison between age groups is reasonable in the 

absence of age standardisation, however comparisons between the total risk in different ethnic groups 

should be done with care given the differences in age structure. 
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Strengths and weaknesses in relation to other studies, discussing particularly any differences in results 

Alternative data on the general CVD risk profile of New Zealanders are scarce. A commonly cited 

paper was published by Wells et al (109) but these data are now relatively old, having been based on  

an Auckland study undertaken in 1993 and designed to represent the 2006 New Zealand population. 

In addition there was insufficient data available in the current study to enable the candidate to stratify 

the analyses by ethnic group, so the risk estimates did not  allow for any ethnic comparisons. This is 

an acknowledged weakness as previous research in New Zealand has established differences in CVD 

risk between ethnic groups (112). 

The risk estimates presented in this Chapter were based on a newly developed CVD risk equation, the 

New Zealand Modern Risk Equation (MNZRE), which was derived in a large, recently collected, 

New Zealand cohort study  (97). This equation has been shown to more accurate that the NZ 

Framingham equation used in the Wells paper (supplement 6). 

Meaning of the study: implications for clinicians or policymakers 

The availability of a contemporary CVD risk prediction equation and the contemporary synthetic 

national population dataset provided the candidate with an opportunity to assess the likely impact of 

introducing a new CVD risk prediction equation on CVD risk assessment and management nationally. 

These implications are explored in further depth in the next Chapter 

Unanswered questions and future research 

Ultimately the goal is to replace the synthetic population with a ‘real’ New Zealand population 

through the use of national routinely collected data combined with risk screening data. This however 

will be an iterative and progressive process that will depend on the availability of relevant CVD risk 

factor measures on all or most New Zealand adults. 
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Supplementary information 

Supplement 1. Details of the MNZRE scores. 

The equations described here have not been published because updated equations derived from a 

cohort including an additional 200,000 people were under development at the time of these analyses 

and have only recently been published (57). Preliminary analyses show very little difference between 

these equations and updated equations, although the updated equations include several additional 

predictor variables. We have used the equations based on the 200,000-person cohort in these analyses 

because they include the same variables that are available in the synthetic population (10). 

The MNZRE used in these analyses is a Cox-based risk prediction equation developed by one of the 

authors (Romana Pylypchuk) based on over 200,000 people aged 30-74 years who were electronically 

assessed in routine primary care practice.  

The equation was developed to predict the CVD risk of individuals who were CVD naive at time of 

assessment, this necessitated the creation of the ‘Previous CVD’ group, who were ineligible for 

assessment, in the main analysis. The equation was validated for use in individuals between the ages 

on 35 and 74 years again the main synthetic analysis population has been similarly restricted to these 

age ranges. At the time of development these equations were validated against national level data and 

were found to have better predictive characteristics than the existing NZ Framingham equation 

(Supplementary figure 1). 
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Supplementary Figure 1. Calibration plots. Predicted vs observed 5-year risk for the new score(a) and 

current NZ Framingham equation (b) by decile of predicted risk and gender.  

An updated equation has recently been developed based on approximately 400,000 people 

representing almost 90% of the eligible population. It was uncertain if additional data would further 

refine the equation, however this updated score is very similar to the one used here and will go on to 

be the published version. 

The details of the equation were as follows: 

WOMEN 

Baseline survival function at 5 years: S0(5) = 0. 9861994353827 

Model 

βX = 0.3136209 (South Asian) + 0.516135 (Māori) + 0.3884411 (Pacific) + 0.1434599 (former 

smoker) + 0.7368083 (current smoker) + 0.1101273 (TC/HDL) + 0.06242 (deprivation quintile) + 

0.2631438 (on blood pressure lowering and on lipid lowering drugs) + 0.3299083 (on blood pressure 

lowering drugs only) + 0.131131 (on lipid lowering drugs only) + 0.0614367 (age) + 0.0147519 

(systolic blood pressure) + 0.5580395 (diabetes) + 0.0199561 (family history premature CVD) - 
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0.0006559 (interaction term: systolic blood pressure x age) - 0.020247 (interaction term: diabetes x 

age)  

5 year absolute CVD risk (%): R(t=5) = (1 - 0. 986199exp(βX)) x 100 

MEN 

Baseline survival at 5 years: S0(5) = 0.977169558198 

Model 

βX = 0.4800869 (South Asian) + 0.2459982 (Māori) + 0.2482295 (Pacific) + 0.1129559 (former 

smoker) + 0.5550896 (current smoker) + 0.1558341 (TC/HDL) + 0.0734897 (deprivation quintile) + 

0.2112904 (on blood pressure lowering and on lipid lowering drugs) + 0.1968083 (on blood pressure 

lowering drugs only) + 0.0288974 (on lipid lowering drugs only) + 0.0591462 (age) + 0.016863 

(systolic blood pressure) + 0.5350586 (diabetes) + 0.1707338 (family history premature CVD) - 

0.0005281 (interaction term: systolic blood pressure x age) - 0.0083191 (interaction term: diabetes x 

age) 

5-year absolute CVD risk (%): R(t=5) = (1 - 0. 0.97717exp(βX)) x 100 
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Chapter 4. Updated cardiovascular disease risk prediction equations 

would reduce the treatment eligible population by up to 80%: a 

simulation study of New Zealanders aged 30-74 years 

Abstract 

 
Background: Predicted cardiovascular disease (CVD) risk is increasingly used to inform clinical 

decisions on whether to initiate primary preventive pharmacotherapy. The CVD risk prediction 

equation used in New Zealand until 2018 was based on a 1991 Framingham Study equation. 

Assessment of a new equation developed in New Zealand, the Modern New Zealand Risk Equation 

(MNZRE) has shown that the Framingham-based equation significantly overestimates CVD risk. This 

study was designed to describe the impact that applying the new MNZRE, rather than the old 

Framingham-based equation, would have on the proportion of the New Zealand population eligible 

for considering preventive pharmacotherapy. 

Design: Synthetic modelling study 

Methods: Using a previously developed synthetic population representing the CVD risk profiles of 

adult New Zealanders, both the Framingham-based equation and the MNZRE were applied to all 

individuals aged 30 to 74 years and the two risk distributions were compared. 

Results: The introduction of the MNZRE would have a large impact on the proportion of individuals 

meeting pre-2018 thresholds (10% 5-year risk) for considering primary preventive pharmacotherapy. 

The medication eligible proportion of screened individuals using the Framingham-based equation was 

30.1% compared to 5.3% using the MNZRE, a reduction of approximately 80%. When a lower 

medication threshold (5% 5-year risk), recently recommended in New Zealand, was modelled, the 

eligible proportion increased to 69.5% for the Framingham equation and 27.5% for the MNZRE. 

Conclusions: This case study shows that the application of a late 20th century CVD risk equation in the 

contemporary New Zealand population would result in substantial over-treatment. However, if the 

MNZRE replaced the Framingham equation and the treatment threshold was lowered from a 10% to a 

5% 5-year predicted CVD risk, the proportion of the population eligible for treatment would remain 

relatively similar. As the incidence of CVD continues to decline in most high-income countries, there 

is a need to regularly update CVD risk equations and associated treatment thresholds.  
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Introduction 

New Zealand has been at the forefront of the implementation of CVD risk management guidelines 

based on predicted absolute CVD risk (116) and this approach is now standard practice in many 

countries (6, 117). Since 1992 successive New Zealand CVD risk management guidelines have 

recommended that general practitioners use a CVD risk prediction equation to assess the 5-year risk 

of CVD events in middle-aged and older patients, and that this predicted risk should be the major 

consideration in treatment decisions.  The risk prediction equation recommended in  New Zealand 

until 2018, known as the NZ Framingham equation, is a modified version (55) of a Framingham Heart 

Study equation published in 1991 (41). The original equation was developed using Framingham Heart 

Study risk factor data collected between 1968 and 1975 with up to 12 years of follow-up through to 

the late 1980s. As in other many high-income countries (118, 119), CVD event rates have fallen 

sharply in the US and New Zealand (120) changing the CVD risk environment where the equations 

are now applied. Hence there has been increasing concern that the currently recommended risk 

equation is no longer valid in contemporary populations. 

A modern New Zealand risk equation (MNZRE), has now been developed, derived in a 

contemporary multi-ethnic New Zealand cohort (97), and this new equation demonstrates that the 

previously recommended NZ Framingham equation now overestimates CVD risk by up to two-fold 

(Chapter 3, supplement 1). This study investigated the impact of replacing the NZ Framingham 

equation with the MNZRE, by applying both equations to a synthetic population representing the 

CVD risk profile of the contemporary adult New Zealand population. 

Methods 

A recently developed synthetic New Zealand population of 2,265,072 individuals aged 30-74 years, 

based on the actual numbers and demographic characteristics of the 2013 national census population, 

was used to estimate the national CVD risk profile of adult New Zealanders. The development and 

validation of this synthetic population has been described in detail elsewhere. (68) In summary, risk 

factor profiles were derived from a range of national and regional databases including a primary care 

cohort of over 200,000 New Zealanders (97). The data from these separate sources were then 

combined, using both Monte Carlo and imputations techniques where appropriate, to create a 

synthetic population with all the demographic and biological characteristics required to calculate their 

5-year CVD risk. The use of a realistic synthetic population allowed for estimation of both the 

absolute number of individuals and percentages of the population whose eligibility for risk lowering 

medication was affected by any changes in the risk prediction score used and in medication eligibility 

thresholds. Each individual in the synthetic population has a sex, age, ethnicity, social deprivation 

score, prior personal and family CVD history status, diabetes and smoking status, a systolic blood 

pressure (SBP), a lipid profile (TC:HDL ratio), and was able to be classified as taking both blood 
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pressure and lipid-lowering drugs, one of these drugs, or neither. These represented the key variables 

required to calculate an individual’s 5-year CVD risk using both the recently developed MNZRE and 

the older NZ Framingham risk prediction equation.  

The MNZRE was derived from the prospective PREDICT-CVD cohort study that automatically 

recruits participants when New Zealand general practitioners use PREDICT-CVD software (a 

Framingham-based CVD risk calculator with individualised management advice) in routine practice 

(97). Between 2002 and 2012, CVD risk factor profiles were measured on over 200,000 patients aged 

30 to 74 years without prior CVD events. The baseline data were linked to first CVD hospitalisations 

and CVD deaths up to 2012 and 5-year CVD risk prediction scores were developed using Cox 

regression-based risk prediction equation for men and women.  

The NZ Framingham equation and the MNZRE were intended for use in individuals with no prior 

CVD. Therefore, each individual in the synthetic population was assigned a yes/no prior CVD status 

during the population generation phase as described in Chapter 2. Those with prior CVD were 

automatically defined clinically as being at high risk in line with New Zealand guidelines and were 

therefore not risk assessed using either equation. Approximately 94,000 individuals or 4.1% of the 

original population were classified as having prior CVD.  

To allow for comparisons between the two equations, a 5-year risk was calculated for each of the 

individuals in the synthetic population, without prior CVD and aged 30 to 74 years, using both 

equations. The estimated risk was then categorised into risk strata commonly used to inform drug 

treatment decisions. To allow estimation of the proportion of the population below risk thresholds 

other than the pre-defined strata used in these analyses, a cumulative distribution function was plotted 

(Supplementary Figure 2). The process of generating the synthetic population has stochastic features, 

so there is variability between generated populations (68). To capture, and allow for the estimation of, 

the degree of variability inherent in the population development process, 100 separate populations 

were generated. The mean number of individuals in each risk category was calculated from the 100 

separate populations and this value was used to calculate the per row summary percentages. A table 

containing the standard deviations of the mean values is reported in Supplement Three allowing an 

estimate of the variance between populations.  

Current New Zealand guidelines recommend that CVD risk screening begins at 55 years of age for 

females and 45 years of age for males (55) in the general population, but for ethnic groups identified 

as being at increased risk of CVD (i.e. Māori, Pacific and South Asian populations), screening is 

recommended to commence ten years earlier than would otherwise be indicated. Pre-2018 guidelines 

recommended that patients with a predicted 5-year risk of between 10% and 20% using the NZ 

Framingham equation should be informed about the potential benefits and harms of blood pressure 

and lipid lowering medications and should consider taking one of either blood pressure-lowering or 
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lipid-lowering medications if their risk is between about 10-15% and both classes of drugs for risks 

above 15%. For patients with a predicted 5-year CVD risk of 20% or more, blood pressure lowering, 

lipid-lowering and anti-platelet drugs are all recommended. 2018 guidelines recommend using an 

updated version of the MNZRE to estimate risk and informed by earlier versions of the analyses 

reported here, have lowered treatment thresholds. 

No ethical approval was required for this research as the populations were solely synthetic and did not 

contain the data of any individual. Details of the ethics approvals for deriving the underlying synthetic 

populations can be found in the reference detailing the development and validation of the populations 

(68). All statistical work was undertaken using the R statistical programme (114). 

Results 

Overall levels of estimated 5-year CVD risk in New Zealanders age 30 to 74 years were much lower 

when calculated using the new equation compared to the NZ Framingham equation, as illustrated by 

the density plot in figure 4.1. The peak density was shifted to the left when using the MNZRE (red 

area) compared to the NZ Framingham equation (blue area). The peaks starting at 5% and 15% using 

the NZ Framingham equation are the result of several modifications made to the original Framingham 

equation for several New Zealand sub-population that allocate a 5% absolute increase in risk to high-

risk ethnic populations (Māori, Pacific and South Asian). In addition, patients with high levels of TC 

(≥8mmol/L), TC:HDL  (≥8), or systolic blood pressure (≥170mmHg) were classified as having a 5-

year risk of at least 15%.  
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Figure 4.1. Density plot of the 5-year absolute CVD risk estimates for a national synthetic 

population using the MNZRE (red), and the older NZ Framingham equation (blue). 

The differences in risk distributions based on the two equations are further illustrated in Table 1 

which shows the numbers and percentages of adult New Zealanders aged 30-74 years without prior 

CVD categorised by the two risk equations. Applying the new equation rather than the NZ 

Framingham equation resulted in substantial reductions in the numbers of people in all estimated risk 

categories except for the 5% or less category, which increased from 54% to 85% of the total 

population.  As a result, the percentage of the total population allocated to categories in which it was 

previously recommended that drug treatment be considered (i.e. 10% or more) fell from 16.7% using 

the NZ Framingham equation to 2.9% using the MNZRE, a difference of 13.8% or just over 300,000 

people. These proportions differed by gender; among males the proportion who met the treatment 

consideration criteria fell from approximately 26% to 5% and for women from 9% to just under 1%.  

Table 4.2 presents the equivalent risk assessment data to Table 4.1 in the subset of the population who 

meet current national CVD risk screening criteria (defined in the footnote to Table 4.2). Based on 

current national recommendations (55), just under 54% of all adult without prior CVD New 
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Zealanders aged 30-74 years would be considered eligible for screening. Of those eligible for 

screening, 95% were classified as low risk (<10%) using the MNZRE compared to 70% using the NZ 

Framingham equation. 

Table 4.3 reports the potential changes to the medication eligible population based on varying both 

the risk prediction method (NZ Framingham equation versus MNZRE) and the threshold at which 

medication should be considered (5% or 10% CVD risk over 5 years) while holding all other 

screening criteria (including age, gender and ethnicity criteria) constant. Based on the pre-2018 

recommended equation (NZ Framingham) and treatment consideration threshold (10%) 

approximately 30% of the screened population would be eligible for preventative medication. If the 

MNZRE was applied, the medication eligible population would reduce to 5.3%. If the threshold for 

considering medication was reduced to 5% risk over 5 years (as is now recommended), then the 

number of medication eligible people would increase to 69.5% of screened individuals using the NZ 

Framingham equation and 27.5% using the MNZRE. This latter percentage is similar to the pre-2018 

eligible population (30%) based on a 10% threshold using the NZ Framingham equation. 
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Population 
Risk equation 

used 

≥ 20% 5-year risk 15 to <20% 5-year risk 10 to <15% 5-year risk 5 to <10% 5-year risk ≤5% 5-year risk 

Number of 

individuals 
% of row 

Number of 

individuals 
% of row 

Number of 

individuals 
% of row 

Number of 

individuals 
% of row 

Number of 

individuals 
% of row 

All 

n= 

2,171,647 

NZ Framingham 54,686 2.5% 86,173 4.0% 221,977 10.2% 630,729 29.0% 1,178,082 54.2% 

MNZRE 3,443 0.2% 10,294 0.5% 47,835 2.2% 261,810 12.1% 1,848,265 85.1% 

Difference  -51,243 -2.4% -75,879 -3.5% -174,142 -8.0% -368,919 -17.0% 670,183 30.9% 

Men 

n= 

1,021,480 

NZ Framingham 44,122 4.3% 66,339 6.5% 151,411 14.8% 319,444 31.3% 440,164 43.1% 

MNZRE 3,033 0.3% 8,747 0.9% 39,779 3.9% 193,008 18.9% 776,913 76.1% 

Difference -41,089 -4.0% -57,592 -5.6% -111,632 -10.9% -126,436 -12.4% 336,749 33.0% 

Women 

n= 

1,150,167 

NZ Framingham 10,564 0.9% 19,834 1.7% 70,566 6.1% 311,285 27.1% 737,918 64.2% 

MNZRE 411 0.0% 1,547 0.1% 8,056 0.7% 68,801 6.0% 1,071,352 93.1% 

Difference -10,153 -0.9% -18,287 -1.6% -62,510 -5.4% -242,484 -21.1% 333,434 29.0% 

Table 4.1. Estimated 5-year CVD risk (%) for all New Zealanders aged 30 – 74 years of age without prior CVD, derived using the NZ 

Framingham equation and the MNZRE, stratified by sex  
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Screening 

eligibility 

status 

Risk equation 
used 

≥ 20% 5-year risk 15 to <20% 5-year risk 10 to <15% 5-year risk 5 to <10% 5-year risk ≤5% 5-year risk 

Number of 

individuals 
% of row 

Number of 

individuals 
% of row 

Number of 

individuals 
% of row 

Number of 

individuals 
% of row 

Number of 

individuals 
% of row 

Eligible 

n= 

1,164,604 

NZ Framingham 54,594 4.7 85,602 7.4 209,358 18 459,008 39.4 356,042 30.6 

MNZRE 3,442 0.3 10,287 0.9 47,742 4.1 258,800 22.2 844,333 72.5 

Not 

eligible 

n= 

1,007,043 

NZ Framingham 92 0 571 0.1 12,619 1.3 171,721 17.1 822,040 81.6 

MNZRE 1 0 7 0 93 0 3,010 0.3 1,003,932 99.7 

Table 4.2. Estimated 5-year CVD risk (%) for all New Zealanders aged 30 – 74 years of age without prior CVD, derived using the NZ Framingham 

equation and MNZRE, stratified by eligibility for routine CVD risk assessment. * Eligibility criteria based on current NZ guidelines; age greater than 

45 years for males and 55 years for females but 10 years earlier for Māori, Pacific and South Asian individuals and without a history of prior CVD.   
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5-year risk 
thresholds for 

considering 
medication  

Risk equation 
used 

Eligible for considering medication* Change in medication eligible individuals compared to pre-
2018 policy 

Count of screened 
population eligible for 

medication 

% of screened population 
eligible for medication  

Count change from currently 
eligible for medication 

%  change in volume of 
individuals eligible for 

medication† 

10% 
NZ Framingham 349,554 30.1 0 0% 

MNZRE 61,471 5.3 -288,083 -83.8% 

5% 
NZ Framingham 808,562 69.5 459,008 131.3% 

MNZRE 320,271 27.5 -29,283 -8.3% 

Table 4.3. The impact of different risk equation and risk thresholds on numbers and proportions of screened individuals eligible for considering 

medication. 

* Eligibility criteria based on current NZ guidelines; age greater than 45 years for males and 55 years for females but 10 years earlier for Māori, 

Pacific and Indo-Asian individuals. Individuals with a history of CVD are excluded from totals and calculations as they are automatically identified as 

high risk and therefore not screened.  

† This is calculated as a percentage change in the number of people eligible for consideration of medication compared to the current guidelines. For 

example, doubling of the number of eligible individuals (due to threshold and/or equation change) would be a reported as a 100% increase. 
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Discussion 

Updating the recommended New Zealand CVD risk prediction equation from one based on a late 20th 

century US cohort study, to a new equation derived in a large contemporary New Zealand multi-

ethnic cohort would have a major impact on the proportion of the population meeting guidelines for 

considering preventive pharmacotherapy. We quantified the effect of updating risk equations at a 

national level by developing a synthetic population reflecting the CVD risk profiles of the adult New 

Zealander population and applying old and new CVD risk prediction equations to every synthetic 

individual. Approximately 4% of New Zealanders aged 30-74 years have prior CVD and so are 

automatically recommended for preventive pharmacotherapy without further quantitative risk 

assessment. Of the remaining population who are eligible to be screened, (without prior CVD and on 

the basis of age, gender, and ethnicity set by national guidelines) just over 30% would meet or exceed 

the pre-2018 10% 5-year risk threshold for considering preventive pharmacotherapy, when risk was 

assessed using the NZ Framingham equation. If, however, risk was assessed using the new equation, 

only 5.3% would meet or exceed the 10% threshold, a decrease of approximately 80%. 

Recommended drug treatment thresholds in New Zealand have been conservative by international 

standards. Current UK NICE guidelines recommend statins above a predicted 10% 10-year CVD risk 

(as compared to the pre-2018 10% 5 year CVD risk recommended in New Zealand) (121). The 

American College of Cardiology/American Heart Association (ACC/AHA) guidelines recommend 

statins above a predicted 7.5% 10-year CVD risk (6) although they use a more restrictive definition of 

CVD than NICE. The underlying causes of the observed variation in thresholds is likely to be 

multifactorial however there has been limited direct study of the relative importance of the individual 

factors. Sources of variation likely to be important include; the method of risk assessment, the cost of 

medication at the time of assessment and the cost-effectiveness threshold applied in any cost 

effectiveness analysis undertaken. More stringent endpoint distinction, lower cost of medication and 

higher cost-effectiveness thresholds respectively are all likely to result in lower thresholds for 

medication. 

This study has demonstrated  that lowering the CVD risk threshold for considering medication in the 

New Zealand population to 5% over 5 years, which is more in-line with other international 

recommendations (6, 121), and using the new equations, would result in the total number of 

medication eligible individuals remaining approximately the same (27.5% vs 30.1%) as  using the NZ 

Framingham equation and a 10% medication threshold). In contrast, if the treatment threshold was 

reduced to 5% but the older Framingham-based equation was retained, the medication eligible 

population would more than double (27.1% vs 69.5%). 

In the tested scenarios, if either the risk equation or risk threshold were modified in isolation there 

would be a substantial change in the number of individuals eligible for medication. Given the rapidly 
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declining CVD incidence in most high and middle-income countries, CVD risk prediction equations 

will need to be updated on a regular basis to prevent overestimation of risk and therefore potential 

overtreatment.  In addition, the impact of treatment threshold recommendations on the proportions of 

a population who would be eligible for treatment should be regularly re-assessed.  

 The new equation applied in this study was derived in a contemporary cohort of over 200,000 New 

Zealanders aged 30 to 74 years (Chapter 3, supplement 1) and is well calibrated to the current New 

Zealand adult population. In contrast the Framingham equation that has been used in New Zealand to 

date, was derived from a US cohort followed between the late 1960s and early 1980s, and now 

significantly overestimates CVD risk in New Zealanders. Since the late 1960s CVD mortality rates 

have fallen by approximately 80% in New Zealand (120), Australia (122) and Finland (123) and by 

around 70% in the US (124) and has also fallen significantly in many other western countries (119).  

It is therefore not surprising that a late 20th century risk prediction equation would be poorly 

calibrated in the New Zealand population today. While falling risk factor levels are partially 

accounted for in risk prediction equations, other risk factor changes are not (e.g. reduced exposure to 

second hand smoke and a wide range of dietary changes). Recent studies have attempted to attribute 

the decline in mortality to changes in the risk factor distributions of populations however 

approximately a quarter or more of the decline cannot explained by the alteration of standard risk 

factors (125) supporting the need for updated equations based on recent data. 

Recent international studies have also demonstrated that older risk prediction equations overestimate 

CVD risk in more contemporary populations (77, 78). In countries with low treatment thresholds and 

older risk equations, this may have resulted in some very low risk patients meeting drug treatment 

criteria. While UK guidelines recommend using the regularly updated and validated QRISK equations 

that are based on a very large and representative primary care population (121), US guidelines 

recommend using equations mainly based on older cohort study data (126) and several validation 

studies (126-128) suggest that the new US equations overestimate risk. Therefore, in the US, it is 

likely that some low risk patients are being inappropriately considered for blood pressure or lipid-

lowering drug treatment. While most medications that lower the risk of CVD are now very cheap and 

have few significant side effects, there are people who do experience important adverse events. There 

is also a moral imperative to provide patients with accurate estimation of their risk to enable genuine 

informed consent. 

The updating and validation of risk equations should be undertaken alongside the development of new 

guidelines. These may also need to consider such issues as explaining to patients the expected net 

“life-years” gained from taking preventive pharmacotherapy, potential co-benefits of medication 

(such as aspirin on cancer risk (129)) and also the general reluctance of the population to take daily 

medications (130). While the findings described in this Chapter are New Zealand-specific, the overall 
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patterns are likely to be common to any setting where CVD equations and treatment thresholds have 

not been updated to account for rapidly falling CVD event rates. 
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Supplementary information 

Supplement 1. Details of the MNZRE 

Details of the MNZRE – see Supplement 1 in Chapter 3. 

Supplement 2. Comparative cumulative frequency distribution for population risk 

This is a cumulative frequency distribution of the two methods of estimating risk. This plot is an 

alternative projection of the data presented in figure 1 however it may be useful for determining 

visually proportions under risk thresholds other than the categories chosen for the tables. 
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Supplementary figure 2. Plot of the cumulative frequency distribution of assessed risk using two 

methods of assessing CVD risk, MNZRE (red) and NZ Framingham (blue). 

 

 

 

Supplement 3. Estimated variance data 

To ensure that the variance due to the Monte Carlo uncertainty present in the synthetic population 

development was captured 100 separate populations were developed and the results presented in the 

main body of the population are the mean values after categorisation in to the risk groupings 

described in the paper. To allow for an estimation of the variance the sd around each value was 

calculated and is presented below. There is only a standard deviation for the count values as the 

proportions were calculated on the basis on the mean values. 

While the variance in the highest risk bracket can make a substantial portion of the mean value for the 

majority of the values the standard deviation is small relative to the mean value. Standard deviations 

around the mean values presented in Tables 1 and 2. 

Supplementary Table 1. 

Gender Equation type 

Greater than 

20% 

 5 year risk 

Between 15 

and 20%  

5 year risk 

Between 10 

and 15%  

5 year risk 

Between 5 

and 10%  

5 year risk 

5% or less  

5 year risk 

All NZ Framingham 241 218.5 397.3 659.4 625.2 

All MNZRE 58.1 96.1 214.1 358.3 442.4 

Males NZ Framingham 220.6 193.9 311.9 484.2 478.6 

Males MNZRE 54.1 90.5 199.8 319.2 348.1 

Females NZ Framingham 110.8 125.4 248.9 377 412.6 

Females MNZRE 18.7 39.1 84.3 201.6 255.7 

 

Standard deviations around the mean counts in Table 2 

Screening status Equation type 

Greater 

than 20% 

5 year 

risk 

Between 

15 and 

20% 5 

year risk 

Between 

10 and 

15% 5 

year risk 

Between 

5 and 

10% 5 

year risk 

5% or 

less 5 

year risk 

Screening eligible NZ Framingham 239.3 219.5 380.2 619.3 531.8 

Screening eligible MNZRE 58.1 95.9 213.5 362.5 424.3 

Not screening eligible NZ Framingham 10 23.4 148.1 223.1 274.8 

Not screening eligible MNZRE 1.1 2.9 9.7 58.1 106.2 
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Section C. Policy simulation 

Foreword 

The broad goal of this thesis was twofold; to replicate the work of Wald under New Zealand 

conditions, and then to investigate the potential impact of additional factors that were not initially 

included as part of the original research. In Chapter 2, the development and validation of a synthetic 

population was described. This was subsequently used to describe the CVD risk profile of the New 

Zealand population and to project the instantaneous impact of a range of policy options (Chapters 3 & 

4). While these analyses are informative, in section C the candidate goes beyond these cross-sectional 

simulations by modelling the impact over time of the introduction of a range of plausible policy 

choices along with key variables, such as medication adherence and adverse events, which could 

impact on optimal population screening strategies. 

Unlike the previous chapters, which are presented largely in the format of papers that have been 

published, submitted or are to be submitted, Chapters 5 and 6 are structured as traditional thesis 

chapters. This is partly because the candidate has not yet completed papers to present the main 

simulation findings, but also to demonstrate the knowledge and skills developed in relation to 

simulation analyses, which he had no experience of prior to beginning the thesis. Moreover, it would 

not have been possible to adequately describe the significant amount of work involved in developing 

the simulation in a paper format. Chapter 5 starts with an introduction to the theoretical underpinnings 

of the analyses including the use of ROC curves for assessing the diagnostic accuracy of risk 

estimation approaches, Markov models and micro-simulation on which the simulation was built. This 

is followed by a detailed description of the critical steps within the simulation. The simulation was 

built in a modular fashion, following good programming guidelines (131, 132), so is composed of 

discrete functions, or sub-programmes, that handle specific tasks. Each of the critical steps is 

represented by one or more modules with a light-weight set of programming to manage the module 

execution, store cycle results and export data. 

Following the simulation description, the base case data for the simulation is described. This includes 

the point estimates along with data sources for the input variables and how the end-points were 

calculated given the simulation structure. These data describe the best approximation of the New 

Zealand setting and are used as the base case in the simulation reported in Chapter 6. Finally, a 

description of the key end-points, including differences in the calculation of benefits and costs, is 

included below and outlines the commonalties and differences between the two measures. 

The Wald paper was split into two broad parts; observations of the diagnostic accuracy of the 

different screening approaches and then an estimation of the cost implications, based on medication 

and screening costs, for CVD-free life-years. This framework is maintained in Chapter 6. The first 



 

87 

 

section examines the diagnostic implication of two plausible strategies for assessing CVD risk (age-

based and risk-based). In addition, two potential screening timeframes are applied for the risk-based 

approach, an annual assessment programme or a 5-yearly screening programme. The construction of 

receiver operating characteristics (ROC) curves allowed for estimation of the predictive 

characteristics (true positives and false positives) at several potential medication thresholds.   

Chapter 6 consists of a parameter sweep exercise examining the impact of a range of variables on the 

overall efficacy of a CVD screening programme. Some of the assessed variables, such as the equation 

type and threshold, were analysed in the Wald paper, while others, such as medication adherence and 

adverse events, were not included in their analysis. A primary goal of this new research was to assess 

the importance of Wald’s assumptions and to assess the impact that modifying these might have on 

the cost-effectiveness of different screening strategies. 

In addition, a new endpoint - quality adjusted life years (QALYs) - was developed to be used as a 

primary outcome. QALYs allow for a more fine-grained analysis of the impacts of medication by 

incorporating a number of relativity minor, but common impacts on quality of life, for example 

treatment-related side effects, as well as incorporating the key impacts of a CVD event such as 

mortality and morbidity. This was not possible with the outcome of CVD-free life years used in the 

Wald simulations which was too unidimensional to incorporate features important to the simulation. 

In the interests of consistency, the results based on the Wald endpoint (CVD-free life years) are also 

presented to allow a comparison between the two endpoints. 

A concern the candidate had with the Wald paper was that there were a number of variables not 

included within the simulation, (or more accurately assumed either non-existent or universal), that 

could be perceived as ‘negatives’ of a screening system. These included the impact of adverse events 

(AE) and medication disutility, which might reduce the benefit experienced by the patient, and also 

the impact of reduced medication adherence dependent on the screening method. Many of the new 

variables that were included in the updated version of the simulation presented in this thesis were 

mentioned in the discussion of the original paper but were assumed not to be consequential on the 

overall outcome. Their inclusion allowed for a more detailed analysis of the total benefits of a variety 

of policy options at a population level when plausible negative outcomes of medication are factored 

into the simulations. The method of factoring these variables takes two forms; the prevention of CVD, 

which was assessed in the Wald analysis via CVD-free life years, and the impact on quality of life due 

to medication. The two ‘negative’ outcomes associated with taking the medication that were 

specifically tested were;  

 the impact of variation in medication adherence, 

 the impact of statin usage on quality of life divided into two types: 

o disutility associated with taking daily medication 
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o disutility, costs and reduced medication adherence associated with adverse events 

stemming from (either due to biochemical or placebo effect) statin use.  

The candidate introduced these ‘harms’ because of concerns that the Wald modelling was one-sided 

and only included the ‘positive’ aspects of medication, in this instance the CVD reducing properties 

of statins, but did not include the, typically mild but not infrequent, side effects of the medication 

(133, 134). As the cost of the most effective statins has dropped dramatically (11), the financial case 

for very broad medication usage has become stronger, however there remains limited modelling that 

attempts to capture the full range for harms and benefits associated with statin usage. Without an 

acknowledgement of the adverse events or impact on adherence rates there is little, other than the 

financial impact, to indicate that statins should not be prescribed almost universally. 

While the use of statins has expanded dramatically since their introduction (135), medicating a whole 

adult population has rarely, if ever, been a serious consideration.  This is potentially an implicit 

acknowledgement that the non-financial impacts, including the adverse events and population 

preferences, have been considered in a policy setting. Modelling of these limitations allows for a 

quantification of their potential impact, and an exploration of any lower boundary where the benefits 

of very broad or universal medication are questionable. 

While the scope of this research has expanded somewhat over the time course of the thesis, the basic 

goal of identifying the importance of untested or assumed factors has remained. As previously 

indicated, the expansion of scope included changing the end point that because the impact of some 

key variables, for example, adverse events, were not able to be properly incorporated with the end 

point of CVD-free life years. The simulations presented now exist somewhere between the fields of 

health economics and epidemiology due to the nature of some of the end points and methods. As such, 

it now has some elements that are similar to a health economic analysis (HEA). However, this thesis 

was not designed to be a full HEA. The candidate’s future research will pick up from this initial stage 

of a HEA and seek to extend the analysis with some critical modifications. 
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Chapter 5. Theory and methods.  

As mentioned in the foreword to Section C, the Wald paper that prompted this project was divided 

into two broad sections; predictive characteristics of the risk assessment approaches and a 

comparative analysis of the cost-effectiveness of the risk assessment strategies from the simulations.  

Both Chapters 5 (Methods) and 6 (Results) follow this framework with two main sections;  

1. Predictive characteristics of risk assessment approaches: the calculation of ROC (Receiver 

Operating Characteristics) curves to compare the performance of a range of risk estimation 

approaches, and  

2. Comparative analysis of cost-effectiveness of the risk assessment strategies: a series of 

simulations to estimate the potential impact of key input variables based on realistic New 

Zealand values. This second of the two components is the more substantial piece of work and 

features an analysis of the impact of sets of related variables on the outcomes of interests. 

5.1 Comparing age-alone, annual and 5-years CVD risk assessment strategies 

Wald compared two strategies of risk assessment, the Framingham equation and age-alone, and two 

screening periods, annually and 5-yearly (for calculated risk only). In the candidate’s analyses, the 

MNZRE was used in place of a Framingham equation.  

This gives three comparison groups: annual and 5-yearly screening periods for the MNZRE and the 

age-based strategy which can only be assessed on an annual screening period. The choice of time 

periods was driven by the Wald analysis to enable  more direct comparisons to be made. 

The assessment of an age-based strategy was done on an annual schedule to simulate a program where 

individuals became eligible for medication at a fixed age. Therefore, when risk was based on an age 

alone approach, a 5-yearly time scale became redundant. Unlike eligibility based on a calculated risk, 

where it is necessary to undergo a risk assessment to determine if a threshold is exceeded, it is 

apparent exactly when a person’s ‘age’ threshold is exceeded. Under this scenario there will only ever 

be one ‘observation point’ when the person passes the pre-determined age for medication and 

therefore the concept of multiple observation points (such as annual or 5-yearly time points) is 

superfluous. For the calculated risk methods, the purpose of using both annual and 5-yearly screening 

was to observe the impact of the wider spacing of screening periods and how this interacted with 

higher or lower thresholds. The key factor in these analyses is the attribution of screening cost 

regardless of the outcome of a screening episode. This is unlike medication where the cost is only 

accrued when a person exceeds the specified threshold. The comparison then becomes a trade-off; a 

screening episode where a person is found to be below the threshold incurs a cost but delivers no 

benefit, however a person can only benefit from the offer of medication in an ‘observed’ or screened 

cycle. The annual screening cycle would be expected to detect an individual as, or very soon after, 



 

90 

 

they exceed the recommended threshold for commencing medication. This however requires frequent 

screening, which is often unnecessary, particularly when the medication threshold is relatively high. 

In contrast, screening every five years reduces the screening burden however there is the likelihood of 

a delay in treatment (or at least the possibility of treatment) due to the lower frequency of risk 

screening. 

5.2 Theoretical underpinnings of Receiver Operator Characteristics (ROC) curve analyses 

The calculation of ROC curves allows for a characterisation of the predictive characteristics of the 

CVD prediction approaches and screening time periods across the full range of potential thresholds. 

Based on this data, a range of equivalent thresholds, based on matching true positive fractions, can be 

calculated for the other methods of risk assessment. 

The research and techniques that resulted in the development of ROC curves were initially done to 

calibrate settings for the newly developed radar detection of planes during World War Two (136). To 

establish what were useful results, the power of the radar was increased from zero to maximum 

intensity and the detection characteristics across the range of power settings were explored. As the 

power output of the radar was increased, smaller and more distant objects of interest (planes in this 

case) could be detected. However, as the number of objects of interest detected increased, so did the 

number of detections of objects that were not of interest. 

If an action was to be taken on the basis of the radar information, such as launching fighters to 

intercept an identified object of interest, a balance clearly had to be struck between appropriate 

detection of objects of true interest compared to false detections that would drown out the important 

information and waste valuable resources. To do this, an analysis of the comparison between a 

‘ground truth’ or correct observation with the result of a test was undertaken across a range of 

settings. In this manner, all observations could be exclusively categorised into one of two groups, 

each of which could be sub-categorised. The two main groups of observations where; 

 ‘true’ results; when the test and the ground truth agreed, with the two sub-

classifications of: 

o true positive where the event occurs and is detected/predicted and 

o true negative where the event does not occur and is not detected/predicted 

 ‘false' results; the test and the ground were not in agreement, with the two sub-

classifications of: 

o false positive where the event does not occur but is detected/predicted and 

o false negative where the event does occur but is not detected/predicted. 



 

91 

 

5.2.1 Assessing the performance of CVD risk assessment methods using ROC curves 

The ROC technique used to assess and improve the performance of radar has clear parallels with 

assessing and improving the performance of CVD risk screening, where in general, the assessment of 

risk is based on a continuous variable (in this case either predicted risk or age) and an action, typically 

starting preventive medications, is then initiated based on whether that variable exceeds a pre-

determined threshold. Wald used the relationship between the true positive rate (the proportion of 

events correctly detected) and the false positive rate (the proportion of cases incorrectly detected as 

true) to be the key detection characteristics 

 

Figure 5.1. A ROC plot from the original Wald paper describing the discrimination profiles of the 

three CVD risk assessment methods (Framingham 10 year risk assessed on an annual and 5-yearly 

basis and age-alone) (1). 

These two values, in the context of CVD screening, represent the proportion of the medicated 

population who will benefit from the medication (true positive rate) and the proportion of the 

medicated population who will not benefit from it (false positive rate). The true positive rate is also 

called the ‘detection rate’, as used by Wald, and this terminology will be used from here onwards.  

In Figure 5.1 the detection rate is plotted on the y-axis, representing the ability to detect true cases, 

and the associated false-positive rate is shown on the x-axis. The basis of this technique is the trade-

off between these two factors. The closer the curve on a ROC plot is to the top left-hand corner, the 
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better the method is for separating events from non-events, or put another way, accurately 

determining who will benefit from medication and who will not. This can be described as the 

discrimination performance of the method in question. A curve that falls on a forty-five-degree line 

represents a useless test where the test is no better than chance in determining the occurrence of 

events (i.e. it does not discriminate between people who will have an event and those who will not). 

An overall measure of the goodness of fit is the area under the curve (AUC) value which describes the 

area under each respective ROC curve and, in a comparison between two methods, a larger AUC 

indicates better discrimination. The goal is to give a holistic view of the discrimination characteristic 

of a test relative to other comparable tests. AUC values are still frequently reported in association with 

ROC data despite increasing criticism, which will be followed up in the discussion of this sub-section 

(137). 

An alternative method of analysing the ROC data is to use a fixed threshold for a test to determine the 

detection and false-positive rate at that threshold. This type of analysis is likely to be informative if 

there is an established treatment threshold, often a policy driven one. For these analyses, three risk 

thresholds (10%, 5% and 2.5% risk over 5 years) where chosen to be equivalent to the pre-2018 

threshold in New Zealand of 10% (69), the new New Zealand threshold (5%), and a threshold lower 

than has currently (to our knowledge) been proposed (2.5%), to represent a lower bound of plausible 

policy setting. As there is no age-based threshold currently in use, the threshold suggested by Wald 

was used (55 years of age) with alternative age thresholds of 5 years on either side of this (i.e. 50 and 

60 years). The comparison between the detection and false positive rates gives an indication of the 

efficiency of the screening as a true positive of 1 and a false of 0 would indicate perfect screening. 

When assessing on the basis of an established threshold, it is also possible to calculate a comparable 

threshold for an alternate risk assessment strategy. To do this the detection rates are used to align the 

risk assessment methods; in short 1) a threshold of interest is identified, 2) a detection rate for the 

threshold of interest is calculated, 3) using the detection rate from the prior step, the appropriate 

threshold is found for the alternate risk assessment method (as described in section 6.2.1). In this 

manner a series of corresponding thresholds for a range of alternate risk assessment methods can be 

calculated. This allows for a more direct comparison between tests which do not have units in 

common, for example calculated risk (% risk over time) and age-alone (years of age). 

5.3 Theoretical underpinnings of the simulation analyses 

5.3.1 Markov Models 

Markov models are statistical techniques based on the work of Andrei Markov, first published in the 

early 20th century, and in use in medical modelling and decision making since the early 1980’s (138). 

The concept of Markov models is based around modelling units of interest (in health, typically 

patients) and all the possible states they can occupy within the model. These states must be mutually 
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exclusive, that is to say a person must be in a state and they have to be exclusively in that state for that 

cycle. For example, if there are two states ‘Healthy’ or ‘Sick’ a person cannot be ‘partially sick’; if 

this is required, then additional states can be added, however this would form a new model. Within a 

Markov model the unit of analysis can be a cohort or an individual, with the key distinction being the 

divisibility. When the model is being run on an individual they can only take on one state. In contrast, 

a cohort can be divided and proportionally assigned to separate states. This will be expanded on in the 

following section on the strengths and weakness of micro versus macro-simulation approaches. 

The second characteristic of Markov models is that future states depend totally on the current state. 

This is done by defining transition probabilities (figure 5.1) which specify the probability of the state 

in the next cycle including the probability of remaining in the same state. The transition probabilities 

for each state are required to sum to 1. A special case, which is a common feature for many Markov 

models is ‘absorbing states’. These are states where the probability of remaining in that state is 1 (see 

death in figure 5.1). As the sum of all transition probabilities must equal 1, the probability of 

transitioning to another state is required to be 0. Whether a state is absorbing is sometimes a matter of 

definition, for example in a model of infectious disease. If the end point of interest is ‘infected at any 

point’ then that would be an absorbing state as this is non-reversible. Whereas if the disease had a 

natural course and following infection the recovered patient would transition out of the ‘infected’ state 

into a ‘well’ or ‘un-diseased state’, this would make the ‘infected’ state transitory. Figure 5.1 

describes a simple model which describes the risk of a particular disease with an absorbing state of 

death.  

 

Figure 5.1. Markov state diagram with an absorbing state 
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By contrast, non-absorbing models do not have a state where the probability of remaining is 1. On a 

cohort level this will lead to a steady state system equilibrium being reached where the in and out 

flows are equal to each other and the number of individuals in each state stabilise. 

 

 

Figure 5.2. Markov state diagram without an absorbing state 

Figure 5.2 represents the simplest non-absorbing state Markov model; the majority of models will 

contain multiple states representing disease stages or levels of morbidly. Note the contrast with the 

absorbing state cohort model in figure 5.1 where individuals within this state have a probability of 0 

of leaving the ‘death’ state. Within the non-absorbing model, both states have a probability of leaving 

greater than 0 and equilibrium is reached when the in and out-flows are matched. Equilibrium is never 

reached in an absorbing state model as there is no out-flow from the absorbing state model, or more 

exactly equilibrium is only reached when all individuals are in an absorbing state. A model may have 

more than one absorbing state, however it must have at least one non-absorbing state otherwise the 

model will be static, meaning it will stay in its initial condition and there will be no transition between 

states. 

When the model described in Table 5.1 is run on a cohort of 1000 initially-healthy individuals, the 

move towards equilibrium can be seen numerically in Table 5.3 where after 9 cycles the numbers in 

each state have stabilised.  

Cycle Non-diseased Diseased 

1 1000 0 

2 750 250 

3 663 338 

4 632 368 

5 621 379 

6 617 383 
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7 616 384 

8 616 384 

9 615 385 

… … … 

30 615 385 

31 615 385 

Table 5.1 Example of the results of a Markov based model without an absorbing state 

 

A common criticism of Markov models is that the probability of transition is conditional only on the 

current state and so lacks of ‘memory’ of previous states (139). An example of this this can be seen in 

Figure 5.1 where the chance of death is the same regardless of the number of cycles since transition 

from the ‘Disease free’ to ‘Alive with disease’. In a scenario where there is a time dependent structure 

following an event (for example decreasing risk over time following an index event), it is difficult to 

manage using conventional Markov models. The use of a technique known as ‘tunnelling states’ can 

be used to manage this issue. Tunnelling states are states that can only be occupied for a single cycle 

and can be used to model a sequential disease progression through time. These are, in many ways, the 

opposite of an absorbing state, whereas when an absorbing state is entered, it cannot be exited; in a 

tunnelling state, when entered, it must be exited. An example of this can see in Figure 5.4 where those 

individuals who have condition A may die and those who survive condition A enter a tunnelling state. 

For each of the next two cycles there is a decreasing risk of death which stabilises at cycle three where 

there is a probability of remaining in that state of 0.7.  

 

Figure 5.4. Demonstration of tunnelling states in the modelling of a theoretical condition 
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The key factors in this variation are the transition states, marked with an *, that have no ability to 

remain in the state. They must transition to a different state, either death or the next cycles disease 

state. This is significant as one of the core features of a traditional Markov model is the fact that the 

transition values are determined by the current state without reference to previous states. Utilising 

tunnelling states is not required in the within the current model due to the lack of ‘time since event’ 

variables, an therefore time dependent transition values, within available equations, however future 

work is highly likely to use tunnelling states to simulate risk following CVD event. 

5.3.2 Macro- versus micro -simulation: 

The basic distinction between macro- and micro-simulations is the level of aggregation of the 

simulated population. As the names imply, macro-simulation involves aggregations of individuals (or 

a cohort) with identical characteristics whereas micro-simulations deal with single indivisible units of 

analysis. Within population health, the indivisible unit is an individual person but in other branches of 

micro-simulation the unit of analysis could be a household (140), a car (141), a business (142) or a 

cell (143). The common factor in these simulation is that the unit of analysis enters a fixed state and 

thereby is it is not possible to enter other competing states.  

  



 

97 

 

    Cohort 

 

Figure 5.5. Cohort based Markov state model 
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Figure 5.6. Example of a Monte Carlo simulation for single individuals. Solid lines indicate 

path taken, dashed line indicate potential paths not taken. 
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In a scenario where a person can be in one of three health states; ’Disease free’, ‘Alive with disease’, 

‘Dead’, it is possible for members of a cohort to be in different states throughout a simulation as they 

are divisible (figure 5.5). It is plausible, for example, that 10% of a cohort can die, however within a 

microsimulation, where the unit of analysis is a person it is not possible to partially enter the death 

state, so the individual enters a distinct state and thereby makes all other competing states impossible 

for that cycle, or, in other words, the states are mutually exclusive (figure 5.6). 

The determination of route in a micro-simulation (i.e. transition to the next state) is non-deterministic, 

and relies on Monte Carlo methods (described in the next section), and on multiple iterations to 

determine the result of the simulation. 

The major benefit of micro-simulations as compared to macro-simulations is the degree to which 

heterogeneity in the population can be captured. The greater the degree of aggregation, the more 

homogeneous the population will become, representing the average value for risk factors without 

capturing the variability within the population. In contrast, as micro-simulation deals with individual 

units, the heterogeneity of the population can be captured more fully as can correlations between 

variables which may be important for the disease course, for example the correlation between age and 

blood pressure. One of the major problems with micro-simulation, as mentioned in the introduction to 

Section C, is that this places a high burden on the granularity of the data required to run the 

simulation. The fine-grained representative data on a large population that is required, is rare, and so 

is usually difficult to source. 

The division between micro- and macro-simulations is not absolute. It is possible to run a number of 

macro-simulations on sub-cohorts within a population where the aggregation of the full population is 

considered too coarse. This allows for a more precise characterisation of the risk and risk factors 

associated with that population. This however comes at the cost of requiring more detailed data on the 

sub-cohorts. To take an extreme example if you were to run a macro-simulation on CVD risk for the 

New Zealand population, you could ascertain the population number and the mean population CVD 

risk. From these data, you could estimate the number of individuals anticipated to have a CVD event 

per annum. While the mean population risk would incorporate the established differences between 

males and females, as well as the known risk gradient with aging, a high level of aggregation makes 

the data difficult to use in regard to clinical decision making or comparative analysis around policy. 

As mentioned previously, it is possible to run a number of macro-simulations, with gender and age 

strata as the sub-cohorts, within a population, however, there is now a requirement for more 

information as an accurate mean risk is required for all the separate strata. There are also established 

risk grouping within these strata, such as diabetics and smokers, that might require further 

disaggregation and stratification, and consequently more detailed data. All the examples mentioned 

above have been categorical variables; continuous variables pose an even greater challenge due to the 



 

100 

 

lack of defined levels. In theory, it is possible to continue to disaggregate the population to the 

smallest degree, but at this stage the data is so disaggregated it now resembles a micro-simulation in 

the respect that each stratum has very few, or in fact one, member and therefore require detailed data 

to develop the population and run the model. 

5.3.3 Monte Carlo technique 

While the Monte Carlo technique had some early pioneers, the modern usage is generally credited to  

Stanislaw Ulam, John von Neumann and Nicholas Metropolis (144) while working on the Los 

Alamos project during World War Two. The broadest description of the technique is the use of 

multiple trials involving random sampling from defined distributions to estimate the result of a 

process for which a deterministic answer is difficult or impossible to find. Basically, while there is a 

possible deterministic answer, there is too much undefined or unobservable information within the 

system so that it is impossible to predict the outcome of a single trial. Systems that are applicable to 

Monte Carlo methods are often complex and with moderate to high uncertainty at the micro-level. 

Within the simulation undertaken here, there are multiple processes; including medication acceptance, 

AE occurrence, CVD events and mortality occurring within the same timeframe. Using this method, it 

is possible to integrate these outcomes and arrive at a consensus answer based on multiple Monte 

Carlo trials. This allows for an estimation of uncertainty as well as an exploration of a range of 

counter-factuals. The strength of a Monte Carlo micro-simulation is the capacity to model the natural 

variation of both inputs and outputs in a population. 

The inputs for the model can be determined by the life history of the individual being modelled. This 

is different from a macro-simulation where the cohort is assigned a state transition probability 

consistent with the average for that population. In a situation such as CVD risk, multiple influencing 

factors are recognised, and hence the state-transition probability. In Monte Carlo micro-simulation, 

the individuals within the population have state transition probabilities which are related to, but 

independent from the cohort of individuals also being run through the model. 

The micro-simulation Monte Carlo model is applicable to CVD, in particular as: 

 There are a range of risk factors that independently and collectively alter risk 

 The availability of a high quality and locally validated CVD risk equation which integrates 

those known risk factors. 

 

5.4 Simulation description 

The simulation programme was written by the candidate in the R statistical programming language 

(145) and broadly consists of two sections; the simulation code and the current settings contained in a 

configuration file. The goal of this was to separate the stable code, which does not change once 
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development is finalised, from the settings data which is different in every scenario to be modelled. 

The simulation code is divided into logical segments with specific tasks which were managed by a 

central piece of programming. This style of programming is called ‘modularisation’ and is designed to 

increase code reliability by separating the overall programme into distinct and checkable sections 

(131, 132). The other major benefit of modularisation is ease of reuse, in all possible situations code 

will be reused rather than rewritten, which helps maintain consistency and reduces errors in the code. 

Below are the two broad sections; the simulation code and configuration file, which will be briefly 

described to allow an understanding of the processes involved in the simulation. 

The simulation has four major phases;  

 data import and error checking 

 assigning medication 

 medication adherence and adverse events 

 CVD and death event determination 

5.4.1 Data import and error checking 

The initial phase involves the loading of subroutines (the base of the modularisation mentioned 

above) and importing base population data. To confirm the data is formatted correctly, a series of 

checks are run to confirm the imported files (synthetic population and configuration file) are suitable 

for import. The error checks include the names of the variables, the variable types passed into the 

simulation and range check on the variables. This entailed the development of some rules to maintain 

constancy, for example probabilities are expressed as percentages rather than proportions and variable 

types were converted to base R types rather than forms such as factors where there is the possibility of 

miscoding of data. 

5.4.2 Assigning medication 

The medication assignment section was where the differences between the scenarios were primarily 

implemented. This section of the simulation determined which individuals were eligible for mediation 

based on the criteria specified for the current simulation setting. The primary differentiation here was; 

medication assignment by age-alone or medication assignment by calculated risk. The same basic 

steps were applied in both methods, however the additional complexity around the assignment of risk 

meant that separating the methods was optimal.  

The assigning of medication is a deterministic phase of the simulation in that no Monte Carlo 

simulation is undertaken at this stage. If an individual meets all criteria they are determined to be 

medication eligible, however this doesn’t determine the final medication state as medication 

adherence is a contributing factor assessed later in the simulation. 
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5.4.2.1 Medication assignment based on age 

Medication assignment based on an age threshold alone was the least complex to implement. In every 

cycle a test was run to determine if the individual was equal to or above the specified age threshold. If 

they exceeded this threshold then the individual was eligible for medication and passed onto the next 

phase of the simulation to determine eligibility. The ability to specify different age threshold for 

males and females was developed and will be investigated in future work. In addition, there is the 

ability to specify a high-risk population and define separate thresholds for those population, which 

will also be used in future work. 

5.4.2.2 Medication assignment based on absolute risk 

The determination of medication based on risk was more complicated than the age-alone scenario. It 

comprised three phases; determination of eligibility for screening, determination of contact with 

screening services and then determination of eligibility for medication. 

The New Zealand guidelines specify the conditions for routine risk screening (i.e. 45 years for males, 

55 years for females, and 10 years earlier for anyone of Māori, Pacific or South Asian ethnicity) (55). 

This was the initial filtering step; if a person did not meet these initial conditions for screening there 

was no other route to medication eligibility. 

Once screening eligibility was determined, the screening cycle was assessed; if the simulation was set 

up to screen individuals every year (annual screening) then the individual was screened regardless. If, 

however, the screening was 5 yearly then screening was based on a screening timer. At the initiation 

of the simulation, all individuals were assigned a number between one and five from a uniform 

distribution. For every cycle, the counter was reduced by one, and when the counter reached 0 the 

person was screened, and the counter reset to five. The purpose of the random assignment of starting 

counter was to prevent the entire population being on the same screening cycle, which would have 

happened if all counters had been initiated at five. The role of this phase was to simulate the 

opportunity for risk screening and operated as the second filter for eligibility, if a person met the 

criteria in the first phase and had a calculated risk above the specified threshold but was not indicated 

for screening in the current cycle (via screening timer), there was no route for medication. 

If an individual was eligible based on the previous two steps then, an assessment of calculated risk 

using the MNZRE was undertaken. 

If an individual’s assessed risk was equal to or greater than the medication threshold, dependent on 

the threshold specified in the current simulation specifications, then that individual was eligible for 

medication. Regardless of whether the person is medication eligible or not, a screening episode is 

recorded as have occurred, so this can be tracked within the simulation. If a person is restrained by the 
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first or second filters (screening criteria and screening timer), no screening episode is recorded as 

have occurred. 

5.4.3 Medication adherence and adverse events 

The medication adherence section of the simulation follows the medication assignment section. The 

impact of this section of the code is conditional on the assignment section in the respect that an 

individual who is indicated as being ineligible for medication in the previous section is not affected by 

this part of the simulation. A person can only be non-adherent if they have previously been indicated 

as being eligible for medication. This allows the division of the non-medicated population into ‘in-

eligible for medication’ and ‘non-adherent with medication’ as these are separate populations, with 

separate root causes. The following only relates to those individuals who have been identified as 

eligible for medication following the screening section or are currently medicated, those who are in-

eligible for medication pass through this phase unchanged.  

This process involves three broad steps, each conditional on the last; ‘general’ adherence, occurrence 

of AEs, and adherence conditional on occurrence of AE. 

5.4.3.1 General adherence 

This is the first Monte Carlo episode undertaken following the screening section and is designed to 

assess the adherence status of individuals in terms of starting or maintaining medication in each cycle. 

The adherence values have been split into three levels;  

 Medication adherence, previously medication naïve 

 Medication adherence, medicated in the prior cycle 

 Medication adherence, non-adherent in the prior cycle 

This division of adherence values is based on New Zealand data showing that the largest fall in 

compliance is seen in the first year following medication initiation and in subsequent years the non-

adherence rate reduces, (18) a pattern that has been observed in other populations (146, 147). To 

account for this, separate medication adherence rates were used for individuals who were being 

introduced to medication for the first time (“Medication adherence, previously medication naïve”) 

from those who were indicated to have taken medication (and were therefore adherent) in the previous 

cycles (“Medication adherence, medicated in the prior cycle”). 

This separation of adherence rates allowed the simulation of an early decline in adherence seen in the 

data while still maintaining the much lower level of incident non-adherence in subsequent years. A 

third adherence condition was used (Medication adherence, non-adherent in the prior cycle), to allow 

for a separation in adherence rates between those who were being offered medication for the first time 

compared to those who had previously been offered medication and had become non-adherent. The 

adherence values were estimated from the literature and the base case values are presented in Table 
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5.5 and the analysis of a range of adherence values is described in Chapter 6 in the ‘Impact of 

medication adherence’ subsection. 

5.4.3.2 Adverse events 

AEs were simulated conditional on the individuals being eligible for medication and indicated as 

adherent in the current cycle. The simulation contained two levels of AE risk: 

 when newly exposed to a medication or had a history of AE and 

 when an individual was established on a medication without an AE in the cycle 

immediately prior. 

The adverse event rate (see Table 5.5 for base case values) has been modelled on the reported adverse 

event rate in a community based population (133). The RCT evidence indicates that the ‘true’, 

physiologically verifiable, rate of adverse events is lower than the reported rate, where the ‘true’ rate 

is the reported adverse event rate in the active arm subtracted from the reported adverse event rate in 

the control arm, to remove the nocebo portion of the AE rate (148, 149). The nocebo effect is where 

placebo medication cause the patient to experience, and report, AEs as due to an (conscious or 

unconscious) expectation of encountering AEs when starting on medication(150). While it would be 

possible to modify the AE to exclude the nocebo effect and therefore model the ‘true’ AEs, the 

decision was made to retain the reported rate. Within this study the critical features of AE were the 

impact of quality of life (in the form of QALY decrements) and mediation uptake/adherence. Both of 

these features, in particular the mediation uptake/adherence, were considered to be affected by a 

patient’s perception, and therefore the reported rate including the nocebo effect, rather than the ‘true’ 

rate of AEs. 

This was done by making the rate of AE dependent on medication and adverse event status in the 

prior cycle. If, in the prior cycle, the individual was not taking medication (indicating that they were 

currently in the first cycle of taking medication) then the full likelihood of AE occurring was 

simulated. There is limited evidence surrounding the reporting of AEs in second and subsequent 

years, however there is evidence that they are significantly reduced compared to reports in the first 

year. The median time from medication initiation to reporting of AE is 14 weeks and the distribution 

of reports has a strongly right skewed distribution indicating a very limited number of new reports of 

AE would occur in the second or subsequent year of medication (151). To account for this, the rate of 

AE when an individual has been on a medication for at least one cycle and is not indicated to have 

experienced an AE is modelled at 10% of the AE rate in the first year. If the individual was modelled 

to have experienced an AE in the previous cycle, the risk of AE remains at the ‘when newly exposed 

to a medication or had a history of AE’ rate. 

The assignment of AE status was a separate Monte Carlo trial for eligible individuals using the 

appropriate risk of AE given prior status to assign an AE flag for the current cycle. The presence or 
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absence of the AE flag has implications for the accrued QALYs for the cycle and for the possibility of 

medication non-adherence due to AEs. 

5.4.3.3 Adherence conditional on occurrence of AE 

A second test of medication adherence is undertaken for those individuals who experienced an AE 

within the cycle. This was conditional on an individual being indicated for medication, being adherent 

and experiencing an AE. This was intended to represent the additional degree on non-adherence seen 

in individual who report AEs. The proportion of those experiencing AEs who stop medication was 

based on data from a community sample; as with the incidence of AEs, the impact in the community 

was considered a more valid data source than trial based data (133). The proportion of individuals 

who become non-adherent at this stage could be conceptualised as those who find the AE associated 

with the medication intolerable. 

5.4.4 Event simulation 

The event simulation section managed the modification of CVD risk due to medication, the simulation 

of CVD events (both fatal and non-fatal) and non-CVD related deaths. 

5.4.4.1 Modification of CVD risk due to medication 

The impact of CVD medication was implemented based on a relative risk reduction to the calculated 

CVD risk in the cycle. The risk was determined on the basis of a one-year risk assessment using the 

MNZRE. This equation was used to determine the risk in all scenarios regardless of the method of 

risk assessment used in the risk screening. The current evidence is that the MNZRE is the best 

calibrated equation available for the New Zealand population and so most accurately represents the 

underlying disease processes which is critical for the event simulation phase of the simulation.  

Data from the Cholesterol Treatment Trialists Collaboration meta-analysis of statin trials (152) was 

used to estimate the benefit of lipid lowering medication in terms of reducing the occurrence of CVD. 

One-year CVD risk was calculated and recorded for all individuals. Then their previously determined 

medication status was used to determine if their current risk should be reduced proportionate to the 

benefit obtained by a 1.0 mmol/L reduction in LDL-C. This value, either modified or non-modified 

dependent on current medication status was used in the CVD event estimation phase. 

The impact of statins was simulated throughout the simulation as the default medication. This 

decision was based on the high use of statin in the New Zealand primary prevention population (18), 

the large evidence base for treatment effects (152, 153) and data around adverse events associated 

with medication (133, 134, 154, 155) . This is in contrast to the Wald analyses, where a polypill was 

used as the intervention. The decision not to use a polypill intervention was based on uncertainties 

around; the efficacy of the combined medication (which was estimated to be relatively high by Wald 

at a 70-80% risk reduction), adverse event rates and the fact that no comparable medication is 
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currently available in New Zealand. The simulation has been set up to be flexible in terms of 

simulating a range of potential medications and future analyses will look to include the characteristics 

of other commonly prescribed agents and combinations such as polypills. 

5.4.4.2 Simulation of CVD events 

The simulation of CVD events was designed only for a primary prevention population, as this is in 

line with both the goal of the simulation (risk screening for CVD primary prevention) and the 

MNZRE which was not designed to predict risk in a population with existing CVD. The CVD 

simulation phase was undertaken in two phases; the determination of the event and then the 

determination of the outcome. In the ‘determination of the event’ phase, the one-year CVD risk 

calculated in the prior step was used via a Monte Carlo method to determine if a CVD event occurred 

in the current cycle. 

If no event occurred then the person moved on to the next step; if an event did occur then a second 

test was undertaken to determine if the event was fatal or non-fatal. The MNZRE does not make a 

distinction between fatal and non-fatal end points however the Framingham equation does have 

distinct broad (fatal and non-fatal) CVD and fatal CVD equations (41). While these are known to be 

relatively poorly calibrated (i.e. they do not provide an accurate assessed risk) they are still considered 

to be accurate at ranking individuals with regard to relative risk (see ROC data for Framingham 

equation from Chapter 6 for example). To determine the outcome, both the broad and fatal equations 

were calculated, and the proportion of the fatal equation to the broad equation predicted risk was then 

used as the probability of death. For example, if an individual had a predicted Framingham one-year 

broad CVD risk of 8% and a predicted Framingham one-year fatal CVD risk of 0.5% the probability 

of death is (0.5/8) = 0.0625 or 6.25%. In this way, the occurrence of an event was determined by the 

high quality of the recently derived MNZRE and the ratio rather than the absolute values of the 

Framingham equations. In either case an individual was indicated to have had a CVD event. In the 

case of a fatal event the individual was also indicated to have died. 

5.4.4.3 Other deaths 

In the absence of competing risks, the true lifetime CVD probability becomes inflated as, in the longer 

term, it becomes inevitable assuming a non-zero risk. To manage this, a competing risk of non-CVD 

death was introduced into the simulation. This was done through the use of New Zealand life tables to 

determine the probability of surviving the year conditional on the individual’s age, gender and 

ethnicity, where ethnicity was stratified into Māori, Pacific Islander and non-Māori/Pacific (156). The 

data in New Zealand life tables reports total (i.e. all-cause) mortality however the goal was to estimate 

the non-CVD mortality for the CVD naïve population. To do this, the ratio of CVD deaths to non-

CVD deaths was developed using Ministry of Health data on cause of death by broad ICD code 

blocks. This data was aggregated in the same manner as the life table data (i.e. age, gender and 
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ethnicity), so the ratio was able to be used to modify the annual risk of death to remove the CVD 

component and leave the non-CVD mortality component (157). 

An issue with this method is that the mortality data and life tables could only be produced using the 

full population, which included both those with and without a history of CVD. It was impossible to 

distinguish between them with the data available. In the future it would be preferable to have a life 

table created from CVD naïve individuals, where deaths were from non-CVD deaths. This is currently 

a limitation of the simulation but it is considered better than the alternative of using the full life table 

risk or ignoring the competing risk of non-CVD death. 

As mentioned above, the simulation of CVD events only extends to the first event. When that first 

event occurs, it is either fatal, which removes the person from the simulation, or it is non-fatal. For 

individuals with non-fatal events, the risk of CVD death is no longer assessed in the CVD section (as 

the person has a current CVD status of TRUE), so the risk of death is converted to the full life table 

value to represent their full risk of death, which is used to develop an annual risk, and therefore 

determine mortality in the full population. This allows for estimation of life expectancy and total 

QALYs accrued. 

5.5 Configuration file 

The goal of the configuration was to contain the critical features of the simulation that vary between 

runs. The reason for separating this out from the base simulation code was to increase the repeatability 

of the simulation. This was done by separating the section of the code which is necessary to change 

from the static code base which is contained in the simulation proper.  

The configuration file contained numerous variables, many of which were not modified in this set of 

simulations. This was done for two reasons. Firstly, the centralising on all variables reduced the risk 

of the variables being mis-specified as there was a single place to check their status. Secondly other 

potential research (such as simulating highly effective but extremely expensive medication) requires 

modification of variables (such as the relative risk impact of medication) that were not required in the 

current analyses. 

5.6 Simulation setup 

5.6.1 Base case characteristics 

To explore the range of inputs into the simulation, it is important to define the base case on which the 

values will be varied and, critically, the other values which will be held constant but will still have an 

impact on the model. Tables 5.4-6 (below) define the base case (or default) values for the simulation. 

The next Chapter presents the impact of testing specific ranges of variables on the overall result. 

Where a variable is not specifically stated in the analysis, it can be assumed that the value will be the 

one stated in the following tables. The full set of variables used in each analysis will not be stated as 
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this was found to make the output table unwieldy and obscured the critical data which was focused 

around the values being modified in the specific instance. 

5.6.1.1 Cost data 

Cost component Identified 

cost unit 

cost  

Currency/ 

Year 

March 

2017 NZ$ 

value 

Units per 

annum, when 

medicated 

Annual 

cost, $NZ 

2017 

Subsidy price listed by 

PHARMAC for simvastatin 

(Mylan brand) 40mg, 90 

units 

2.7352a 

(158) 

NZ, 2017 2.7352 a 4 $10.94 a 

Handling fee 1.01 (159) NZ, 2017 1.01 4 $4.04 

Pack fee 0.24 (159) NZ, 2017 0.24 4 $0.96 

Base pharmacy services fee, 

initial 

4.38 (159) NZ, 2017 4.43 1 $4.43 

Base pharmacy services fee, 

repeat 

3.00 (159) NZ, 2017 3.03 3 $9.09 

Total annual cost of 

medication (summation of 

factors above) 

NA NZ, 2017 NA 1 $29.46 

Appointment with a general 

practitioner – estimated cost 

to government + co-payment 

62.22 b 

(160) 

NZ, 2013 67.12 Determined 

in simulation 

$67.12 

Cost of lipid test 17.25 c NZ, 2017 17.25 Determined 

in simulation 

17.25 

Marginal cost of CVD in a 

year other than the final year 

2,381 d,e 

(161) 

NZ, 2008 $3,111.97 Determined 

in simulation 

$3,111.97 

Marginal cost of CVD in 

final year of life 

9,800 d,e 

(161) 

NZ, 2008 $12,808.60 Determined 

in simulation 

$12,808.60 

Table 5.4. Base case values for costing data 

a This includes a 4% procurement and stockholding component as part of the Community 

Pharmacy Services Agreement. 

b Based on the outpatient services section of the health group from the Statistics New Zealand 

CPI index where March 2013 was 1257 and March 2017 was 1356 giving an adjustment 

factor of 1.0788(162) 

c Based on 50% of listing public cost (https://labtests.co.nz/for-patients/all-test-prices) 
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d Based on the health group from the Statistics New Zealand CPI index where March 2013 

was 1000 and March 2017 was 1307 giving an adjustment factor of 1.307(163) 

e Based on the difference between the cost of an individual with CVD and one without, i.e. 

the additional cost of CVD rather than the individual’s total annual cost. 

 

5.6.1.2 Baseline medication data 

Medication component Value Source of data 

Medication adherence, previously medication naive a 60%  (18) 

Medication adherence, medicated in the prior cycle a 90% (18) 

Medication adherence, non-adherent in the prior cycle a,b 20% Estimated 

   

Risk reduction associated with statins 0.21 (152) 

Adverse events, minor, probability first medication cycle c 10% (133, 134) 

Adverse events, minor, probability second and subsequent 

cycle c, d 

1% Estimated, 10% 

of first cycle 

Adverse events, minor, tolerability e 20% (133) 

Adverse events, major, probability first medication cycle c 0.6% (154) 

Adverse events, major, probability second and subsequent 

cycle c, d 

0.06% Estimated, 10% 

of first cycle 

Adverse events, major, tolerability e 100% (155) 

Proportion of individuals with AE visiting GP 20% Estimated 

Table 5.5. Base case values for mediation data 

a indicates percentage of individuals who are medication adherent within this cycle, 

conditional on being eligible for medication and prior adherence. 

b Estimation, a published estimate of this value was not able to be identified. 

c indicates percentage of individuals who do experience an adverse event in current cycle, 

conditional on being eligible for medication and being adherent within cycle  

d In second and subsequent cycles in the likelihood is reduced to 10% of the original risk of 

AE. This is to reflect the decreased likelihood of delayed onset/reporting. 

e indicates percentage of individuals with adverse events who then stop medication (i.e. 

become non-adherent due to adverse events), conditional on being eligible for medication, 

being adherent within cycle and being indicated for an adverse event. 
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5.6.1.3 Risk assessment method 

Assessment details Value Source of data 

Risk assessment threshold - MNZRE 5% a NA 

Risk assessment threshold - Framingham equation 10%b (55) 

Risk assessment threshold - age alone 55 years  (1) 

Proportion of GP visit attributable to CVD risk screening c 0.75 Estimated 

Table 5.6. Base case values for risk threshold data and proportion of GP visit attributable to 

risk screening activity. 

a. Due to re-calibration this value is approximate equivalent to a 10 % 5-year risk of CVD 

calculated by the current New Zealand Framingham equation, see Chapter 6, Table 6.1. 

b. Represents lower threshold for considering medication based on the current guidelines 

c. Reports of optimistic CVD risk screening however no data indicating time breakdown 

across CVD risk screening programme was found. Wide sensitivity range used in analysis to 

account for this uncertainty. 

 

5.6.1.4 Quality of life data 

Utility component Value Source of 

data 

Annual QALY, no CVD 1 Assumed 

Annual QALY, CVD 0.8 (164) 

Disutility, adverse event due to medication -0.05 (165) 

Disutility, due to daily medication requirement -0.002 (166) 

Table 5.7. Baseline quality of life values 

5.6.2 Definition of end points 

Two major endpoints are reported in these analyses. The first end point, ‘screening and medication 

cost per CVD free life-year’, was intended to replicate the endpoint used by Wald.  The second 

endpoint, ‘total cost per QALY’ is an expanded endpoint which incorporates a number of additional 

costs.  

‘Screening and medication cost per CVD free life-year’ and ‘total cost per QALY’ are composed of 

the combined cost of screening and medication. The cost of screening is impacted on by two 

variables; the cost of a GPs time and the proportion of a consultation that is used for CVD screening. 

5.6.2.1 Endpoint components  

Cost calculation 

Screening and medication costs 

The cost of a GPs time was estimated based on work undertaken by researchers at Otago University, 

Wellington, who estimated a value that included a proportional allocation separation of non-fee-for-
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service charges and capitated payments that otherwise would not be allocated directly to an 

appointment. The proportion of an appointment that is allocated to CVD risk screening reflects the 

fact that many CVD screening episodes could be undertaken during an appointment where the sole 

purpose was not the screening episode. While an argument could be made that such incidental 

screening episodes do not use additional resources, in these analyses the opportunity cost was 

considered. Following this approach, the time used to screen for CVD could equally have been used 

to undertake another valuable activity, for example another screening exercise with the patient, or 

more broadly, the GP seeing more patients within the working day. When viewed though this lens, the 

incidental screenings should be valued as they prevent another activity which has a value. To 

implement this, the cost of a GP visit was determined (either a fixed value for the univariate analysis 

or a distribution for the multivariate analysis) and then was multiplied by the proportion of the visit 

attributable to the screening episode (again value dependent on analysis type) to estimate the cost of 

CVD screening for that visit. In addition to the GP’s charge, the cost of one lipid test was included 

due to the requirement for lipid data in the calculation of both the MNZRE and Framingham 

equations. This lipid test was not included in the costs associated with the age-based strategy which 

does not incur screening costs. 

The cost of medication is dependent on a person being; 1) eligible for medication (dependent of 

screening method and threshold), 2) being indicated as adherent with the medication, and 3) not 

experiencing adverse events that are cause for medication discontinuation. In the Wald analysis they 

indicated that a person who was non-adherent with medication would gain no benefit and incur no 

cost; however this is unlikely to be strictly accurate, particularly in the case of adverse events where 

the initial dispensing for medication is essential for the AE to be apparent. While this limitation is 

likely to slightly underestimate medication cost, it is unlikely to contribute sufficiently to alter the 

conclusions as the impact will be limited to the first year of medication. The two values above, 

summed, represent the cost component of the ‘screening and medication’ cost. This value will be 

referred to in the rest of the analysis as the ‘screening cost’ or ‘screening cost per CVD free life year’. 

Total cost 

‘Total cost’ was calculated by including the costs of medication and screening, as calculated above, 

plus the additional costs of visits to GPs due to adverse events, and the marginal cost to the health 

service of an individual with CVD compared to an individual without CVD. The additional cost of 

adverse events is based on a proportion of individuals who visit a GP because of adverse events. 

There were no data found in the literature on this value, so an estimate had to be made with a broad 

uncertainty interval. 

The marginal cost of CVD was based on the differential in cost between those with CVD and those 

without. This was further divided into years in which the individual was alive for the full calendar 



 

112 

 

year and those when the person died. Within the simulation for the cycle in which an individual was 

determined to have CVD, and for every cycle following, the individual was assessed for the marginal 

cost of having had a CVD event, except in the year of death. In the year of death, the marginal cost 

assessed was that of individuals with CVD who died. This represents the additional costs to the health 

service that a person who has CVD incurs and is a major component of the extended analysis. This 

value will be referred to in the rest of the analysis as the ‘total cost’ or ‘total cost per QALY’. 

The marginal cost of CVD was sourced from a New Zealand study for individuals in the Counties 

Manukau District Health Board (CMDHB) (161). CMDHB is a District Health Board (DHB) which is 

responsible for ensuring the provision of health and disability services to populations within a defined 

geographical area. At the time of the study (2008) CMDHB had a health contact population (15 years 

and older) of 313,569 people. To allow for a comparable treatment of costs, the values presented in 

the paper were converted to 2017 NZ$ using the New Zealand health sub-section of the consumer 

price index (CPI) as sourced from Statistics New Zealand, see table 5.6.1.1 for details of conversion 

of cost. 

The marginal cost of CVD included medication cost however this was not differentiated within the 

paper so it was not possible to separate the cost of statins from the aggregate cost. Within the model, 

the separate cost of statins was maintained post-first CVD event. The inclusion of statins as a separate 

cost is anticipated to have a minor impact on the conclusions of the study for two reasons. Firstly the 

costs post first event will apply equally to all risk assessment strategies. Secondly, the annual statin 

cost ($29.46) makes up a very small proportion of the marginal cost of CVD, representing 0.95% and 

0.23% of the marginal cost of CVD in a year prior to final year of life ($3111.97) and the final year of 

life ($12,808) respectively (table 5.6.1.1). 

Benefit calculation 

CVD free life years 

The CVD-free life years were calculated by summing all the cycles prior to a CVD event being 

determined within the simulation. In the year of the first CVD event (including if the first CVD event 

was a fatal event), the individual was allocated 0.5 CVD-free years. This method is similar to the 

CVD-free years as calculated by Wald, however they used life tables after a ten-year simulation, 

rather than an extended simulation of 80 years, to calculate remaining life after the simulation. 

Quality adjusted life years  

In the analysis by Wald, the key measure of benefit was ‘CVD-free year of life’. This was used to 

measure the relative delay in onset of CVD between alternate risk screening methods. This outcome 

was well suited for the specific analysis being undertaken, however the limitation of the measure, 

including the inability to account for the non-CVD impact on quality of life, meant that it was not 

suitable as the key outcome measure of benefit in the expanded analysis undertaken by the candidate. 
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An alternative, and arguably more comprehensive unit of measurement, a quality adjusted life year 

(QALY) was used instead. QALYs take into account the quality of life that is experienced by 

individuals rather than simply the volume of time. There is a large body of research on QALYs (167) 

and the closely related measure of a disability adjusted life year (DALY). Wald explicitly addressed 

this point by stating that “No adjustment was made for quality of life because every life-year gained 

without a first CVD event was taken to be of equal value” (1) (p.4). However, in the extended analyses 

undertaken in this thesis, the use of disutility - the subtraction of quality of life due to an event or 

outcome - meant that multiple outcomes from the simulation could be simultaneously accounted for. 

This was critical if events such as medication-related adverse events were to be considered in parallel 

with CVD events. Full health is represented by 1 QALY per year, and any reduction in the quality of 

life (see Table 5.7 for possible values) will result in the person accruing less than 1 QALY per cycle.  

5.6.2.2 Combined endpoints 

Screening cost per CVD-free year 

This represents the major endpoint in the Wald analysis. It is limited in its ability to incorporate the 

downstream impact of CVD events as it does not include any cost of illness data associated with CVD 

events. In addition, it is insensitive to any impact on quality of life other than CVD events. 

Total cost per QALY 

This endpoint incorporates the two previously described components of total cost and QALYs. Unlike 

the screening cost per CVD-free year, this endpoint is capable of incorporating the impact on QALYs, 

such as medication disutility and AE, while still measuring the major outcome of CVD events. 

Because this value is a ratio composed of Total Cost:QALY, it can be impacted on equally by a 

decrease in population quality of life and an increase in cost.  

5.6.3 Characteristics of simulation 

A maximum of 80 annual cycles was used as an upper limit for the simulation. When an individual 

was determined to have died they were removed from future cycles as they could no longer gain any 

benefit or accrue any cost, so will have no further impact on any endpoints of interest. When the 

simulation either reached 80 cycles or everyone in the population died, the simulation ended. No 

simulation where the number of cycles was tracked ever reached 80, as the mortality in the upper age 

ranges quickly reduced the population. 

This method differed from the Wald simulation where a fixed 10-year period was simulated and then 

time to death was estimated on the basis of life-tables. In contrast, the use of a single method and a 

longer-term simulation in the thesis analyses allowed for the estimation of the impact of CVD risk in 

the post 10-year period, something that was not possible in the prior work as a non-differentiated life 

table was used to determine the out-of-simulation outcomes. 
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Each simulation was run with a population of 100,000 individuals and iterated 10 times. 

Computational limitations prevented additional runs. The relatively large population and constrained 

variance statistics indicated that the Monte Carlo uncertainty was acceptable under this number of 

individuals and runs. The limitation on the number of cycles was a product of the relatively long 

simulation time (maximum of 80 cycles/years as compared to 10 in the Wald paper), the number of 

variables and the ten iterations. With the number of variables and levels considered in the simulation, 

there were a possible 3,936,600 combinations, however the realised number of simulations was less 

than this due to some combinations not being modelled. The number of realised simulations was 

however substantial, limiting the size of the population and number of iterations due to time and 

resource limitations.  

5.6.4 Computing resources 

As illustrated above, the number of permutations combined with a relatively detailed simulation to 

manage the additional variables, along with the results and updating, led to a resource intensive 

exercise. To undertake this analysis, moderate scale computing systems were required. Tests of the 

simulation were undertaken on high-capacity desktops and virtual computers using the EE2 service 

provided by Amazon. Further work was then undertaken using either cluster computing systems (New 

Zealand eScience Infrastructure, https://www.nesi.org.nz/services/high-performance-computing, and 

SPARTAN, https://dashboard.hpc.unimelb.edu.au/faq/) or large scale stand-alone servers (32 core, 

320 Gb of ram or 64 core 192 Gb ram). Despite the large amount of resources, it was not uncommon 

for runs of particular simulations to take between 4 and 7 days to complete. Future work will look to 

optimise the efficiency of this and new simulations however at this scale and complexity large scale 

computing power is essential.  
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Chapter 6. Results 

6.1. Introduction 

Having described the ROC curve and simulation theory and methodology in Chapter 5, this Chapter 

describes the results of these analyses. Chapter 5 was divided into two broad sections; predictive 

characteristics of the risk assessment methods and a comparative analysis of the risk assessment 

methods from the simulations and Chapter 6 follows the same framework.  

6.2. Predictive characteristics of risk assessment methods 

6.2.1 Receiver operator characteristics (ROC) curves comparing age-based screening, and annual and 

5-yearly risk-based screening 

6.2.1.1 Results 

Figure 6.1 shows the relationship between the detection rate and the false positive rate for all potential 

thresholds for each of the three risk assessment approaches, as illustrated by the three coloured curves. 

Included on the plot are selected cut-off points (coloured number on plot). These values represent 

thresholds for initiating medication based on annual age-based screening (red curve) or calculated risk 

for MNZRE-based screening (blue curve for annual screening, green curve for 5-yearly screening).  

The risk assessment approach with the best assessed detection rate was annual screening using the 

MNZRE (blue curve). The ROC curve for using the MNZRE on a 5-yearly basis indicated a 

substantially lower predictive capacity. The age-alone method had the worst predictive characteristics 

although it had a reasonably similar predictive performance to the 5-yearly MNZRE method. 

The treatment thresholds associated with a given detection rate can be explored for any value between 

0 and 1; the value of 0.75 was chosen for descriptive purposes in the follow section. This allows for 

the calculation of equivalent thresholds (for the selected detection rate) for a range of separate, and 

otherwise incompatible (such as age and % risk) risk assessment methods. At a detection rate of 0.75 

the relative thresholds were: 5.8% 5-year risk, 2.9% 5-year risk and 56.6 years for MNZRE annually, 

MNZRE five-yearly and age respectively. The overall discrimination performance of the three 

screening approaches, as assessed by the ‘area under the curve’ metric, were: 0.77, 0.74, and 0.67 for 

MNZRE annually, MNZRE five-yearly, and age-alone respectively. 
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Figure 6.1. ROC plot of options for the assessing of CVD risk modelled. The three curves 

then represent MNZRE annually (blue), MNZRE five yearly (green) and the use of age-alone 

(red). The values on the respective curves represent the threshold (5-year risk or age) at that 

specific point of the curve. 

6.2.1.2 Discussion 

Values in the top right-hand corner of Figure 6.1 represent a maximisation of the detection rate, but 

also maximise the false positive rate. This can be interpreted as ‘if you medicate everyone you will 

automatically medicate all those who will benefit but you will also medicate all those who will not’. 

Conversely, the lower-left corner represents a minimisation of the false positive rate with the 

consequential minimisation of the detection rate. This can be interpreted as ‘if you medicate no one 

you will not unnecessarily medicate anyone, but you will also not medicate anyone who could 

benefit’. Clearly operating at either of these two extremes is unhelpful, however the area between 

these two points represents all possible threshold values for the risk equation (or age). Using these 

data, the impact of specific thresholds for specific equations can be determined with regard to the 

trade-off between detection rate and false positive rate, which can then be assessed for suitability in 

terms of potential policy. 
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As shown in figure 6.1, all annual equation-based thresholds have a greater discrimination ability than 

the age-alone method. This is to be expected as age is only one of the components (albeit the most 

important) of the MNZRE. It should also be noted that the MNZRE is the basis of the event 

calculations used in the simulation (see section 5.4.4.2 ‘Simulation of CVD events’) and so, will have 

the best fit to the data. As this is a simulation, a method of determining when events occur is required 

and the MNZRE has been shown to be the most accurate method currently available in tests against 

real world data, so is the best representation of true CVD risk.  

If the goal was simply to medicate individuals in the top 10% CVD risk category, then good 

discrimination is the critical feature, and good calibration is unnecessary because the relative, not 

absolute, CVD risk is used. If, however, the goal is to medicate individuals above a CVD risk 

threshold, as is the case in the vast majority of modern CVD risk screening programmes, then the 

calibration of the equations becomes very important. Furthermore, errors or inaccuracies in the 

information given to patients, in this case calculated absolute risk, raises questions about the ability of 

patients to properly consent to treatment (168).  

As discussed above, the ROC curves in this analysis are based on two factors, the detection and false 

positive rates. It is not possible for two tests to have identical detection and false positive rates unless 

the tests have identical predictive profiles, which would be indicated by overlapping ROC curves. The 

impact of false positives (i.e. unnecessary intervention) and false negatives (i.e. under-treatment) in 

any given screening situation can have dramatically different consequences. As such, the relative 

importance of detection rate vs. false-positive rate is dependent on the test in question and the 

implications of the results. In this analysis the focus is on the optimisation of the detection rate for two 

reasons; firstly, to follow the method of Wald who focus on this outcome, and secondly, with the 

profile of statins considered relatively safe (155, 169), the consequences of under-treatment and the 

risk of a CVD event were assessed as more significant than the risk from over-treatment. 

AUC values represent discrimination across the full range of thresholds however often specific 

thresholds for a binary decision are used in the risk screening process. Two of the frequent criticisms 

of this measure are that the measure includes test performance in regions of the curve where no 

decision is realistically being made (i.e. at very low and very high risk) and secondly, as mentioned 

above, that the tests give equal weight to detection and false positive rates. In screening programmes 

it is likely that the characteristics at specific thresholds are more important than the general 

characteristics of the test as this is where the most influential decisions will be made. 

6.2.2 Comparison of pre-specified medication thresholds 

6.2.2.1 Results 

Decreasing thresholds were correlated with increasing detection rates regardless of the method of risk 

assessment. At the lowest thresholds tested (lines 1,4 &7, column 4, Table 6.1) the highest detection 
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rate was found for the MNZRE (line 1, column 4, Table 6.1) at 0.93 and the lowest for age alone (line 

7 column 4, Table 6.1) at 0.87. These high detection rates also correlated with the highest false-

positive rates (lines 1,4 & 7 column 5, Table 6.1). Conversely, at the highest thresholds the detection 

rate is lowest but the false-positive rate is minimised. 

Screening 
method 

Screening 
Frequency 

Medication 
threshold 

Detection 
rate  

False 
positive 

rate 

Equivalent thresholds using 
MNZRE 

Equivalent 
thresholds 
using age 

alone 

Annual 
screening 

Screening 
every 

5 years 

Annual 
screening 

MNZRE 

Annual 

2.5 0.93 0.6 NA 1.3 45.6 

5 0.79 0.38 NA 2.5 54.5 

10 0.54 0.19 NA 5.2 65.3 

5-yearly 

2.5 0.8 0.52 4.9 NA 54.3 

5 0.55 0.28 9.7 NA 64.7 

10 0.24 0.09 19 NA 76.9 

Age-alone Annual 

50 0.87 0.67 3.6 1.8 NA 

55 0.78 0.54 5.2 2.6 NA 

60 0.67 0.42 7.2 3.7 NA 

Table 6.1. Selected thresholds for the three methods of assessing CVD risk; annual MNZRE, 

5-yearly MNZRE and age-alone. Equivalent thresholds are calculated on the basis of the 

detection rate.  

The impact of annual vs 5-yearly screening pattern can be identified in Table 6.1. If a 5% 5-year risk 

is compared for the MNZRE annually (line 2, Table 6.1) and MNZRE 5-yearly (line 5, Table 6.1) 

both the detection and false positive rates are lower in the 5-yearly method. The decreased detection 

rate seen in the 5-yearly methodology (0.55 vs 0.79, lines 2 and 5, column 4, Table 6.1) means that 

when the corresponding threshold for the annual MNZRE method is calculated (as described above), 

the threshold is a 9.7% 5-year risk. This indicates that for the same number of cases of CVD to be 

prevented, either a 5% 5-year risk OR a 9.7% annual risk could be used. It must be noted that while 

these two thresholds have the same detection rate (hence ‘cases of CVD to be prevented’) they do not 

have the same false positive rates, meaning the number of individuals identified for medication will 

not be the same. The difference in false-positive rates can be estimated by looking at the 10% annual 

MNZRE (line 3, Table 6.1) as a proxy for the 9.7% rate identified above. The detection rates are very 

similar between the 5% 5-yearly method and the 10% annual method (0.55 and 0.54) which is to be 

expected as that was the matching criteria. The false positive rates however are very different (0.28 

and 0.19) with the 5-yearly method having a rate 47% higher than that of the annual method. 
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6.2.2.2 Discussion 

At the lowest threshold for each of the methods (2.5% over 5 years and 50 years of age) a high true 

positive value was found, indicating that most individuals who would benefit would be eligible for 

medication. This, however, would be at the cost of a high false-positive rate indicating that many 

individuals who would not benefit from medication would receive it anyway, in other words this 

threshold has high specificity and low sensitively. 

The implication of this is that using these matched thresholds would lead to the same number of 

events prevented, however this is not the same as the total number of medicated individuals, as 

indicated by the range of false positive values. This indicates that rather than primarily being a 

calibration issue (setting aside the fact they are using the same equations) it is a discrimination issue.  

Using the 5-yearly method with its higher false-positive rate, a large number of individuals would be 

medicated but would not receive a benefit from the medication.  

Where a ‘case’ is incorrectly identified and (i.e. a false positive) leads to a high-risk intervention, 

there is a relatively high consequential burden associated with the incorrect identification. Screening 

for some cancers has been identified as being in this category. A false positive is likely to cause 

moderate psychological distress (170, 171) as well as possibly requiring unnecessary tests or surgical 

procedures (172, 173).  Conversely, the outcome of a false negative, where an actual case is not 

identified, has significant ramifications. Then the burden of consequences is weighted more heavily 

on avoiding this outcome.  

ROC analyses can be a useful tool for assessing the raw calibration of comparable tests, however as 

identified above, they have a number of limitations in terms of assessing the full implication of 

comparable methods. The factors that are described in the ROC analysis underlie the simulation; the 

difference between the methods remains the detection and false positive rates. The overlaying of 

influential factors (e.g. cost of medication, consequences of low detection rates) within the simulation 

and the conversion of the end-point to a more meaningful metric means the results can be expressed 

as more actionable data. This allows for a realistic assessment of the relative benefits and harms than 

can be detected from a range of detection rate/false positive rate pairs.  

6.3 Comparative analysis of risk assessment methods: Simulation analysis 

6.3.1 Simulation analysis summary 

In the second phase of the Wald study, the medication and screening costs per CVD-free life 

(described in the section 5.6.2.1) were calculated for each of the three modelled scenarios: screening 

on a 5-yearly or annual basis using a prediction equation; and age alone. As discussed, to expand and 

extend the Wald analysis, the analyses presented here address several of the assumptions made by 

Wald and an additional endpoint, total cost per QALY (described in the section 5.6.2.1), was 

calculated. These analyses are presented in five sections which address each of the key additions the 
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candidate made to the Wald simulation: medication adherence; New Zealand-relevant costs of 

screening, medication and CVD events; adverse events; and medication disutility.  

6.3.2 Impact of medication adherence 

6.3.2.1 Background 

Medication adherence has been identified as one of the major factors in the sub-optimal performance 

of CVD screening programmes, leading to increased morbidity, mortality and health care costs (174, 

175). However, medication adherence was not included as a modifiable variable in the Wald analysis. 

Instead, an assumption of full medication adherence was made. The authors indicated that they did not 

explicitly include medication compliance in the analysis as “adherence to screening or treatment also 

has little effect on the estimates because for those who do not adhere there is no cost or benefit and 

for those who do adhere the same costs and benefits apply” (1) (p.4). This is a key quote as it 

conflates the adherence to screening and adherence to treatment. In this thesis adherence to 

medication and screening have been managed separately. 

Medication adherence:  In the current analysis a range of adherence rates were tested with a baseline 

assumption of a 60% adherence rate (see section 5.6.1.1, Table 5.5). There were two main theoretical 

reasons to suspect that the assumption of full medication may have an impact on the results of the 

simulation, and therefore, it was reasonable to test for the level of influence within the simulation. 

Firstly, the quote above contains an implicit assumption that the rate of medication adherence will not 

be impacted on by the choice of risk assessment method; i.e. age-alone or a calculated risk method. 

This assumption is not supported by the literature which reports that the method of communication 

between clinicians and patients has an important impact on their understanding of the benefits and 

harms of medication (176-179). Furthermore, a recent meta-analysis indicated that patients’ 

perceptions of the benefit conferred by medication influenced the likelihood of subsequent adherence 

(180). The use of a calculated risk assessment equation allows for an individualised risk to be 

discussed with the patient. This individualised risk is not possible with the age-alone method which, 

by its nature, is limited to quite granular groups. There is also good evidence from recent New 

Zealand data that medication adherence is correlated with assessed risk. As an individual’s assessed 

risk increases, so does the likelihood of adherence at the one year anniversary of medication initiation 

(18, 147).  

The Wald analysis refers to the impact of a risk score (in their analysis the Framingham equation) on 

CVD screened individuals indirectly with the comment that the use of age-alone “avoids needless 

worry that would be caused through selecting individuals on account of the results of a personal 

medical assessment” (1) (p.5). This statement would appear to be an over-simplification of the issue 

given the evidence that the degree of assessed risk (arguably the source of the ‘needless worry’ 

indicated above) is reported to impact on both initial medication uptake (175) and subsequent 
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adherence (146) without decreasing quality of life or increasing anxiety (181). Furthermore, a number 

of theories surrounding patients’ health-related behaviour have been developed, many of which 

include a step where the patient recognises their personal susceptibility or vulnerability to the disease 

in question (9). 

Secondly, there are resource implications to medication adherence. If a person receives screening 

without gaining any treatment benefit due to adherence issues, the resources associated with screening 

should still be accounted for. This is particularly likely under an opportunistic screening model as the 

patient has not taken any explicit action to be screened but the individual must take an explicit action, 

the filling of the prescription, to be medicated.  

Screening adherence: Wald also maintained an assumption of full adherence for screening in their 

simulation and in the current simulation we maintain the same assumption. There were two primary 

reasons for this; firstly, the vast majority (over 90%) of individuals in New Zealand are currently 

adequately screened (133), in contrast to the current situation with reported medication adherence 

(18). In addition, as CVD screening is primarily an opportunistic, rather than a planned or scheduled, 

activity in New Zealand (21), this reduces the likelihood of a difference in screening rates conditional 

on the risk screening mechanism. Secondly, if a person is neither screened nor medicated (i.e. not 

adherent to screening and therefore not preventatively medicated), then there are no prevention-

related (i.e. screening or medication) costs. There is however the potential for downstream costs (e.g. 

costs of illness) due to the lack of risk modification as a consequence lack of screening. This should 

be assessed in the future. 

While no studies were identified that make a direct comparison between medication adherence to 

calculated risk and age-alone strategies, it was thought that there was sufficient uncertainty to explore 

this. This was done by simulating selected medication adherence rates. The rates represented the 

values used in the Wald analysis (100%), a real-world medication adherence (60% (18)) and a 

potential decrease from the real-world adherence of 10% and 20% (see table 6.2). There is evidence 

that the period of initial dispensing is the point of greatest risk in relation to non-adherence (18). To 

incorporate this effect, the simulated adherence in a given cycle was determined by the medication 

status in the prior cycle. Table 6.2 outlines the medication adherence rates used within the simulation.  

 

Prior medication status Grouping 1 Grouping 2 Grouping 3 a Grouping 4 b 

Not indicated for medication previously  40% 50% 60% 100% 

Medicated in prior year 80% 85% 90% 100% 

Indicated for medication previously but not adherent 10% 15% 20% 100% 

Table 6.2. Grouping of medication adherence values for use in figure 6.2 and Tables 6.3 and 

6.4 
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a Base case data 

b Assumption made in Wald paper 

 

6.3.2.2 Results 

Figure 6.2 represents the data for the two endpoints of interest across the full range of medication 

adherence rates. The data is divided due to the difference in magnitude of the two endpoints with the 

screening cost per CVD free life year on the left and the total cost per QALY on the right. When 

focusing on the end-point of ‘screening cost per CVD free life year’ outcome (left panel figure 6.2), 

two general trends based on screening approach and cycle length can be seen. These are: 

 annual screening based using calculated risk, 

 age-alone and 5-yearly screening based on calculated risk. 

 

Figure 6.2. Impact of a range medication adherence values on screening cost per CVD free 

life year (left panel) and total cost per QALY (right panel). Note change in y-axis scales. 

Where the modelling involved annual screening based on using calculated risk, there was a declining 

screening cost per CVD free life year with increasing adherence. In contrast, when risk is assessed 

using the age-alone approach, there is an increasing screening cost per CVD free life year with 

increasing adherence. This pattern is a function of increasing medication costs. Unlike the calculated 

risk approach, there are no screening costs attributed to age-alone method within this simulation and 

as such the medication cost is the only contribution to the cost component. 

When screening is on a 5-yearly calculated basis the trend shows greater similarity to the age-only 

approach. The overall trend is a moderately increasing cost per CVD free life year, as medication 
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adherence increases. This pattern is similar, but less pronounced, than the pattern seen with screening 

by age alone. 

Screening 

Method 

Screening 

Frequency 

Medication 

Threshold 

Medication and screening costs per CVD free life year 

(NZ$) 

Medication adherence (%) 

40 50 60 100 

MNZRE 

Annual 

2.5 37.65 33.82 29.99 20.98 

5 38.99 35.72 32.4 24.01 

10 40.80 38.23 35.62 28.22 

5 yearly 

2.5 12.23 13.49 14.63 17.68 

5 11.78 12.86 13.82 16.56 

10 11.20 12.06 12.87 15.15 

Age-alone Annual 

50 6.78 9.67 12.39 18.25 

55 5.99 8.55 10.97 16.49 

60 5.14 7.37 9.51 14.62 

Table 6.3. Impact of a range of medication adherence values on cost per CVD free life year. 

When the end-point of total cost per QALY (right panel, figure 6.2) was used, the variation in trends 

disappear and all screening methods display a monotonic decrease in total cost per QALY with 

increasing medication adherence. 

From the simulation, it is apparent that there is wide variation in screening cost per CVD free life year 

(Table 6.3). The lowest value reported was associated with a 40% medication adherence, when 

screening was based on an age-alone threshold of 60 years ($5.14). In contrast the highest value was 

also associated with a 40% adherence, but based on a 10% threshold assessed annually ($40.80). The 

age-alone method was less expensive than either calculated method, and 5-yearly screening period 

was less expensive than annual screening. 

 

 

 

Screening 

Method 

Screening 

Frequency 

Medication 

Threshold 

Total costs per QALY (NZ$) 

Medication adherence (%) 

40 50 60 100 

MNZRE Annual 

2.5 623.34 582.71 530.71 383.37 

5 630.65 594.19 546.10 408.02 

10 647.45 614.11 578.63 456.83 
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5-yearly 

2.5 598.91 565.06 520.82 393.00 

5 605.58 573.96 532.95 416.63 

10 615.85 592.04 563.13 457.94 

Age-alone Annual 

50 584.35 550.60 505.65 378.69 

55 590.24 558.49 517.07 398.52 

60 597.82 569.98 537.24 428.81 

Table 6.4. Impact of a range of medication adherence values on total cost per QALY. 

When the total cost per QALY was the endpoint of interest, the age-alone method was still the most 

cost-effective method, however the relative difference between the endpoints was reduced (Table 6.4).   

Using the QALY endpoint, the lowest cost per QALY was $378.69, based on an age-alone approach 

with a threshold of 50 years of age. The least cost-effective option remains a 10% threshold assessed 

annually. As with the screening cost per CVD life year data, the age-alone approach was more cost 

effective than the calculated risk approaches.  

While the age-alone method is the lowest cost method at all given adherence levels, if population 

level adherence is impacted by the method of risk assessment (i.e. age vs. calculated risk) there is the 

potential for a ‘cross-over point’ where the relative difference in medication adherence impacts the 

cost per QALY to make age-alone less effective. When medication adherence is 60%, which is the 

base case assumption (see section 5.6.1.2), annual calculated screening is less effective than age-alone 

($546.10i vs. $517.07ii) however if the medication adherence decreases to 50% for age-alone, the 

annual calculated approach is slightly more cost-effective ($546.10i vs. $558.49iii). 

To assess a more precise estimate of the cross-over point, a sub-analysis was undertaken with finer 

divisions of adherence (see Table 6.5 for adherence levels) between the base case adherence 

(grouping 6 in Table 6.5) and 50% medication adherence (as represented by grouping 1 in Table 6.5). 

 

 

Prior medication status Grouping 

1 

Grouping 

2 

Grouping 

3 

Grouping 

4 

Grouping 

5 

Grouping 

6 a 

Not indicated for medication 

previously  
50% 52% 54% 56% 58% 60% 

Medicated in prior year 85% 86% 87% 88% 89% 90% 

Indicated for medication 

previously but not adherent 
15% 16% 17% 18% 19% 20% 

                                                      
i See Table 6.4 line 2, column 6 
ii See Table 6.4 line 8, column 6 
iii See Table 6.4 line 8, column 5 
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Table 6.5. Grouping of medication adherence values for fine-grained adherence analysis 

a Base case data 

 

As with the previous analysis outlined in table 6.4, when the end-point was cost per CVD-free life 

year, the age-alone method was substantially more cost-effective and declining adherence in fact 

increased the cost-effectiveness. On the basis of this sub-analysis, there was no point at which a 

calculated risk method was more cost-effective than the age-alone method regardless of medication 

adherence. When the end-point was total cost per QALY (table 6.6), the medication adherence under 

an age-alone system would need to drop approximately 5% before the annual and 5-yearly calculated 

risk methods become more cost effective. 

Screening 

Method 

Screening 

Frequency 

Medication 

Threshold 

Total costs per QALY (NZ$) 

Medication adherence (%) 

50 52 54 56 58 60 

MNZRE 
Annual 5 592.46 586.34 577.23 565.83 555.83 549.26 

5-yearly 5 572.60 564.70 559.63 550.95 541.66 536.39 

Age-alone Annual 55 558.71 551.28 542.79 535.42 527.39 518.07 

Table 6.6. Impact of a range of fine-grained medication adherence values on total cost per 

QALY. 

6.3.2.3 Discussion 

Variation in medication adherence has the potential to have a significant impact on the choice of the 

optimal CVD risk screening strategy. In contrast to the Wald analysis, which adopted 100% 

medication adherence, the current simulation adopted an adherence level which more closely 

resembles that observed in the current New Zealand population (18). When this was combined with 

the more encompassing endpoint of total cost per QALY there is evidence of a cross-over point at 

which the age-alone strategy would become less cost-effective than a strategy based on calculated 

risk.  

When the analysis was based on medication and screening cost per CVD free life year, the cost data 

was dominated by the two key cost components involved; medication and screening costs. While, a 

priori, it might have been assumed that the results from the 5-yearly calculated risk method would 

most closely resemble the annual calculated risk approach under current New Zealand conditions, it 

more closely resembles an age-alone method. While the cost of screening is still important in the sub-

annual screening approach, the longer period between screening episodes, (therefore fewer episodes 

per cycle), means that its relative influence on the cost of screening on the outcome is reduced, 

compared to the cost of medication. In this respect the 5-yearly calculated risk approach sits at the 

juncture of the annual and age-alone methods; where the annual calculated risk approach is dominated 

by the cost of screening and the age-alone approach is affected solely by the cost of medication. 
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When the endpoint used was the more inclusive ‘total cost per QALY’, the variation in trends was not 

apparent and all three strategies show a monotonic decline in cost per QALY with increasing 

adherence. This reflects the dominant nature of CVD cost of illness within the simulation when the 

endpoint in question is ‘total cost per QALY’. The trends that were seen when the end-point was 

‘screening cost per CVD life year’ (left panel, figure 6.2) were dominated by the much larger impact 

of the annual marginal costs of CVD in those individuals who have been simulated to have had a first 

event. This is due to the contribution of screening and medication cost making up a quite small 

proportion of the total cost rather than making up the total cost component in the ‘screening cost per 

CVD life year’ endpoint. The relative sizes of the cost components can be seen in table 6.3 and 6.4 

and can be extrapolated from the difference in scale of the axis on the left and right panels of figure 

6.2. 

There are two major cost drivers which are impacted on by adherence rates when the results are 

assessed using the total cost per QALY endpoint. Firstly, where an individual is non-adherent to 

medication they will be re-screened in future cycles as they are considered ‘un-medicated’ for the 

purposes of the screening assignment algorithm. As population compliance drops, the proportion of 

individuals who are being re-screened due to non-adherence increases. These individuals are therefore 

incurring substantial screening costs but not gaining the benefit of the CVD risk reduction associated 

with medication. As the annually screened calculated risk population was being observed five times as 

often as the 5-yearly methods, therefore incurring the resource cost associated with screening, this 

fruitless re-screening had a much larger impact in the annually screened group. Secondly, the reduced 

medication adherence has a flow-on effect in terms of higher rate of CVD events. This in turn has the 

dual impact of lower total QALYs, due to the effect of disease, and higher total costs due to ongoing 

care for those with CVD. 

As can be seen in table 6.6, a reasonably moderate decrease in medication adherence under an age-

alone method would result in any benefit being lost compared to either of the two calculated methods 

of risk assessment. If there was a 5% or greater decline in medication adherence compared to the 

baseline estimate of adherence, associated with the age-alone assessment method, it would not be 

possible to recommend the age-alone option on the basis of these results. On the basis of these data, 

and the lack of supporting literature, further evidence around the potential impacts on both short and 

moderate term adherence should be gained before widespread implementation of an age-based CVD 

risk screening strategy. 

6.3.3 Impacts of screening, medication and CVD event costs 

6.3.3.1 Background 

In the Wald analysis, two major costs were considered; the cost of medication and the cost of 

screening for medication eligibility. This selection of costs framed their case; that the trade-off in the 



 

127 

 

discriminatory accuracy when using an age-alone method (as identified in the ROC analysis) could be 

counteracted by the reduction or elimination of the costs associated with screening incurred when 

using the more involved calculated risk screening method. 

At its heart this argument has been driven by the dramatic reduction in costs of CVD medications. 

Originally statins were only used by people with existing CVD or at very high risk of a first CVD 

event because of their high cost. However the most widely used statins (182) have now exited their 

patent protection period and are available as cheap generic medications (11). The use of medication 

for those at moderate risk is now widely recommended (152) and has been coupled with a general 

trend towards declining thresholds for treatment (2). 

To update the existing analysis, new cost estimates were derived for medication and screening that 

were appropriate in the current New Zealand context (see section 5.6.1.1). To extend the previous 

analysis of Wald, two additional cost factors (see table 6.7 for factors and tested ranges) were 

incorporated into the analysis; firstly the impact of opportunistic screening (55, 183) and secondly, the 

inclusion of the additional cost to the health service of an individual with current CVD (161). 

Opportunistic screening was included by calculating the cost of a GP appointment and then allotting a 

fraction of that appointment cost (between 0.25 and 1) to the act of screening. This was partially 

incorporated into the original Wald paper by including a range of costs (between £100 and £200) 

associated with screening. The source of these costs was not specified in the paper and the values 

appear to be primarily chosen to demonstrate the impact of a range of costs rather than describing a 

specific scenario. A comparison between the medication and screening costs found in the Wald 

analysis and those estimated from the New Zealand scenario can be found in a following section of 

this Chapter, ‘Comparison between the Wald and current analyses’. 

Wald focused on the screening aspects of CVD prevention and so did not include the additional cost 

to the health services of an individual with a documented history of CVD in their simulation. To add 

this aspect to the simulation, the cost associated with an individual with incident CVD (i.e. have been 

simulated to have had an event) is now included in the current simulation. This new cost represents 

the additional resources required to treat and manage a person with existing CVD, both in the year of 

the first event and in subsequent years. Importantly, this value does not represent the total cost to the 

health service of a person with CVD, as that would overestimate the impact, rather it is the additional 

costs incurred by the health service for individuals with CVD (161). 

Factor Base case value Minimum Maximum 

Appointment with a general practitioner –  

estimated cost to government + out of pocket co-payment 
67.12 39.55a 85.38b 

Annual cost of medication 29.46b 22.01 b 36.83 b 
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Proportion of GP visit allocated to CVD screening – 

opportunistic screening 
0.75 0.25 1 

CVD event cost modifier 1 0.75 b 1.25 b 

Table 6.7 Counterfactual values testing with the costing variables 

a Estimated governmental component (including capitation) in the absence of a patient co-payment and 

adjusted via consumer price index (CPI) to 2017 $NZ (162). 

b +/- 25% base estimate 

6.3.3.2 Results 

When the New Zealand relevant costs of GP time or medication were explored. using either CVD free 

life years or QALYs outcomes, the ‘cost per unit benefit’ increased (see supplement table 1 and 2). 

This was to be anticipated as a base assumption in the simulations because the cost component has no 

relationship with medication adherence (elaborated on further in the following discussion). Therefore, 

alterations in these values will not impact on the benefit (i.e. CVD-free life years or QALYs) derived 

in the simulation. While these individual results are not particularly informative, the relative 

importance of the two variables (cost of medication and cost of screening) is of interest in relation to 

screening methodology. 

Screening 

Method 

Screening 

Frequency 

Medication 

threshold 

Medication and screening 

costs per CVD life year 
Total costs per QALY 

% change due 

to medication 

cost a 

% change due 

to screening 

cost a 

% change due 

to medication 

cost a 

% change due 

to screening 

cost a 

MNZRE 
Annual 5 17.0% 46.1% 1.1% 2.8% 

5-yearly 5 37.9% 22.5% 1.0% 0.7% 

Age-alone Annual 55 67.3% 0% 1.4% 0% 

Table 6.8 Percentage change in medication and screening costs 

a. % change represents the % increase when the mean value of the simulation outcomes when 

the medication or screening cost (as appropriate) is set to the maximum value compared to the 

minimum value (see table 6.7). 

To establish broader patterns, an average impact was calculated for the three screening options (see 

supplement 2 for method of calculation). This summary data (table 6.8) shows the relative importance 

of the change in medication and screening costs under the range of screening methods and when the 

different end-points were used (Medication and screening costs per CVD life year vs. Total costs per 

QALY). 

Screening 
method 

Screening Frequency 
Medication 
Threshold 

Medication and screening costs per CVD life year (NZ$) 

Proportion of GP time allocated to CVD screening 
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0.25 0.5 0.75 1 

MNZRE 

Annual 

2.5 20.74 25.35 29.96 34.57 

5 21.02 26.65 32.29 37.92 

10 21.7 28.73 35.77 42.8 

5-yearly 

2.5 12.47 13.57 14.67 15.78 

5 11.33 12.6 13.87 15.15 

10 9.85 11.35 12.85 14.35 

Age-alone Annual 

50 12.41 12.41 12.41 12.41 

55 10.97 10.97 10.97 10.97 

60 9.52 9.52 9.52 9.52 

Table 6.9. An indication of the impact of the cost per CVD-free life year where the cost is limited to 

the screening and medication expenses and all other variables are held at baseline.  

Screening 
method 

Screening Frequency 
Medication 
threshold 

Total costs per QALY (NZ$) 

Proportion of GP allocated to CVD screening 

0.25 0.5 0.75 1 

MNZRE 

Annual 

2.5 515.71 521.67 527.64 533.6 

5 529.57 536.82 544.08 551.33 

10 566.28 575.2 584.13 593.05 

5-yearly 

2.5 519.98 521.4 522.82 524.24 

5 531.04 532.67 534.29 535.92 

10 554.78 556.68 558.57 560.47 

Age-alone yearly 

50 506.32 506.32 506.31 506.31 

55 519.12 519.12 519.12 519.13 

60 535.89 535.89 535.89 535.89 

Table 6.10. An indication of the impact of the cost per CVD free life year where all other variables are 

held at baseline, including CVD event cost modifier, medication and screening costs which are 1, 

67.12 and 36.83 respectively.  

Two patterns are quite apparent. Firstly, the cost of screening is more important when screening is 

annual rather than 5 yearly (and not at all for age-alone as there is no formal screening). When risk is 

calculated on a 5-yearly basis or by age, the role of screening costs is diminished, and the medication 

component becomes more significant. Secondly, when the endpoint is calculated as total cost per 

QALY, the impact of screening and medications as a proportion of the total cost (which is dominated 

by the cost of illness) is relatively small compared to when the endpoint is calculated based on 

medication and screening costs per CVD life year. 

When the impact of the proportion of a GP visit allocated to CVD screening is assessed, a similar 

pattern can be seen (tables 6.9 and 6.10). As this variation is focused on the cost of screening, the 

largest impact is seen in the annual screening method. Again, as a proportion of the total cost (as 

assessed in total cost per QALY), the variation on this basis is small, even in the annual screening 

group. 
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Finally, the impact of the cost to the healthcare system of CVD event was assessed. Modification of 

this variable had no impact on the ‘cost per CVD-free life year’ measure as it does not include the cost 

of a CVD event. This highlights the weakness of using this endpoint which is insensitive to a major 

cost driver in this analysis and provides evidence to promote the use of a broader range of cost data in 

future analyses and the use of a cost per QALY endpoint. When the endpoint was the cost per QALY, 

(table 6.11) a dramatic increase in cost was observed with increasing cost of the management of CVD 

patients. The magnitude of the change observed in this analysis is much greater than that seen in table 

6.10, despite a much larger variation in the variable of interest. In table 6.10 there is a 75% reduction 

in the variable of interest (proportion of GP allocated to CVD screening), which cause only a small 

impact on the end point (between $15 and $30 per QALY). In contrast when the CVD cost of illness 

is reduced by 25%, this causes a change of over $100 per QALY. This demonstrates the key role the 

cost of illness CVD management plays in this endpoint relative to the other included costs. 

Screening 
Method 

Screening Frequency 
Medication 
threshold 

Total costs per QALY (NZ$) 

CVD cost of illness cost modifier 

0.75 1 1.25 

MNZRE 

Annual 

2.5 421.06 548.47 675.88 

5 422.51 549.47 676.43 

10 449.71 584.54 719.38 

5-yearly 

2.5 403.73 531.95 660.16 

5 422.32 557.11 691.9 

10 428.69 566.1 703.51 

Age-alone Annual 

50 381.98 503.87 625.75 

55 401.85 530.99 660.14 

60 422.15 558.76 695.36 

Table 6.11 The impact of the cost of a CVD event on the cost per QALY measure. 

6.3.3.3 Discussion 

The most dominant variable assessed in this section of the analysis was the cost of illness associated 

with CVD. As this cost was excluded from the Wald analysis, the relative importance of the 

remaining costs was, arguably, exaggerated. When the cost variables were analysed on a total cost per 

QALY basis, the impact of medication and screening became a much smaller component of the 

overall cost. This is not to say that they are not important. However, without the context of the other 

costs associated with CVD, it is difficult to assess the relative importance of any observed difference 

between risk screening methods. 

The cost of screening within this model was developed primarily on the basis of the hourly cost of 

GPs, who currently undertake or manage most CVD risk screening (55). The possibility of an 

alternative approach outside of primary care could reduce the cost, but may not be as effective, 

impacting on screening rates and therefore the potential for appropriate medication. Current evidence 
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indicates that there are very high levels of screening in primary care with over 90% of eligible 

individuals having received a CVD screening episode within the last five years (184). As the current 

system is working extremely effectively, the comparative effectiveness of alternative cheaper 

screening providers would have to carefully considered. Alternate models of accessing risk screening 

could be tested, for example, by nurse or other health practitioner-led services. Currently, prescribing 

capabilities for professions other than qualified doctors are limited, potentially placing an additional 

barrier in the pathway to medication. More extreme methods could be trialled, for example, automated 

booths where data is entered by the patient and biological measurements automatically taken (i.e. 

blood pressure). This level of automation could provide broader access. However, current evidence in 

New Zealand does not suggest that access is an major issue (184) although this might not be true for 

all communities or regions.  

Within the context of this model, the financial impact has been assumed to be entirely, or 

substantially, borne by the health service, hence the lack of impact of medication adherence rates. 

This is based on the heavily subsidised medication model used in New Zealand and evidence to 

indicate that changes in the amount of out-of-pocket co-payment fees associated with medication 

dispensing only has a modest effect on medication compliance and uptake (185, 186). There is 

evidence that large absolute changes in out-of-pocket payments can have an impact on medication 

adherence especially in vulnerable people, so if a large change in the subsidisation model was 

proposed, the impact of adherence would have to be modelled (187). 

While this analysis examined the impact of changes in a range of key cost related variables, it does 

not attempt to fully quantify the actual ability to meaningfully shift these costs. The New Zealand 

Pharmaceutical Management Agency (PHARMAC) are considered to be very effective at managing 

and minimising drug costs by international standards (188). While there are other components to the 

medication costs (dispensing fees being the other major part), the likelihood of a major modification 

of cost for a generic medication class is arguably limited. 

What has not been assessed in this analysis, as it would be very speculative, is the development of a 

new and very expensive intervention for the primary prevention of CVD. From the current analyses it 

can be extrapolated that an increased medication cost would result in a greater focus on predictive 

accuracy, which would move the balance of benefit towards calculated risk screening and away from 

age-alone methods. 

6.3.4 Impact of adverse events 

6.3.4.1 Background 

There are a range of potential harms that could be assessed in relation to medication use, the most 

common of which is adverse events (AEs). The impact of AEs due to CVD preventative medication 

has been the topic of discussion within the literature, with much of it focusing on statins (169, 189). 
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Importantly for the current analysis, the literature indicates that patients reporting AEs have a lower 

medication adherence rate than those who do not (20, 190). Even the media reporting of potential 

adverse events associated with statins has been observed to have an impact on population compliance, 

indicating a relatively high sensitivity to medication related AEs (191). In addition to medication 

adherence issues, AEs have impacts on quality of life of patients experiencing them, including 

interrupting normal daily activity (133). 

AEs were considered by Wald in their broader analysis however a decision was made to exclude them 

from the simulation; “Preventive treatment has adverse effects, but these are largely minor and 

reversible” (1) (p.6). An argument could be advanced that Wald were essentially limiting the harms 

associated with the excess use of statins to the cost associated with the screening and medication. The 

exclusion of AEs by Wald was understandable in the context of their analysis for a number of reasons. 

Firstly, the focus of the paper was on the balance between medication and screening costs, not quality 

of life. Secondly, there were limited mechanisms by which to include AEs given the end point of 

‘CVD free life years’ used in that analysis. 

The candidate however considered AEs sufficiently important to investigate the potential impact on 

outcomes they may cause. In the current analysis the rate of adverse events has been modelled on the 

reported adverse event rate in a community-based population (133). RCT evidence indicates that the 

‘actual’ rate of adverse events is lower than the reported rate, where the ‘actual’ rate is the reported 

adverse event rate in the active arm subtracted from the reported adverse event rate in the control arm. 

The goal of this is to remove the ‘nocebo’ effect, the expectation of a negative outcome alone leading 

to the worsening of a symptom portion of the AE rate (148, 149). For the purposes of these 

simulations, the perceptions of patients, which then drives quality of life and medication adherence, 

was considered more important than the ‘actual’ effect. To capture the perceived, as opposed to the 

‘actual’, AE rate, the data used was based on the reported rates of AEs in a medicated community 

rather than from trials. 

To estimate the impact of AEs within the simulation, four individual components of adverse events 

were modelled. These were; the rate at which individuals experience AEs, the proportion of those who 

experience adverse events who subsequently become non-adherent (i.e. adverse event caused non-

adherence), the disutility associated with adverse events and finally the proportion of individuals who 

visit the general practitioner when they experience adverse events. The range of values explored in the 

analysis are detailed in table 6.12 with the data supporting the base case values found in section 

5.6.1.2. 

Factor Base case value Minimum Maximum 

Proportion experiencing adverse events 10% (133, 134) 5 25 
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Adverse event caused by non-adherence 20% (133)a 15 25 

Disutility associated with adverse events 0.05 (165) b 0 0.1 

Proportion of individuals with AEs visiting 

GP 

 20% c 0 100% 

 Table 6.12. Variables included in the adverse events analysis along with the range of values 

a Minimum and maximum based on a +/- 25% variation  

b Minimum and maximum based on a +/- 100% variation 

c Upper threshold chose to represent all individuals who have a AE visiting a GP. 

6.3.4.2 Results 

The impact of AEs, as implemented within this model, made no observable difference when the 

endpoint was medication and screening costs per CVD life year (tables 6.13) and had only a small 

impact when the endpoint was total cost per QALY (table 6.14). At an adverse event rate greater than 

0% there was an increasing cost per unit benefit for screening costs per CVD life year, however the 

difference was approaching the level of Monte Carlo error (i.e. randomness due to random number 

generation) within the simulation. The impact of additional GP resource usage was also very limited 

under the scenarios modelled with the additional costs being indistinguishable from the background 

variation in the simulations.  
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Screening 

method 

Screening  

Frequency 

Medication 

threshold 

Medication and screening costs per CVD life year (NZ$) 

0% adverse event rate 10% adverse event rate 20% adverse event rate 

Discontinuation rate Discontinuation rate Discontinuation rate 

0% 20% 40% 0% 20% 40% 0% 20% 40% 

MNZRE 

Annual 

2.5 30.03 29.95 29.92 29.97 30.18 30.4 29.84 30.32 30.81 

5 32.31 32.36 32.32 32.28 32.53 32.81 32.27 32.78 33.3 

10 35.58 35.47 35.58 35.63 35.76 35.87 35.47 35.92 36.32 

5-yearly 

2.5 14.65 14.63 14.6 14.7 14.58 14.51 14.63 14.49 14.36 

5 13.85 13.86 13.89 13.88 13.8 13.76 13.91 13.79 13.58 

10 12.84 12.91 12.92 12.88 12.92 12.79 12.91 12.79 12.71 

Age-alone Annual 

50 12.46 12.47 12.47 12.46 12.24 12.13 12.43 12.05 11.72 

55 11.01 11.03 11.04 11.02 10.89 10.72 11.03 10.68 10.39 

60 9.56 9.54 9.55 9.57 9.42 9.32 9.57 9.3 8.95 

Table 6.13. A cross tabulation of the impacts on a range of AE and discontinuation rates on the screening cost per CVD free life year endpoint where all other 

variables are held at baseline values. 

Screening 

Method 

Screening 

Frequency 

Medication 

Threshold 

Total costs per QALY (NZ$) 

0% adverse event rate 10% adverse event rate 20% adverse event rate 

Discontinuation rate Discontinuation rate Discontinuation rate 

0% 20% 40% 0% 20% 40% 0% 20% 40% 

MNZRE 

Annual 

2.5 531.72 531.83 531.69 533.67 536.81 536.18 529.52 531.51 540.71 

5 544.9 543.82 543.67 545.92 549.29 558.7 542.7 554.23 563.27 

10 579.81 572.15 577.42 582.6 582.4 583.31 578.65 585.26 589.4 

5-yearly 

2.5 518.65 515.46 511.98 524.6 518.39 525.64 520.35 526.44 531.81 

5 532.85 533.54 538.34 539.59 538.26 542.13 538.82 544.39 542.42 

10 558.64 563.75 563.85 562.03 575.2 566.2 565.3 569.58 576.14 

Age-alone Annual 

50 503.78 504.11 507.17 506.05 506.1 510.38 504.51 507.89 516.02 

55 516.73 519.06 515.75 513.19 518.71 522.37 514.82 521.11 526.93 

60 531.1 528.91 534.95 537.82 538.99 540.06 534.3 545.36 539.18 

Table 6.14. A cross tabulation of the impacts on a range of AE and discontinuation rates on the total cost per QALY endpoint where all other variables are 

held at baseline values. 
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6.3.4.3 Discussion 

Even assuming relatively high rates of both AEs and AE-related medication discontinuation, the 

summary estimates of effect were not greatly altered. This has its origins in several factors, including, 

the method of simulating medication allocation and adherence, the method of assessing the risk of 

CVD, and the impact of medication re-challenge; these will be expanded on in the following 

paragraphs.  

To experience an adverse event, a person must first be eligible for medication and then be adherent to 

that medication at an adherence rate of 60% prior to any AEs, as per the base case simulation (section 

5.6.1.2). If a person is either not eligible or non-adherent with medication, there is no possibility of 

experiencing an AE in the cycle. If a person is medication adherent, then their risk of an AE is tested 

on a Monte Carlo basis to determine AE status at the time of medication assignment (see section 

5.4.3). For those who are found to experience an AE, an additional test is undertaken to see if the 

person discontinues medication because of the AE. If a person does not experience an AE in the first 

annual cycle of taking medication, the chance of experiencing AE is reduced to 10% of the original 

risk to represent the much-decreased likelihood of experiencing delayed onset AE. An exception to 

this is if a person experiences an AE in the prior cycle, in the current cycle they are at the full risk (as 

determined in the simulation) of experiencing a subsequent AE.  

If an individual does discontinue medication because of an AE, and in a future cycle starts taking 

medication again (as determined by the ‘Medication adherence - if indicated for medication 

previously but not adherent’ value from section 5.6.1.2) the risk of an AE will be considered that of a 

normal individual. Data on rechallenge and uptake rates indicates that a large percentage of 

individuals can be successfully medicated (154, 192, 193) after a reported AE if rechallenged with 

appropriate medication. 

By the mechanism described above, an individual has a limited opportunity to experience an AE, then 

a further reduced chance of discontinuing medication and, if not symptomatic in the first cycle of 

medication, a dramatically reduced chance of experiencing an AE in subsequent cycles. If an 

individual does experience an AE, the chances of it extending into future cycles are determined by a 

test every cycle (rather than permanently remaining in a AE state by default) and there is no penalty in 

terms of an AE occurrence on re-medication (although there is a penalty in terms of becoming re-

medicated as mentioned above). 

These combined effects explain why AEs have a minimal impact within the model. This was not an 

intentional design decision as AE effects were anticipated a priori by the candidate to have the 

potential to be a major driving factor. The modelling reflects the data available and indicates that they 

have a small role in this system, under current settings. While these findings support the decision of 
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Wald to exclude AEs from their analysis, in future research the candidate will explore conditions 

under which AEs do become a factor. This could include more highly stratified data where sub-

populations might be more sensitive to the impacts of AEs. There is evidence that increasing age is 

associated with greater risk of reported AE related to myalgia. There is also evidence that specific 

sub-populations; for example females and individuals of Asian ethnicity  experience AEs at a higher 

rate than males and Europeans respectively (194). As female gender and Asian ethnicity are also 

associated with lower overall CVD risk, this may alter the cost-benefit balance as the CVD benefit is 

less when pre-treatment CVD risk is low. 

In summary, as modelled in this simulation, the impact of AEs is unlikely to make a meaningful 

difference to the choice of a risk screening strategy. 

6.3.5 Impacts of medication disutility 

6.3.5.1 Background 

In addition to AEs (section 6.3.4) the candidate also investigated the impact of disutility associated 

with taking daily medication even in the absence of an AE. The two effects, AEs and medication 

disutility, have been separated as they have quite different root causes and population impacts so, 

while being superficially similar, they are assessed and reported separately. 

Medication disutility is the small reduction in quality of life that people experience when taking daily 

medication. This disutility has been estimated in a number of experiments where people were asked to 

indicate how much additional wellbeing they would require to consider taking a hypothetical ‘perfect 

medication’ (130, 166, 195). This perfect medication would have no cost or side effects, hence the 

separation from the AE analysis. Across the sampled populations there was a broad distribution of 

responses. Some individuals reported requiring only a small amount of benefit and they ‘don’t mind’ 

taking the medication, indicating that the impact on their quality of life was low and consequently so 

was their medication disutility. A small but significant minority required a very large benefit (more 

than 10 years of additional life in one study) and strongly objected to taking medication, indicating a 

high medication disutility. The majority of individual across the studies indicated that they would take 

medication if they considered the benefits to be sufficient, but would not take medication if they 

perceived there to be little or no benefit. This was interpreted in the studies to indicate a small, but not 

absent, medication disutility for the majority of people.  

As the lowering of thresholds for treatment has the potential to lead to the treatment of large 

proportions of a population, including many relatively low risk people, the disutility around taking 

daily medication was included in the simulation. This was done by subtracting a small amount of 

quality of life for every cycle that an individual was medicated. As this analysis relies on the ability to 

modify QALYs to express the disutility, it was not possible to present using the medication and 
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screening costs per CVD life year endpoint. As such, only the total cost per QALY analyses are 

reported.  

6.3.5.2 Results 

Under the conditions of the base case scenario, the impact of medication disutility was minimal with 

shifts of less than 1% between no disutility and 0.005 disutility which was the upper bound of the 

parameter sweep. As can be seen in Table 6.15, there was a slightly larger impact in the lower 

threshold ranges. This difference is however unlikely to be important within the context of the overall 

analysis.  

Screening 

method 

Screening 

Frequency 

Medication 

Threshold 

Medication disutility per annum 

0 0.001 0.002 0.003 0.004 0.005 

MNZRE 

Annual 

2.5 553.86 554.14 554.41 554.68 554.95 555.23 

5 556.15 556.37 556.61 556.84 557.08 557.32 

10 592.99 593.18 593.37 593.55 593.74 593.93 

5-year 

2.5 532.88 533.11 533.35 533.58 533.82 534.06 

5 558.29 558.51 558.71 558.92 559.13 559.35 

10 567.64 567.8 567.97 568.14 568.3 568.47 

Age-alone Annual 

50 503.32 503.59 503.87 504.14 504.41 504.68 

55 530.49 530.74 530.99 531.24 531.49 531.75 

60 558.31 558.53 558.76 558.98 559.21 559.43 

Table 6.15. The impact of a range of disutility values on total cost per QALY. 

6.3.5.3 Discussion 

As framed in the current analysis and within the thresholds simulated, the impact of medication 

disutility is unlikely to have an impact of the choice of risk assessment strategy. Taking the base 

values in this simulation, a utility of 0.8 per year with CVD and a disutility of 0.005 per medicated 

year, it can be seen that a single year in a CVD state is a much larger burden that the medication 

disutility. If the disutility of having CVD is approximated at 0.2 (where a non-CVD year is assumed 

to be 1), it will take 100 years of medication disutility (even at a 0% discount rate) to counteract a 

single year of being in a CVD state. 

A moderate percentage of those studied in regard to medication disutility expressed a strong dislike of 

medication, described by Fontana et al. as experiencing ‘extreme disutility’, those requiring more than 

10 years of benefit to consider a daily medication worthwhile (195). Within this work, an average 

value from the whole population has been used, which includes those who expressed an extreme 

medication disutility. The averaged disutility has then been applied to all medicated individuals, 
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however there is likely to be an interaction between those who are non-adherent to medication and 

those who have an extreme disutility to medication. Extrapolating from that assumption, the true 

disutility of those who are adherent (what could be called ‘realised disutility’) is likely to be 

moderated by the self-selection out of the medication pool of those who are strongly averse to 

medication. In this way the values used in the analysis are likely to represent the upper end of the 

impact of medication disutility effect estimate. Given the efficacy of statins in preventing CVD, in a 

moderate to low risk individual (152) and this ratio of benefit (CVDs prevented) to medication 

disutility, it is very unlikely that there is a scenario where the disutility will be a deciding factor.  

Based on the current results, it is unlikely that medication disutility will stimulate any meaningful 

change in the policy making process when the impact on cost effectiveness is considered. The 

conditions under which this conclusion may not be true include; 

 a much larger disutility than is currently estimated from available data, 

 a very low threshold (either age or risk) implemented thereby increasing the number of 

medicated years while simultaneously moving the likely benefit (the prevention of a CVD 

event) further into the future from the medication start point, 

 and increasing the size of any discount rate applied to benefits. 
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6.4 Supplementary information 

Supplement 1. Additional tables 

Screening 
method 

Screening Frequency 
Medication 
threshold 

Medication and screening costs per CVD free life year (NZ$) 

Screening cost 39.55 Screening cost 67.12 Screening cost 85.38 

Med cost 
22.01 

Med cost 
29.46 

Med cost 
36.83 

Med cost 
22.01 

Med cost 
29.46 

Med cost 
36.83 

Med cost 
22.01 

Med cost 
29.46 

Med cost 
36.83 

MNZRE 

Annual 

2.5 21.4 24.28 27.13 27.08 29.96 32.81 30.84 33.72 36.57 

5 22.92 25.34 27.74 29.86 32.29 34.69 34.46 36.88 39.28 

10 25.22 27.1 28.96 33.89 35.77 37.63 39.63 41.51 43.37 

5-yearly 

2.5 10.73 13.32 15.88 12.09 14.67 17.23 12.99 15.57 18.13 

5 10.09 12.3 14.49 11.66 13.87 16.06 12.7 14.91 17.1 

10 9.28 11 12.71 11.13 12.85 14.55 12.35 14.07 15.78 

Age-alone Annual 

50 9.27 12.41 15.51 9.27 12.41 15.51 9.27 12.41 15.51 

55 8.2 10.97 13.71 8.2 10.97 13.71 8.2 10.97 13.71 

60 7.11 9.52 11.9 7.11 9.52 11.9 7.11 9.52 11.9 

Supplementary table 1. Medication and screening costs per CVD-free life year.  A cross tabulation indicating the cost per CVD-free life year where the cost is 

limited to the screening and medication expenses where all other variables are held at baseline.  
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Screening 
method 

Screening Frequency 
Medication 
threshold 

Total costs per QALY (NZ$) 

Screening cost 39.55 Screening cost 67.12 Screening cost 85.38 

Med cost 
22.01 

Med cost 
29.46 

Med cost 
36.83 

Med cost 
22.01 

Med cost 
29.46 

Med cost 
36.83 

Med cost 
22.01 

Med cost 
29.46 

Med cost 
36.83 

MNZRE 

Annual 

2.5 516.46 520.19 523.87 523.91 527.64 531.32 528.85 532.57 536.25 

5 531.93 535.05 538.14 540.96 544.08 547.17 546.93 550.05 553.14 

10 570.68 573.07 575.42 581.74 584.13 586.49 589.07 591.45 593.81 

5-yearly 

2.5 517.65 520.98 524.27 519.49 522.82 526.11 520.7 524.04 527.33 

5 529.38 532.21 535.01 531.46 534.29 537.1 532.84 535.68 538.48 

10 553.99 556.17 558.33 556.39 558.57 560.73 557.98 560.16 562.32 

Age-alone Annual 

50 502.15 506.2 510.22 502.26 506.31 510.33 502.33 506.39 510.4 

55 515.46 519.03 522.56 515.56 519.12 522.65 515.62 519.19 522.72 

60 532.73 535.81 538.84 532.82 535.89 538.93 532.87 535.94 538.98 

Supplementary table 2. A cross tabulation indicating the total cost per QALY where all other variables are held at baseline
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Screening 

method 

Screening 

Frequency 

Medication 

threshold 

Disutility associated with experiencing an AE  

0 0.025 0.05 0.075 0.1 

MNZRE 

Annual 

2.5 530.32 530.38 530.44 530.51 530.56 

5 545.44 545.49 545.54 545.6 545.65 

10 583.15 583.19 583.24 583.28 583.32 

5-yearly 

2.5 513.59 513.64 513.7 513.75 513.8 

5 536.98 537.02 537.07 537.12 537.16 

10 558.07 558.1 558.14 558.18 558.22 

Age alone a Annual 

50 507.12 507.18 507.24 507.31 507.37 

55 519.23 519.29 519.34 519.4 519.46 

60 533.86 533.9 533.95 534 534.05 

Supplementary table 3. The impact of AE disutility on the total cost per QALY endpoint 

where all other variables are held at baseline values. 

 

Screening 

method 

Screening 

Frequency 

Medication 

threshold 

Percentage of individuals who experience 

 an AE who visit a GP due to AE  

0 20 40 100 

MNZRE 

Annual 

2.5 29.93 29.89 30.02 30.02 

5 32.41 32.39 32.28 32.41 

10 35.58 35.58 35.56 35.67 

5-yearly 

2.5 14.64 14.62 14.59 14.65 

5 13.82 13.88 13.79 13.81 

10 12.88 12.81 12.89 12.87 

Age-alone a Annual 

50 12.38 12.4 12.42 12.38 

55 10.96 10.98 10.98 10.99 

60 9.51 9.49 9.5 9.5 

 Supplementary table 4. The impact of GP visits as a result of experiencing an AE on the 

screening cost per CVD free life year endpoint where all other variables are held at baseline 

values. 

 

Screening 

method 

Screening 

Frequency 

Medication 

threshold 

Percentage of individuals who experience 

 an AE who visit a GP due to AE 

0.25 0.5 0.75 1 

MNZRE 

Annual 

2.5 524.71 530.44 533.47 526.53 

5 552.26 545.54 538.84 553.13 

10 579.82 583.24 577.88 581.92 

5-yearly 

2.5 521.4 513.7 514.5 519.6 

5 530.64 537.07 530.27 530.17 

10 568.3 558.14 563.48 565.31 

Age-alone a Annual 

50 501.47 507.24 507.55 505.8 

55 515.2 519.34 520.75 521.52 

60 536.34 533.95 534.17 531.74 

Supplementary table 5. The impact of GP visits as a result of experiencing an AE on the total 

cost per QALY endpoint where all other variables are held at baseline values. 
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Supplement 2. Calculation of average percentage change from multiway tables. 

 

To show the joint variability of related variables a number of data sets were included in multiway 

tables (Supplementary tables 1-5). The number of cells is based on the number of levels in the three 

variables, in this case 3 levels in each resulting in 27 (3*3*3) cells per risk assessment method and 

screening cycle paring. 

 

Supplementary figure 1. Guide to reading the cross-tabulation tables.  Arrow 1 indicates the 

cells relevant cells to compare to observe the effect maximising the risk threshold when all 

other variables are held steady. Arrows 2 and 3 indicate the impact of maximising the 

medication and screening values respectively. Arrow 4 indicates the impact of maximising the 

risk threshold, medication and screening costs simultaneously.  

When calculating the average difference between the minimum and maximum for any of the levels of 

interest that removes one dimension from the as the relationship is now fixed so the number of 

possible cells becomes 3*3. Supplementary figure 1and supplementary figure 2 describe the 

relationship for calculating the nine min-max differences for medication cost and screening cost 

respectively. 

 

Supplementary figure 2. Calculation of difference between min and maximum medication 

cost. 
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Supplementary figure 3. Calculation of difference between min and maximum medication 

cost. 

This can be calculated as a percentage ((valuemax / valuemin) * 100 ) change between the minimum and 

maximum values which allows for a comparison between the factors of interest (in this case 

medication and screening cost) across the plausible range of values. To gain an overall estimate of 

effect an average can be taken of the 9 values to provide a summary value indicating the effect of the 

factors of interest across the range of scenarios. 
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Section D: Limitations and conclusion 

Chapter 7. Principal findings, strengths, limitations and conclusions 

In this final Chapter the candidate summarises the principal findings of the thesis. Following this the 

strengths and limitations of the analyses are highlighted and the findings contrasted with those from 

the Wald paper that inspired the thesis.  Finally, the potential policy implications of the findings are 

outlined. 

7.1 Statement of principal findings 

The primary goal of this thesis was to construct a simulation model and apply it to the contemporary 

New Zealand adult population to estimate the impact of an age-based versus a predicted CVD risk-

based approach to CVD risk assessment for determining eligibility for primary preventive 

medications. To reach that goal two main sets of analyses were required and the major findings of 

these analyses are summarised below. 

The aim of first set of analyses was to develop a synthetic population that reflected the current CVD 

risk profile of the total adult New Zealand population. The associated validation analyses confirmed 

that the aim was achieved and this research represents the first synthetic population developed to 

represent the CVD characteristics of a New Zealand population (68). It has also provided a model for 

developing future synthetic populations and an updated version of the population is currently under 

development as well as a proposal to develop an Australian version. 

The synthetic population was used to describe the current CVD risk profile of the total adult New 

Zealand population. This comprehensive and large-scale dataset represented a significant advance on 

the limited national level data that had previously been available (65) and has already been used in 

several publications (67, 68) as well as for planning purposes at the MoH (personal communication).  

A direct comparison was then made between predicted CVD risk distributions in the synthetic 

population, firstly derived using the NZ Framingham equation that has been recommended in New 

Zealand for the last 15 years and secondly derived using the newly developed MNZRE, an updated 

version of which has now been endorsed by the MoH as a replacement for the NZ Framingham 

equation (57). As the variables required for both equations were available for all synthetic individuals, 

it was possible to calculate two risks for each ‘person’ in the total adult population and describe the 

impact of introducing the new equations compared to continuing with the old equation. 

These analyses demonstrated that the proportion of people eligible for consideration of preventive 

drug treatment would fall by up to 80% using the new equations, unless recommended treatment 

thresholds were also lowered. As a direct result of these findings, in early 2018, a MoH expert group 



 

145 

 

 

recommended lowering the CVD risk threshold for considering preventive treatment, which 

coincidentally brought New Zealand treatment recommendations more in line with international 

guidelines. 

The aim of the second set of analyses in this thesis was to develop a micro-simulation to replicate, 

update and extend the earlier simulation analyses undertaken by Wald and colleagues using a UK 

population in whom risk was estimated using a Framingham equation. The updating included the use 

of screening and medication costs in line with current New Zealand costs and new risk equations that 

more accurately represented CVD risk in the contemporary New Zealand population. The extensions 

to the simulation included taking medication adherence and adverse event data into account and using 

a more inclusive characterisation of cost (notably including the cost of illness). Under the conditions 

developed for the main simulation analyses, which were designed to resemble the current New 

Zealand, an age-alone approach to CVD risk assessment appeared to be a more efficient method of 

allocating medication for the primary prevention of CVD than a calculated CVD risk-based approach. 

These results broadly supported Wald’s conclusions, even after the inclusion of a number of addition 

variables, thought a priori, to be of potentially significance. 

However, these conclusions assumed that the risk assessment approach (age-alone versus calculated 

risk) would not impact on medication adherence, yet when medication adherence for the age-alone 

approach was reduced by approximately 5%, the potential benefits of the age-based approach were 

negligible. As it is reasonable to assume that medication adherence may be better when prescribed by 

a GP after a comprehensive risk assessment and discussion, than when simply recommended based on 

a person’s age, these updated and extended simulation analyses call into question Wald’s main 

conclusions. Unfortunately, there is currently very limited evidence to inform a decision to include or 

not to include differential medication adherence in the simulation analyses or to guide decision on the 

size of the effect if it is included. 

In addition, when a broader view of the cost and benefits was taken by using the endpoint ‘total cost 

per QALY’ rather than ‘screening and medication cost per CVD-free life year gained’, and when New 

Zealand costing data was used, the differential between the risk assessment methods was further 

reduced. These factors would make a decision to change the currently recommended approach to 

making treatment decisions from a predicted risk-based approach to an age-alone approach, a step into 

the unknown. In line with the precautionary principle, until there is new information on the 

differential impact of an age-alone approach to medication adherence, it would be hard to support a 

change from the current predicted CVD risk approach. 
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7.2 Comparison between the Wald and current analyses 

From the results above, the critical structural decisions within the simulations were: 

 the end points used and, 

 medication adherence assumptions. 

7.2.1 End points 

The impact of the choice of endpoints is illustrated in the paired tables presented in Chapter 6 (for 

example Tables 6.3 and 6.4), where the cost per unit benefit increased by more than an order of 

magnitude between the endpoint used in Wald and the candidate’s endpoint. The endpoints in both the 

Wald and the candidate’s simulations were composed of a cost to benefit ratio. In the Wald analysis 

the end point was ‘screening and medication cost per CVD-free life year’, whereas in the candidate’s 

analysis, the end point was extended to include ‘total cost per QALY’.  

7.2.1.1 Costs 

Impact of using ‘screening and medication costs’ only versus ‘total costs’ 

The costs as assessed in Wald were composed solely of screening and medication inputs. Following 

this approach, modifying the number of medicated days or screening events would have a large 

proportional impact on the results as there were no other cost components assessed. ‘Total costs’ are 

differentiated from ‘screening and medication costs’ primarily by the incorporation of the cost of 

illness. When these other substantial costs were included, the relative influence of the screening and 

medications costs on the overall outcome were significantly reduced.  

Characteristic of the screening and medications costs 

In the initial Wald analyses, three levels of cost (low, medium and high) were modelled for both 

annual cost of medication and screening costs (see Table 7.1). These costs were described as 

‘illustrative’ and not directly supported by referenced evidence. Due to the ‘illustrative’ nature of the 

cost it was not possible to further decompose the values (for example medication cost vs dispensing 

fees) and estimate the impact of these components. The costs of screening and medication were 

recalculated in the thesis simulations to represent values appropriate from to New Zealand healthcare 

system. The comparison between the values used in the thesis simulation and those values chosen for 

the Wald analysis are of importance for two reasons: 

 firstly, the values used in the Wald analysis were far higher than the plausible values that 

were identified by investigating current New Zealand screening and treatment costs (Table 

7.1) and, 
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 secondly, the relative cost of a screening episode and annual medication cost were reversed in 

New Zealand, with the annual medication cost being lower than the cost of screening in New 

Zealand (Table 7.2). 

 Medication costs Screening costs 

Range of estimated costs Low  Medium  High Low Medium High 

Wald costs (GB£) a  100 200 400 100 150 200 

Wald costs (2017 NZ$) b 181 362 724 181 271 362 

Estimated NZ costs (2017 NZ$) c 29.46 67.12 

Multiple of base case value  6.2 12.3 24.6 2.7 4.0 5.4 

Table 7.1. Comparison between the range of cost variables included in the original Wald paper 

compared to the base case values used in the current analysis 

a. Reference to data sources for medication and screening costs were not provided in Wald and 

the authors describe them as ‘illustrative’ so it would be assumed that the value will be 

interpreted as ‘current’. 

b. Values converted using an exchange rate of 1 NZD = 0.5522 GBP which is the average daily 

exchange rate for 2017 reported by the Reserve Bank of New Zealand (data available from 

https://www.rbnz.govt.nz/statistics/b1) 

c. See Section 5.6.1.1 for references to support values 

As indicated in the results (Chapter 6), the cost of illness associated with CVD dominated the results 

when total cost was used as an endpoint. This was due to the low cost of annual medication ($29.46 

per annum) compared to the annual cost of illness ($12,808.60 in the year of the event and $3,111.97 

in second and subsequent years). In Table 7.1 it can be seen that if the cost of medication was 

approximately 12 times larger than used in the thesis simulation (i.e. Wald medium value), this would 

alter the relative importance of medication compared to the cost of disease, as the annual cost of 

medication would become approximately $362 (see footnotes in Table 7.1 for steps used to reach 

these values). As was indicated in section 6.3.2, when the cost of medication increases, the balance of 

benefits moves towards the more discriminating method of risk selection, in this case the MNZRE 

(see Section 6.1). 

Analysis 
Base case annual 

medication 

Base case screening 

cost 

Ratio of 

medication: 

screening cost 

Wald (GB£) 200 150 1.3 

Current analysis (2017 NZ$) 29.46 67.12 0.4 

Table 7.2. Comparison between the original Wald and the current analysis with regards to the 

relative size of the medication and screening components. 

https://www.rbnz.govt.nz/statistics/b1
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As also described above, the ratio of medication cost to screening cost was inverted in the thesis 

analyses (Table 7.2). This has implications for the optimal screening strategy, as given the current 

balance of costs in New Zealand, the age-alone approach to screening would seem to be more 

favourable than the predicted risk-based approach, all other things excluded.  The reason for this is 

because as the cost of screening increases in relation to medication, the balance of benefit moves more 

towards the method that reduces (or eliminates) screening costs (i.e. the age-alone approach). 

7.2.1.2 Benefits 

The introduction of a QALY-based outcome in preference to Wald’s CVD-free life years-based 

outcome also allowed for additional detail related to medication disutility and AEs to be included in 

the simulations. These additional factors were considered likely to become increasingly important at 

lower CVD risk treatment thresholds. The absolute benefits of statins are directly proportional to a 

person’s absolute pre-treatment CVD risk, (152) therefore an individual with a low absolute risk who 

is medicated (as would be the case for a substantial proportion of individuals when mediation 

thresholds are low, see Chapter 3) would benefit less than a person at high CVD risk. In contrast, the 

relationship between individuals’ experience of medication harms (i.e. medication disutility and AEs) 

are not necessarily related to their pre-treatment CVD risk. While there is very limited published data 

on the relationship between the harms and benefits in low CVD risk populations, the potential for 

harms to outweigh benefits is most likely to be found at the low end of the risk spectrum where 

benefits will always be small. Nevertheless, the simulation analyses presented in this thesis suggest 

that neither medication disutility nor AEs are particularly influential factors among individuals who 

have moderate to high CVD risk. 

7.2.2 Medication adherence assumptions 

As discussed above, in a critical decision, Wald maintained an assumption of complete medication 

adherence. This decision created a second, unstated, assumption; that the medication rates would not 

be impacted by the risk assessment method. 

This decision was understandable in the context of an analysis in which the goal was to describe a 

theoretical scenario and demonstrate the interplay of the screening methods and costs. However, when 

the ultimate goal was to simulate a ‘real world’ situation, these assumptions of; full medication 

adherence, and the equivalence between screening methods with regard to medication adherence 

become influential. Given the lack of evidence around these assumptions, it would be prudent to 

gather further supportive evidence prior to the broad implementation of an age-alone approach to 

CVD risk screening. 
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7.3 Strengths and limitations 

Although these new analyses can be reasonably considered to be an incremental improvement on the 

previous work by Wald and colleagues, while undertaking the thesis a number of options for further 

improvements became apparent. Both the strengths and weaknesses of the analyses undertaken are 

discussed below, under three headings; the population, the equations and the simulation. 

7.3.1 Strengths 

7.3.1.1 Population strengths 

By using a New Zealand census population as the basis for generating the synthetic population, it was 

possible to represent the total adult New Zealand population in these analyses. Until the very recent 

completion of the first round of screening assessments in the large-scale PREDICT study (196), which 

is reasonably representative of the relevant New Zealand population, these were no comprehensive 

nationally representative datasets with all the variables required to calculate an individual’s CVD risk. 

Far more frequently, they were made up of modest sized regional cohorts (104) or if national, 

included small numbers when stratified by gender, age and ethnicity and did not include all the 

relevant CVD risk factors (196). As a result, the synthetic population used in these simulations was by 

far the most comprehensive nationally representative, micro-data, cohort available. Although this 

population was synthetic, the external validation analyses indicated that it provided a reasonable 

proxy for the multi-variable CVD risk factor levels of adult New Zealanders. Moreover, due to its 

synthetic nature, the population was free from privacy issues and, as such, can be shared much more 

freely than actual patient data. While the initial goal was to use the synthetic population to facilitate 

CVD simulations for assessing the impact of different treatment strategies, there has already been 

interest from research groups to use it for other applications. Future work is likely to involve 

extending the population both to include new risk factors for both CVD and other diseases such as 

cancer and to make these data available to other researchers and health service planners. 

7.3.1.2 Equation strengths 

The newly developed MNZRE was derived in a large contemporary cohort study with high quality 

data. The discrimination and calibration analysis undertaken on the equation by colleagues in the 

section of Epidemiology and Biostatistics at the University of Auckland has demonstrated that this 

equation is superior, in particular in calibration, when compared to the New Zealand Framingham 

equation. This provided a more accurate risk estimation for simulating the underlying disease 

processes than the existing Framingham equation or NZ Framingham equation. The accuracy of 

calibration of the equation was critical as this determined the absolute rate at which individuals had 

CVD events within the simulations and therefore the absolute effect of medications. If the benefits of 

medication are overestimated, then risk approaches with lower discrimination ability will not be 
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penalised correctly. Conversely, if there is an underestimation of risk, this would reduce the apparent 

benefit of medication. 

7.3.1.3 Simulation strengths 

The major benefits of the candidate’s simulations were the incorporation of a number of new variables 

allowing for the exploration of new counterfactuals. The most important of these was the ability to 

vary the population level medication adherence, as this was determined to be the key new factor 

within the analysis. The use of a medication adherence value of 60% as the base case value is 

supported by recent high-quality data and therefore can be considered more representative than the 

100% medication adherence value that was used within the Wald. 

Secondly the development of evidence-based, realistic values for the costs of medication, screening 

and cost-of-illness for CVD, gave confidence that the findings generated from the simulations were 

realistic in the contemporary New Zealand setting. 

7.3.2 Limitations 

7.3.2.1 Population Limitations 

While the validation analyses support the reliability of the synthetic population for the purposes of 

this research, (68) there were structural limitations inherent in the design. Chief amongst these was the 

static nature of the population, including the inability to control for migration and broader trends in 

the population. The population was based on the 2013 New Zealand census (72), a data source which 

was generally considered the gold standard, however the ‘usually resident population’ was not 

available so the synthetic population was based on census night counts. The usually resident 

population, which is a re-weighted population, is designed to account for non-responders and would 

have been the optimal dataset if it had been available in the granular form required. 

The number of individuals in the synthetic population was fixed. While deaths could be simulated and 

a synthetic ‘person’ removed from the population, there is currently no capacity for new synthetic 

individuals to be ‘born’. There are methods to manage this, for example the development of additional 

individuals at the lower age boundary, who are then held back from entry. As this thesis was largely a 

comparative exercise, a simulation run on the available population was unlikely to be an important 

issue. However, the inclusion of a population generation mechanism would enable a range of analyses 

to be undertaken, such as the impact of education programmes on diet and exercise in a younger 

population.  

Of potentially greater impact was the inability to adjust for migration. Immigration has the potential to 

modify the make-up of the population within the age bands which are most significant to CVD 

screening. New Zealand has a large migrant population by international standards with more the 25% 
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of the usually resident population born outside of New Zealand (197). Also, the healthy migrant effect 

posits that people who migrate to a new country are likely to be healthier on average that those who 

remain behind. This could serve to lower average risk by introducing a population of healthier people 

(198, 199). The absolute impact of this is likely to be small but this remains uncertain. Issues 

associated with calculating the magnitude of this effect include, uncertainty over the degree to which 

migrants are ‘healthier’ with respect to CVD, the modification of that risk over time (i.e. over time do 

the migrants approach the existing national risk level due to changed environmental/lifestyle factors), 

and, what degree of heterogeneity is there in the migrant risk? 

Also, New Zealand has a large overseas resident population. The absolute size of this population 

appears quite poorly quantified, but was estimated to be approximately 800,000 by Statistics New 

Zealand in 2012 (200). While many of those individuals will not return permanently, assuming a 

continuation of the current pattern, there is a cycling of younger people moving overseas and 

returning some years later. This would have the effect of increasing the resident CVD risk by 

exporting a low risk segment of the population and importing older persons. This is in effect a 

modified form of the ‘salmon effect' with the returning individuals being on average older than the 

departing cohort and therefore at greater risk of CVD (201, 202). These are essentially problems in 

the realm of demography and so are on the fringes of the scope of the current analyses, but a future 

consideration would be to develop a more dynamic synthetic population.  

Finally, this population is limited to a single disease group, CVD, despite there being an obvious 

interrelationship with other diseases that are either competing risks (e.g. a range of cancers) or critical 

parts of the broader disease course (e.g. type 2 diabetes). Ideally, any future synthetic populations 

would be developed in a modular fashion. There would be a core demographic module, and additional 

disease modules could be created around this as required or as resources became available. In this way 

a range of compatible disease models could be run to explore the impact of competing risk and 

complimentary benefits of medication; for example, the anti-thrombotic and colorectal cancer 

reducing benefits of aspirin (203, 204).  

7.3.2.2 Equation Limitations 

The MNZRE was designed to help clinicians estimate individual patients ‘overall’ CVD risk to 

inform decisions about appropriate preventive interventions. While an aggregated ‘all CVD’ outcome 

is appropriate in the clinical setting, it is not ideal in simulations which aim to quantify the quality-of-

life of a health state. For example, the aggregation of the endpoints of angina and stroke within a 

combined CVD endpoint is a significant limitation. Other equations, such as the Framingham suite of 

equations (41, 42) are able to predict multiple endpoints, including myocardial infarction, coronary 

heart disease (CHD), death from CHD, stroke, cardiovascular disease, and death from cardiovascular 
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disease. Unfortunately key equations in the Framingham suite have been shown to be poorly 

calibrated (57).  

Furthermore, none of these equations provide estimates of second or subsequent events. This is a 

feature of their clinical origin, where decisions regarding treatment following a CVD event are not 

generally informed by a new quantitative risk assessment; instead almost all post-event patients are 

treated aggressively. By contrast, the number of subsequent events and the benefit gained though 

secondary preventive medication would be of relevance for a comprehensive simulation.  

To remedy this issue, a set of equations, with one for each endpoint of interest, is currently being 

developed from the same source data used to develop the MNZRE (97). The equations will be 

modelled on the interlinked UKPDS set of diabetes equations which were designed with the intention 

of modelling diabetes progression (205, 206). The synthetic population will also be redesigned to 

include variables more suitable for modelling a range of diseases. If risk models for several of the 

major disease classes (for example CVD, diabetes, cancer and dementia related disorders) were 

developed and combined with population data of sufficient quality, then the competing risks of these 

joint diseases could be handled in far finer detail than is currently possible. 

The current simulation includes only those variables that were utilised as covariates in the MNZRE. 

Any variable that does not impact on the likelihood of an endpoint, either by inclusion in the risk 

equation or as a modifier to a transition probability, is, by definition, simply correlated with the 

outcome by virtue of the population development process and therefore ‘inactive’ within the 

simulation. The stratification of results by ‘inactive’ variables would risk giving an incorrect 

impression of the importance of those variables. A univariate stratification of an ‘inactive’ variable 

would risk overestimating the importance of the variable, as any observed impact would be derived 

solely from correlations with other established risk factors included in the risk equation. Conversely, 

if a multivariate analysis was undertaken, all ‘inactive’ variables would appear to play no, or very 

limited, role in the CVD risk development process. This interpretation however would be invalid as 

the outcome variable (for example a risk ratio) would be solely a function of the lack of inclusion in 

the process modelling, possibly disguising a ‘true’ effect in the population. As such, neither a uni- or 

multivariate analysis would allow for the sensible inclusion of ‘inactive’ variable and, even worse, 

would risk the values being interpreted as causal, an invalid interpretation of the data. Future work to 

include additional predictors of CVD risk in equations would allow for valid stratification by these 

variables. While this would be welcome it is however a feature of equation development and therefore 

outside of the scope of the current work.  

7.3.2.3 Model Limitations 
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Arguably the largest limitation of the model is dearth of evidence surrounding the impact of the 

specific screening approach on medication adherence. In this area, the contribution of the model is to 

estimate the degree to which this variable could impact on the cost-benefit balance and parameterise 

the size of the critical gap, between 6-8% change in adherence. The results presented add to the 

literature on the topic, however without observational or experimental evidence to determine the size 

of the adherence difference, if any, it will remain difficult to make firm recommendations. In addition 

to the impact of risk screening method, evidence of the impact of age as time of first prescription on 

medication adherence should be collected and taken into account in future models, 

The simulation model developed by the candidate contains several features that are already in the 

process of being improved. For example, the impact of statins on outcomes is being updated from 

‘real world’ observations of the effect of statins on blood lipid using New Zealand laboratory 

databases available to the candidate. These data could have particular relevance to the many lower 

risk individuals who are increasingly considered eligible for preventive medications. The benefits 

(both absolute and relative) are likely to be less than predicted by the trials which generally include 

higher risk participants. While it is almost certain that low risk individuals will gain some benefit, the 

magnitude of benefit, relative to harms from medication disutility and AE, might alter the balance of 

benefits and harms. 

Improved estimation of the impact of disease of quality of life, and therefore health state in the 

simulation following an event, would be beneficial. The current work includes a QALY estimate for 

an individual with CVD derived from a high quality study (see table 5.7). This estimate of impact 

could be improved however by the collection of New Zealand data to reflect any differences in 

population impact/preferences. In addition the use of QALY estimates for a more fine-grained 

endpoint would be likely to improve estimates, however this relies on the development of matching 

fine-grained equations, as described in section 7.3.2.2. 

Any inaccuracy in the current estimation of QALYs, as currently modelled, would have a proportional 

impact on the basis of the volume of medication under each scenario. A decrease in the QALY of the 

person post disease (i.e. if the impact of disease was worse than currently estimated) would have the 

impact of increasing the relative benefit of medication, by making the impact of events more 

substantial. For counterfactual scenarios, where a ‘crossover’ point was established (for example in 

table 6.6. and as discussed in section 6.3.2.3), this increase in the importance of medicine would have 

the effect of reducing the distance to the crossover point due to the increased importance of every 

additional medicated individual. Additional technical refinements to QALY estimates, such as the 

estimation of QALYs over the life course, as a function of general aging and under conditions of 

comorbidity, would improve the fidelity of the results. 
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7.4 Current policy impacts and future directions 

Current policy impacts 

The work contained in this thesis has already been used to inform current CVD management policy 

within New Zealand. This impact was primarily mediated though information supplied to an expert 

advisory group that my supervisor, Prof. Rod Jackson, was a member of. This national expert 

advisory panel was convened to advise on the development of a updated (2018) guidelines for CVD 

risk assessment and management in New Zealand (69). The impact of the work contained in this 

thesis can be divided into two phases: 1) evidence supporting the requirement for updated guidelines 

and evidence to support the choice of a new threshold for medication eligibility. 

Pylypchuk et al, who developed the MNZRE, determined that the NZ Framingham equation was 

poorly calibrated (see Supplementary Figure 1 in Chapter 3). However the likely impact of this 

miscalibration was difficult to assess at a national level due to the lack of a nationally representative 

population that the MNZRE and the Framingham scores could be applied to. Therefore the 

development of the national synthetic population made it possible to determine that there were wide 

scale transitions of individuals across key thresholds. A summarised form of this data can be seen in 

Chapter 4, tables 4.1 and 4.2. This analysis provided clear evidence that the existing guidelines, 

developed on the basis of the NZ Framingham equation, would have to be assessed for suitability 

prior to the introduction of the new equation. 

The second phase of the thesis impact related to the selection of the threshold for medication 

eligibility, the core results of which can be seen in table 4.3. The use of the synthetic population 

indicated that the introduction of the MNZRE, without a modification of eligibility criteria, would 

results in a major reduction in the number of individuals eligible for preventive medication. Had this 

occurred, the major reduction in access to preventive medication would have been considered a 

significant unintended consequence of the new guidelines. In analyses comparing the effect of 

applying the existing threshold (10% risk over 5 years) with a reduced threshold of 5% risk when 

assessing risk with the MNZRE, the lower threshold was found to identify similar numbers of people 

eligible for medication to applying the higher threshold when assessing risk using the NZ 

Framingham equation. While this lower threshold (5% risk over 5 years) had been discussed as a 

possibility by the expert advisory panel, the provision of data to demonstrate the impact allowed for a 

much more informed recommendation to be delivered by the panel. The 5% 5 year threshold for 

medication is now included in the current recommendations. 



 

155 

 

 

Future directions 

The limitations section immediately above identified a number of areas of weakness which will be the 

focus of future improvements; these will not be further expanded on but are recapped in the list 

below: 

 the updating of the synthetic population beyond the 2013 New Zealand census, 

 improving the demographic complexity of the synthetic population, 

 the development of an integrated set of equations to model a broader range of CVD 

endpoints, 

 the inclusion of more complex drug regimes,  

 the improved modelling of the benefits of statins at a range of baseline LDL-C levels. 

Beyond the immediate improvements to the synthetic population and simulation structure listed 

above, the candidate believes that the scope of future simulations needs to be re-examined to better 

inform health policy decisions. To gain a more complete picture of the impact of preventing CVD 

events and deaths, other major causes of mortality (and potentially morbidity) need to be modelled 

simultaneously. Many simulations have a competing risk module that simulate deaths from other 

causes. This is often (as is the case in the current analyses) an ‘accounting’ measure to remove 

individuals who would otherwise be at risk of having a CVD event. However, in the candidate’s 

simulations, all ‘other deaths’ were aggregated, which meant that the simulations were unresponsive 

to changes which could impact differently on different causes of death. 

There are high-quality simulation models for individual conditions such as: diabetes (207), many 

types of cancer (208) and degenerative mental conditions (209) however, these simulations are rarely, 

if ever, linked into a well modelled whole life course in which multiple simulations are able to be run 

in parallel. This specialisation of models and simulations has led to a range of often complementary, 

but difficult to integrate, outcomes. 

Even within simulations of single diseases, the focus is often on a sub-section of the disease pathway 

and the ability to incorporate a range of disease prevention strategies (upstream vs. downstream; 

whole population vs. targeting high risk populations) is frequently very limited. For example, there 

are models focusing on different stages of the CVD preventive pathway including; population-based 

dietary interventions (210, 211), screening in primary care (73, 212) and system level changes (213).  

The specialisation is due to the inherent difficulty involved in producing high quality equations and 

simulations for even relatively small areas within health. In the candidate’s opinion, the time for 

‘meta-simulations’, in which a number of complimentary, highly detailed simulations are run in 

parallel is rapidly approaching. This will involve the introduction of a modelling framework into 
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which individual simulations can be run in an independent but complimentary manner. This obviously 

entails huge complexity and is very likely the reason this area is not already well developed.   

7.5 Potential policy implications 

Two overarching policy implications can be taken from the results presented in this thesis.  

Firstly, the implementation of new CVD risk equations that generally predict a significantly lower (or 

higher) risk should only be undertaken in tandem with a reassessment of appropriate treatment 

thresholds. As described in Chapter four, the introduction of new and better calibrated equations, 

without the modification of the existing thresholds, would lead to a major reduction in the number of 

individuals eligible for medication. Such a rapid change in medication eligibility for large segments of 

the population would be unlikely to be a positive policy outcome, so modelling to determine the 

impact of changes to either the method of risk assessment or the threshold for medication eligibility 

would be strongly recommended. 

Secondly, there is the strong possibility that the cost-effectiveness of an age-alone screening approach 

to treatment eligibility would be similar or only slightly better than a predicted CVD risk-based 

approach. Critically, the implications for medication adherence should be considered before any 

major change in the approach to CVD risk assessment.  

An additional consideration raised by these analysis is the importance of accurate calibration in regard 

to the ability of individuals to give well-informed consent. The issue of informed consent is on the 

periphery of what can be examined in simulation as it borders on the realm on medical ethics. There is 

an argument to be made that an individual could make an informed decision on the basis of their risk 

relative to others in the population (i.e. “You are at high risk of CVD compared to the general 

population, therefore medication is recommended”). If a risk equation was used simply to rank 

individuals by risk, then developing more advanced equations with better calibration is not relevant as 

an age-alone approach is a reasonable way of ranking people (214-216). If, however an accurate 

assessment of risk is done to inform patients of their estimated absolute risk and likely absolute 

treatment benefit, then the accurate calibration of equation is of central importance. The candidate 

does not believe a discussion on this subject can be further advanced within the context of this thesis 

research beyond highlighting the issue, however this would be a recommended area of study as it 

might help inform the direction for the development and implementation of future risk equations.  

Finally, the importance of high quality linkable health data needs to be highlighted as a policy issue 

because it made these policy-relevant analyses possible. Arguably New Zealand is a world leader in 

the field of nationally linkable health data and the availability of these data also made it possible for 

researchers to effectively and efficiently develop the new CVD risk assessment tools used in the 

simulations (97). The value of this data is now becoming apparent with multiple projects completed or 
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underway, including the development of synthetic populations, simulations and novel risk prediction 

equation (57, 217). 
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Appendices 

Appendix 1. Revisiting the Christmas Holiday Effect in the Southern 

Hemisphere  

Foreword to the paper 

The following piece of work began an extension of an analysis looking at the impact of annual 

periodicity in CVD events which has the potential to be important with using fixed time period in a 

simulation. CVD mortality shows clear evidence of seasonal trends with the number of events, and 

deaths, peaking within the winter season. In addition to this strong season trend there have been 

reports of an independent ‘Christmas holiday’ effect (218-220). A significant limitation to this was 

that all the studies were clearly observational, and the data was from locations in the northern 

hemisphere where the holiday season always fell within the winter season. This meant that there was 

no way of separating the presence of any holiday effect on CVD from the strong seasonal effect of 

winter on CVD events. This led to a realisation that the southern hemisphere was an ideal opportunity 

to ‘decouple’ the Christmas season from the winter season. This would allow for an independent 

assessment of the presence or absence of this effect independent of the broader (and dominant) 

seasonal effect. 

The analysis attempted to replicate the work of Phillips and colleagues (219) who used 25 years’ 

worth American national mortality data to look at the impact of the holiday effect and were among the 

first to report on the effect. We used the same methodology on 25 years of mortality data from New 

Zealand. Our analysis supported the finding of the earlier American reports helping to support the 

concept that this is an independent effect. The holiday effect was observed in a subset of cases, those 

deaths that did not occur in hospital, however that is a large fraction of the total CVD mortality. The 

results were statistically significant and the proportional size of the effect comparable with overseas 

data. 

Due to the observational nature of the data the causation could only be speculated at rather than 

proved from the data analysed currently, however it did allow for a hypothesis generation exercise. 

Two of the leading hypotheses were about the travel that is often undertaken around the Christmas 

period. Firstly, individuals holiday in regions that are geographically isolated which means access to 

advanced medical care is delayed, in essence, converting a survivable CVD event into a CVD death. 

The second hypothesised route was that individuals travel to other urban centres and while not being 

geographically restricted, they are unfamiliar with local medical facilities, in particular seasonal 

opening hours, so delay accessing treatment leads to worse outcomes. 
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While the finding about the Christmas effect is unlikely to be highly consequential for future 

simulation efforts, simulations typically run on an annual cycle so the impact of sub-annual events 

will be limited. It however might be worth exploring the underlying cause of the Christmas effect to 

understand the nature of the increased mortality as this may have some practical applications. A key 

piece of information of routinely collected information, the address of usual residence, is held by the 

MoH however was not requested as part of this study. This would allow testing of the hypothesis that 

the proximity to home, and greater knowledge of available health resources, was a contributing factor 

to the increased mortality. 

To further explore this the location of death could be recoded using the Statistics New Zealand 

definitions of urban and rural via geocoding (221). This would allow a estimation of the effect of 

geographic isolation, for example holiday locations, on mortality allowing for a differentiation 

between the impact of travelling to a unfamiliar major centre vs that of travelling to an area with 

limited emergency services/tertiary care. Care would have to be taken when interpreting the location 

of death with regard to geographic isolation however as the recorded location of death might be to 

location the patient was transported to for emergency medical care rather than the location of the 

event. In addition to routinely collected information a direct investigation of the impact of geographic 

isolation could be undertaken. Additional ambulances could be allocated to rural seasonal holiday 

spots, with matched controls to expand on the concept of geographic isolation being a factor. In this 

way, what was an interesting observation could potentially generate data that could inform policy 

development. This was a positive outcome from what initially looked like a more ‘interesting’ than 

‘influential’ piece of work. 

In addition, this piece of work caught the attention of the media leading to the study being reported in 

relatively high-profile outlets like the New York Times, Le Monde and Time magazine as well as less 

well-known publications such as the Duluth News Tribune and the Zimbabwe Star. The paper 

generated an altmetic score of 858 which placed it in the 99th percentile of the 8.5 million articles 

tracked. While this is clearly a classic example of right-place-right-time it did give an interesting 

insight into the potential for the broader impact of work outside of the scientific literature. This 

includes the process that surrounds it (e.g. giving press interviews and discussing findings on radio) 

and how the message you provide to the media can end up being transformed when many of the 

subtleties are removed from the story. Overall it was a very positive experience with some very clear 

learning for the future if this was to occur again. 

Abstract 

Background: A Christmas effect showing elevated cardiovascular mortality over the Christmas 

holidays (25th December to 7th of January) has been previous demonstrated in study from the United 
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States of America. To separate the effect of seasonality from any holiday effect a matching analysis 

was conducted for New Zealand, where the Christmas holiday period falls within the summer season. 

Methods and Results: New Zealand mortality data for a 25-year period (1988-2013) was analysed 

based on the same methodology as a previous study. A LOESS smooth was used to calculate an 

‘expected’ number of deaths based for each day of the year. The expected value was compared to the 

actual number of deaths. In addition, mean age at death was estimated and used to assess the life years 

lost due to excess mortality. There were 738,409 deaths (197,109 coded as cardiac deaths) during the 

period. We find evidence of a Christmas holiday effect in, out of medical facility, cardiac deaths, with 

an excess event rate of 4.2% (95% CI 0.7%-7.7%) leading to approximately 4 additional deaths per 

annum. The average age of those with fatal cardiac deaths was 76.8 year (SD 13.5) during the 

Christmas period (25th December to 7th January) resulting in between 148 and 222 years of life lost per 

annum. 

Conclusions: Cardiac mortality is elevated during the Christmas holiday period relative to 

surrounding time periods. Our findings are consistent with a previously reported study, conducted in 

the USA, suggesting that cardiac mortality does not take a summer break.  

Key words: Christmas effect, seasonal mortality, holiday effect 

 

Introduction 

A Christmas holiday effect on mortality has been established in the United States of America (USA), 

with spikes in deaths from natural causes at both Christmas and New Year’s Day (219). However in the 

USA the Christmas holiday period coincides with the coldest period of the year when mortality rates 

are already seasonally high due to low temperatures and influenza (222). Previous studies therefore 

used statistical techniques to help disentangle the holiday effect from the winter effect, and found that 

deaths from natural causes were almost 5% higher than would be expected if the holidays did not affect 

mortality (219).  

There are a range of possible explanations for a mortality holiday effect, including the emotional stress 

associated with the holidays, changes in diet, and alcohol consumption (223), less staff at medical 

facilities, and changes in the physical environment (for example visiting relatives). However, there have 

been few attempts to replicate this study. A regional analysis conducted in the north of England failed 

to find any elevated mortality at Christmas, but did find a spike on New Year’s Day (218). While the 

original study indicated (219) that future research should “seek to disaggregate the effects of winter and 

the winter holiday”, we are unaware any comparable studies conducted in the southern hemisphere 
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where Christmas occurs during summer when death rates are usually at a seasonal low. In this paper we 

replicate the earlier northern hemisphere analysis using data from New Zealand which allows us to 

separate any winter effect from the holiday effect. 

Methods 

Data 

Individual level daily mortality data for 26 years between 1988 and 2013 were sourced from the New 

Zealand Ministry of Health. Access to the mortality collection data was permitted via an addendum to 

the data access agreement between the VIEW/PREDICT project (97) and the New Zealand Ministry of 

Health. The deaths were categorised into either a cardiac or non-cardiac group as defined by Phillips, 

Jarvinen, Abramson, and Phillips (219) on the basis of the ICD code assigned as the primary cause of 

death for that individual. Specifically, ICD-9 codes of 390–398, 402, 404, 410–429 and ICD-10 codes 

of I00 –I09, I11, I13, I20 –I51 were considered cardiac events. To allow for further decomposition of 

the data, the events were further categorised as to whether the death occurred in a medical facility or 

not. This was determined at the time of mortality coding using the location of death recorded on the 

death certificate. Where the recorded location of death was not a recognised medical facility the code 

‘9990’ was recorded indicating that the individual had died outside of a medical facility (224). Deaths 

on the additional day in leap years (February 29th) were removed. This meant all days in the calendar 

year were identically coded. To prevent any disclosure of confidential information only data at the 

aggregated level was reported. This aggregation included national level reporting and the use of a 

pooled ICD codes, as specified above, rather than ICD codes for specific conditions. 

Mortality records are centrally coded by the New Zealand Ministry of Health on the basis of death 

certificates completed by individual certifying physicians. The centralisation of the coding is expected 

to reduce variability that might otherwise occur if the coding was undertaken at a facility or regional 

level. There remains the possibility of misclassification during coding of the cause of death, however it 

is unlikely to be specific to the Christmas period, as the coding is not done strictly contemporaneously. 

A World Health Organization report classified New Zealand as a “Low ill-defined coding” country for 

the coding of ischemic heart disease deaths, giving confidence that the mortality data is robust and 

accurate (225).  

All unique identifiers for data used in the analysis were encrypted and the PREDICT study was 

approved by the Northern Region Ethics Committee Y in 2003 (AKY/03/12/314) with subsequent 

annual approval by the National Multi-region Ethics Committee since 2007 (MEC07/19/EXP). 

Methodology 

We follow a previously published analysis (219) in using a locally weighted polynomial regression 

LOESS smoothing function to daily mortality data. The bandwidth used for the LOESS smoothing was 
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0.11 based on the description from Phillips and colleagues of a six-week bandwidth and within an 

annual cycle giving the calculation of (6×7)/365.25. As explained by Phillips and colleagues, this 

method corrects for trends and seasonality but makes minimal distributional assumptions about the data. 

This method calculates an expected number of deaths which was compared to the actual number of 

deaths to detect short term fluctuations from an expected seasonal pattern such as a Christmas holiday 

effect. 

The Christmas Holiday period was defined as 25th December to 7th of January. To minimise the 

established impact of seasonality on mortality, the fortnight prior (11th–24th of December) and post (8th-

21st of January) the Christmas period were used as comparison periods, as well as an ‘All non-

Christmas’ time period. The ‘All non-Christmas’ period was defined as all dates not between the 25th 

of December and the 7th of January and so includes the prior- and post-Christmas windows.  

An excess event percentage was calculated based on the difference in number of events between the 

actual and expected values for each day of the year, where the expected value was defined by the LOESS 

data using the formula ((actual – expected)/expected) × 100. To get a summary estimate for the impact 

of the Christmas holiday period on excess mortality the mean value for all excess event percentages 

within the time period (14 days for the ‘pre-Christmas’, ‘Christmas’ and ‘post-Christmas’ values and 

351 days for the ‘all non-Christmas’ period) were calculated. 

A mean age and standard deviation at death was calculated for all mortality, all cardiac mortality and 

cardiac mortality outside of a medical facility for the four time periods identified above. To compare 

the age distributions of the mortality data a t-test was conducted and Cohen’s d calculated. Cohen’s d 

is a measure of the size of the difference between two values for continuous data (226). It is often used 

in cases where a very large sample size means that a t-test will typically result in a statistically 

significant p-value; however this p-value provides no information on the practical significance of the 

difference between the results.  

To observe the impact across the age range a cumulative distribution plot was created. An estimate of 

decreased life years was calculated on the basis of the difference in mean age at death for the Christmas 

period and the comparison time period, either the pre-Christmas fortnight or all non-Christmas 

multiplied by the number of events within the Christmas period. This was then compared to census data 

to calculate an effect per million individuals for the most recent time period with the denominator 

provided by the 2013 New Zealand census population (227) estimated ‘usually resident population’. 

The ‘usually resident population’ figure was used to avoid issues with undercount found in the raw 

census count figures. 

As a sensitivity analysis, the Christmas holiday period was moved incrementally forward and backward 

from the baseline Christmas start date of 25th of December to test for any boundaries of the holiday 
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effect. To maintain comparability between results the two-week time period was maintained by moving 

the end date in an identical manner as the start date. As the LOESS method partially incorporates any 

the Christmas effect in the smoothing algorithm, a sensitively analysis was undertaken to estimate the 

size of this impact. This was done by calculating an expected value for each day of the Christmas period 

by linear interpolation using the last day of the ‘pre-Christmas’ period and the first day of the ‘post-

Christmas’ period. 

To detect any broad scale change in the magnitude in the size of any Christmas effect the 26 years of 

data was divided in to four approximately equal time periods and subgroup analysis was undertaken as 

described above. 

Results 

There were 738,409 deaths (of which 197,109 were coded as cardiac deaths) in New Zealand between 

1988 and 2013 (Figure 8.1). The average age of cardiac mortality was 76.2 year (SD 13.7) during the 

Christmas period, compared with 77.1 years (SD 13.2) during other times of the year (Table 8.1). 

Comparing the Christmas period with the fortnight immediately prior to Christmas indicated the 

average age of cardiac death was around six months less (76.2 (SD 13.7) years vs 76.8 (13.5), 

P=0.013) (Table 8.1). 

 

Figure 8.1. Counts of deaths between locations and cause of death. 

 

Type and 

location of 

event 

Time period 
Number of  

deaths 

Age at death 

Mean (sd) t-test Cohen’s d 
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All 

Christmas period 26,257 70.5 (21.0) - - 

Non-Christmas period 710,313 70.4 (21.0) <0.001*** 0.02 

Pre-Christmas period 26,480 70.8 (21.1) 0.16 -0.07 

All cardiac 

mortality 

Christmas period 6,796 76.2 (13.7) - - 

Non-Christmas period 189,827 77.1 (13.2) <0.001*** -0.25 

Pre-Christmas period 6,836 76.8 (13.5) 0.013* -0.16 

Cardiac 

mortality not 

in a medical 

facility 

Christmas period 3,484 72.8 (14.4) - - 

Non-Christmas period 92,074 74.0 (13.9) <0.001*** -0.32 

Pre-Christmas period 3,304 73.4 (14.5) 0.15 -0.16 

*  = p<= 0.05 

*** =  p<= 0.001 

Table 8.1. Age of death for ‘all’, ‘cardiac’ and ‘cardiac not in a hospital’ event types for the 

Christmas, pre-Christmas and non-Christmas periods. 

The mortality data had an observable Christmas holiday effect for those individuals who died out of 

hospital from an event where the principal code was a cardiac related diagnosis (Figure 8.2). Each point 

on Figure 8.2 represents the mean value number of events calendar date based on the 26 years of 

available records. The chart has been centered on the Christmas period to make observation of the 

critical time period easier. There were 4.2% (95% CI 0.7%, 7.7%) more recorded events than would be 

expected based on the annual trends absent a Christmas effect (Table 8.2). There was no significant 

change from the seasonal trend for cardiac death within a medical facility -0.7% (95% CI –4.2%, 2.8%), 

or for overall mortality.  
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Figure 8.2. Mean number of cardiac mortality events occurring outside of a health facility 

between 1988 and 2013 (points) and a LOESS smooth representing the expected values. Each 

point represents a mean number of mortality events for a particular calendar day with the 

colour coding representing the time periods of significance with regard to the impact of the 

holiday effect. 

 Cardiac deaths Non-cardiac deaths All deaths 

 

Not in a 

medical 

Facility  

In a medical 

facility 

Not in a 

medical 

Facility  

In a medical 

facility 

Not in a 

medical 

Facility  

In a medical 

facility 

Pre-Christmas 

-0.77 

( -4.25, 2.71 ) 

0.219 

( -4.19, 4.63 ) 

-0.531 

( -3.1 , 2.08 ) 

1.134 

( -0.33, 2.59 ) 

-0.607 

( -1.99, 0.77 ) 

0.844 

( -0.45, 2.14 ) 

Christmas 

4.198 

( 0.7, 7.7 ) 

-0.692 

( -4.15, 2.76 ) 

1.779 

( -1.43 , 4.99 

) 

-0.492 

( -2.77, 1.79 ) 

2.711 

( -0.38 , 5.8 ) 

-0.704 

( -2.76, 1.35 ) 

Post-Christmas 

-3.173 

( -6.72, 0.37 ) 

-1.398 

( -4.19, 1.4 ) 

0.112 

( -1.65 , 1.87 

) 

0.546 

( -1.43, 2.52 ) 

-0.621 

( -2.49 , 1.24 

) 

0.192 

( -1.39, 1.77 ) 

All non-

Christmas 

-0.172 

( -0.8, 0.45 ) 

-0.058 

( -0.7, 0.59 ) 

0.177 

( -0.34 , 0.7 ) 

0.068 

( -0.28, 0.41 ) 

0.002 

( -0.4, 0.41 ) 

0.047 

( -0.26, 0.36 ) 

Table 8.2. Percentage difference between calculated mean mortality count and expected 

mortality count by type and timing of event. 
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During the 2012/3 Christmas season, the latest for which we have full data for, there were 247 cardiac 

deaths of which 93 were outside of a hospital facility. We estimate approximately four additional 

cardiac-related deaths out of hospital due to the Christmas effect. Statistics New Zealand reported the 

population as being 4,442,100 based on the 2013 New Zealand census (227). This indicates an increased 

event rate of approximately 0.9 deaths per million people within the fortnight of the Christmas period. 

Based on the decreased mean age of death between 148 and 222 life years (on the basis of the pre-

Christmas and full year estimates respectively) were lost due to the Christmas effect. 

The size of the effect was sensitive to the timing of the start of the holiday period with the effect peaking 

in the fortnight starting 27th December where a 4.5% (95% CI 1.1%, 7.9%) excess event rate was 

detected (supplement 1). When the start date for a modified Christmas period was on or before the 23rd 

of December there was no statistically significant Christmas effect. Likewise, if the start date was 

moved to or beyond the 29th of December there was no holiday effect detected placing upper and lower 

bounds on the timing of the Christmas effect. When a linear interpolation was used to derive the 

expected values for the Christmas period an increase in the effect was observed suggesting that the 

LOESS method is potentially underestimating the size of the effect by approximately 0.8% (supplement 

2). 

When a subgroup analysis of the magnitude of the Christmas holiday effect was undertaken there was 

no statistically significant difference in the size of the effect between the earlier and later time periods 

(supplement 3). There was a non-significant trend towards an increasing Christmas effect in the later 

time periods which suggests there is no attenuation of the size of the Christmas effect. 

Discussion 

We find that 4.2% more individuals die from a cardiac related cause outside of a hospital during the 

Christmas period than would be expected based on long term seasonal trends. This is consistent with 

reports from the USA which also indicated an increased mortality rate during the Christmas in the 

northern hemisphere. As the seasonality, and associated temperature profile, is the opposite to the 

previous reported results from the northern hemisphere this result supports the conclusion of Phillips 

and colleagues (219) and prior to that Kloner, Poole and Perritt (223) who indicate that the Christmas 

effect is not associated with temperature, specifically with the cold temperatures associated with 

winter. 

Individuals who die from a cardiac event, in or out of hospital, during the Christmas period are 

younger by almost a year than those who die from the same or similar condition in the remainder of 

the year. The decrease in age at death is reduced but still present when the comparison periods are 

restricted to the Christmas period and the fortnight prior, where it was found that individuals who 
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suffered a fatal cardiac event during the Christmas period were approximately six months younger 

than those who died during the fortnight before.  

Within the Phillips and colleagues Circulation paper (219) eight further potential explanations were 

suggested, some of which can potentially be clarified using the New Zealand data; and others which 

remain ambiguous. 

Causes for the Christmas effect that are unlikely given the New Zealand data include: 

 Respiratory diseases: Given that Christmas falls in the summer season within the southern 

hemisphere respiratory illness seems to be an unlikely contributor to the increased mortality 

rate. Respiratory disease rates show a strong correlation with the winter season in New 

Zealand (228) and other southern hemisphere countries (229), and are so are unlikely to play 

a major role in any Christmas effect in New Zealand. 

 Increased particulate pollution: Phillips and colleagues (219) conjecture that the increased 

particulate matter during their winter season might be a cause of the increase cardiac 

mortality rate. Pollution levels peak in many parts of the world in winter due to increased 

heating, something which is not a factor in the New Zealand summer (230, 231). 

 Reporting effect: The Christmas effect has now been described in at least three different 

jurisdictions (218, 219) including New Zealand. This would argue against a reporting effect 

being a major contributor to any apparent Christmas effect. It would require an assumption 

that a common or comparable issue was present in all of the reporting and recording systems 

represented which while not impossible, is considered unlikely. 

 Month boundary effect: The effect is not correlated with a monthly reporting cycle. It has 

also, as above, has been observed in a number of independent jurisdictions reducing the 

likelihood of it contributing to the effect. 

 

Other suggested explanations are not able to be further clarified by the new results: 

 Changes in diet and alcohol consumption: The contribution of this factor cannot be further 

elaborated on as it is a function of the holiday period and not of seasonality. Furthermore, the 

degree of overlap between the general holiday traditions and timing of events between the 

New Zealand and USA makes any distinction difficult without high quality dietary data. 

Assessing the impact of major holidays on cardiac mortality in cultures which has cultural 

attributes, including major holidays, distinct from New Zealand and Australia culture may 

aid in clarification of any dietary component. 

 Emotional stress associated with holidays: The contribution of this factor cannot be further 

elaborated on as this is a function of the holiday and not of seasonality. 
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 Inappropriate delay in seeking medical care: The Christmas holiday period is a common 

time for travel within New Zealand, with people frequently holidaying away from the main 

centres. This could contribute to delays in both seeking treatment, due to a lack of familiarity 

with nearby medical facilities, and due to geographic isolation from appropriate medical care 

in emergency situations. The reduced age at death (Table 7.1) recorded during the Christmas 

period for individuals with a cardiac related mortality compared to both the non-Christmas 

and pre-Christmas periods (approximately 1 year and six months less, respectively) could add 

weight to the argument that this is indeed a factor. 

 Displacement of death: This would include both hastening and postponement of death for 

reasons associated with the holiday period. The ability of individuals to modify their date of 

death on the basis of dates of significance has been both confirmed (232, 233) and refuted 

(234, 235) elsewhere, however it remains a possible explanation for this holiday effect. As the 

Christmas effect is seen in cardiac deaths this limits or eliminates the involvement of suicides 

where the time of death is much more directly controlled by the individual than other modes 

of mortality. The hastening or delay of mortality would be expected to create a displacement 

effect where a local peak is developed on or around dates of significance which would lead to 

decreases in events surrounding the period in a compensatory manner.  

The two explanations which are most supported by the data are displacement of death and 

inappropriate delay in seeking medical care. The modification of the age at death would appear to 

suggest that access to medical treatment, which would otherwise preserve life, is not available during 

this period. With regard to displacement of death, the trend within the data is towards a concentration 

of cardiac mortality during the Christmas period with lower (but not statistically significant) than 

expected results prior- and post-Christmas. 

While the methods presented replicate prior publications closely there are some limitations of this 

current study which could be addressed in future work. Ideally daily temperature would have been 

linked to mortality events however this was not possible with this dataset at this stage. While this is a 

limitation a recent report indicated that the majority of mortality attributable to temperature was 

caused by cold conditions with excessive heat playing a reduced role (222). This should mitigate the 

impact of not directly accounting for temperature variation in this dataset as the observed Christmas 

effect occurs during the summer season. New Zealand also has a temperate, island climate which 

almost eliminates the extremes of temperature (236) that have been associated with increased CVD 

mortality rates (237, 238). The historic temperature records also indicate that the hottest period of the 

year in New Zealand typically falls outside of the identified Christmas periods (239). 
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Due to the LOESS method used to estimate the ‘usual’ event rate it is likely that the effect of the 

Christmas period is under-estimated due to the smoothing procedure incorporating part of the 

Christmas holiday effect into the estimate of expected events. This can be observed in Figure 7.2 

where a prominent deviation upwards during the Christmas period in the smoothing or ‘expected’ line 

(black line) can be observed.  The partial incorporation of the increase associated with the Christmas 

effect would be expected to bias the result towards the null result of ‘no Christmas effect’ therefore 

making it less likely to detect any true Christmas effect. A sensitivity analysis conducted to test this 

assumption indicates that the underestimate is of the order of 0.8% or approximately 20% of the 

detected effect. The result above therefore represents a conservative estimate and there is confidence 

that, on the basis of the data available, that the Christmas effect seen in the New Zealand population is 

of at least the magnitude reported. On this basis and to maximise comparability with the Philips (219) 

paper we have maintained the LOESS method for this analysis. 

In conclusion, we observed a clear Christmas holiday effect in the New Zealand population for 

individuals suffering a cardiac death outside of a hospital setting, replicating the effect observed in US 

data. This result in the southern hemisphere, with opposite seasonality to previous reports, helps 

reaffirm that there is no apparent correlation between any observed Christmas holiday effect and the 

impact of temperature or seasonality. We found that the age of death was younger for those who died 

from a cardiac related condition during the Christmas period compared to both those the remainder of 

the year and the pre-Christmas period who died of a similar condition. By virtue of studying data from 

a southern hemisphere location we have been able to clarify the likely contributory causes to the 

Christmas effect but are not able to make a definitive statement about the cause of the effect. There is 

the possibility of a displacement effect where mortality is being concentrated during the holiday period 

rather than directly causing additional mortality, however the use of a different method of estimating 

the expected deaths will be required to fully explore this issue. 
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Supplementary information 

Supplement 1. Difference between actual and expected mortality events. 

Percentage difference between actual and expected mortality event counts for a range of potential 

holiday periods. 

Christmas period dates Christmas effect 

(%) 
Lower CI Upper CI 

Start End 

29th December 11th January 3.7 7.4 -0.009 

28th December 10th January 4.1 7.9 0.3 

27th December 9th January 4.5 7.9 1.1 

26th December 8th January 4.3 7.8 0.9 

25th December 7th January 4.2 7.7 0.7 

24th December 6th January 3.8 7.4 0.2 

23rd December 5th January 2.6 6.3 -1.2 

22nd December 4th January 2.0 5.9 -1.9 

21st December 3rd January 0.9 4.5 -2.7 

 

Supplimentary Table 1.1: indicates that the timing of the Christmas effect is sensitive to the window 

of time over which it is calculated indicating that the effect is temporally specific. 
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Supplement 2. Mean number of cardiac mortality events 

 

Supplimentary Figure 2.1 

Mean number of cardiac mortality events occurring outside of a health facility between 1988 and 

2013 (points) and a LOESS smooth representing the expected values for the non-Christmas period 

and a linear interpolation for the Christmas period. Each point represents a mean number of mortality 

events for a particular calendar day with the colour coding representing the time periods of 

significance with regard to the impact of the holiday effect. 

Time period Percent difference 

between actual and 

expected 

Upper confidence 

interval 

Lower confidence 

interval 

Christmas 5.03 8.58 1.45 

Pre-Christmas -0.34 3.02 -3.69 

Post-Christmas -3.03 0.62 -6.69 

All non-Christmas -0.08 0.55 -0.72 
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Supplimentary Table 2.1: Percentage difference between calculated mean mortality count and 

expected cardiac mortality out of a medical facility where the Christmas effect has been linearly 

interpolated. 
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Supplement 3. Christmas effect stratified by time period. 

 

Supplimentary Figure 3.1. Christmas effect stratified by aggregated time period. Given the large 

confidence intervals (due to the segmentation of data and resulting loss of statistical power) there is 

no statistically significant trend in the magnitude of the Christmas effect found in non-hospital cardiac 

mortality. 
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Supplement 4. Daily mean values for actual and expected mortality 

Event Type Location Measure Christmas 
Pre-
Christmas 

Post- 
Christmas 

All non-

Christmas 

Cardiac 
deaths 
 

Not in a medical 
Facility 

Actual 9.7 9.1 8.7 10.1 

Expected 9.3 9.1 9.0 10.1 

In a medical 
facility 

Actual 9.3 9.7 9.0 10.7 

Expected 9.3 9.7 9.1 10.7 

Non-cardiac 
deaths 

Not in a medical 
Facility 

Actual 19.2 18.5 18.3 19.4 

Expected 18.8 18.6 18.3 19.4 

In a medical 
facility 

Actual 34.6 35.6 34.6 37.8 

Expected 34.7 35.2 34.4 37.8 

All deaths 

Not in a medical 
Facility 

Actual 28.8 27.6 27.1 29.5 

Expected 28.0 27.7 27.2 29.5 

In a medical 
facility 

Actual 43.8 45.3 43.6 48.5 

Expected 44.1 44.9 43.5 48.5 

Supplimentary Table 4.1. Daily mean values for actual and expected mortality events divided by 

event type, location and time period. 
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Supplement 5. Cumulative frequency distributions of cardiac mortality in New Zealand 1988 - 2013 

 

Supplimentary Figure 5.1. Comparision of cumulative distribution function for cardiac mortality in 

the Christmas (blue line) and non-Christmas (red line) periods. 

 

Supplimentary Figure 5.2. Comparision of cumulative distribution function for cardiac mortality in 

the Christmas (blue line) and pre-Christmas (red line) periods. 
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