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Introduction 
This report describes the methods used by the New Zealand Burden of Diseases, Injuries and 
Risk Factors Study (NZBD) 2006–2016. The NZBD measures health need (operationalised as 
health loss). The unit of health loss is the disability-adjusted life year (DALY), a time-based 
health gap measure, whereby one DALY represents the loss of one year of healthy life. 
 
So, the burden of disease, or health loss (measured in DALYs), is the gap between the 
population’s current state of health and that of an ideal population in which everyone lives long 
lives free from disability. In burden of disease studies the term ‘disability’ refers to any short-
term or long-term health loss other than death. Therefore, disability includes any impairment, 
functional limitation, dysphoric affective state (eg, depression) or symptom (eg, pain). 
 
The DALY integrates information on both fatal outcomes (early death) and non-fatal outcomes 
(illness or disability) in a similar way, so that one DALY represents one year of healthy life lost. 
The DALY is calculated as follows: 

DALY = YLL + YLD 

 
YLL (years of life lost) measures health loss from early death, taking into account the age 
that death occurred. A death that occurs at a young age has a higher weighting than a death that 
occurs in old age. YLLs are calculated with reference to a standard life expectancy at each age. 
For example, a death at age five years generates 81.4 YLLs, a death at age 50 years generates 
39.5 YLLs and a death at age 80 years generates 12.9 YLLs. The standard life expectancy for the 
NZBD was derived from the Global Burden of Disease Study (GBD) 2010 reference life table, 
which is based on the lowest observed death rates for each age group across countries in 2010. 
 
YLD (years lived with disability) measures health loss in terms of time spent in less than 
full health. Because this kind of measure of health loss has to take into account the severity of 
the health state, YLDs are calculated by multiplying the prevalence of a health state by a 
disability weight (DW) for that health state. Disability weights are measured on a scale from 0 
(full health) to 1 (death), such that mild anaemia would be close to zero and acute schizophrenia 
close to 1. 
 
This report is just one output of the NZBD. It summarises the major epidemiological and 
statistical methods used in the NZBD to estimate and project YLLs, YLDs and DALYs, to 
attribute DALYs to potentially modifiable risk factors, and to summarise health loss in terms of 
health expectancy (a generalisation of life expectancy to include time lived in states other than 
full health). Other reports from the NZBD include: 

• Health Loss in New Zealand: A report from the New Zealand Burden of Diseases, Injuries 
and Risk Factors Study, 2006–2016 (Ministry of Health 2013) 

• Injury-Related Health Loss: A report from the New Zealand Burden of Diseases, Injuries 
and Risk Factors Study, 2006—2016 (Ministry of Health and ACC 2013). 

 
Further reports will cover specific topics in more detail, such as the burden of disease and injury 
in Māori. Additional outputs published concurrently with this report include an online 
Statistical Annexe, which provides full results from the NZBD; that is, both point estimates and 
standard errors (as an indicator of uncertainty). 
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Selection and classification of 
diseases, injuries and risk 
factors 

Selection and classification of diseases, 
injuries and health states 
The selection and classification of diseases and injuries, and their component health states, 
provide the analytical framework for the NZBD. The framework employs a three-level 
hierarchical classification structure: 

1. condition group 

2. specific condition (the specific disease or injury) 

3. health state (the sequela or severity level of the condition). 
 
Specific conditions (level 2) are the ‘core’ of the framework. The standard classification 
comprises a set of conditions (diseases and injuries) that are mutually exclusive and collectively 
exhaustive. These specific conditions are grouped into condition groups (level 1) and 
decomposed into health states (level 3). 
 

Specific conditions 
The following criteria have been used to define the specific conditions. 

• To be included, a minimum threshold of population impact was required, defined as either 
more than 0.1% of directly assigned deaths or hospitalisations (operationalised as greater 
than 25 deaths or 500 inpatient events annually over 2005–2007), or as having a ‘significant’ 
primary care impact, as determined by expert judgement. This population impact threshold 
is necessary to ensure the list is not cluttered with very minor conditions. 

• Conditions included in Global Burden of Disease Study (GBD) 2010 were included unless 
they conflicted with other criteria. 

• All conditions included in the current New Zealand Avoidable Mortality or Ambulatory 
Sensitive Hospitalisation classifications were included unless their inclusion conflicted 
strongly with other criteria. 

• Conditions that are currently the focus of policy or professional attention, or that are thought 
to be increasing substantively in incidence or impact, were considered for inclusion (even if 
they did not meet all other inclusion criteria). 

• The focus was on pathophysiological function rather than aetiology (for example, ‘chronic 
kidney disease’ rather than ‘acute post-streptococcal glomerulonephritis’), and on policy and 
public health relevance rather than diagnostic or therapeutic considerations. 

• Conditions were combined where there is extensive comorbidity with another condition, such 
that they cannot be ‘teased apart’ epidemiologically. (For example, this underlies our decision 
to classify anxiety and depressive disorders as a single condition.) 
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• Coding of the condition in administrative databases needed to be of sufficient quality (ie, 
suitable ICD-10 codes exist and were correctly applied in practice). 

• Epidemiological data were available for at least two out of: incidence, prevalence, survival or 
mortality of/from the condition. 

 

Residual categories 

Applying these criteria meant that many rare disorders could not be assigned to a specific 
condition category. In order to ensure that all diseases and injuries were comprehensively 
captured, a residual or ‘other, not elsewhere classified’ category was created in each condition 
group. For example, a category of ‘other respiratory disorders, not elsewhere classified’, was 
included within the respiratory disorders condition group. 
 
The size of the residual condition category was limited to less than 20% of the total burden 
attributable to that condition group. Sufficient specific condition categories were created to 
ensure the residual category did not exceed this limit for any condition group. 
 

Summary 

The 217 conditions included in the NZBD standard classification comprise 181 diseases and 
36 injuries (see Appendix 1). The 181 diseases comprise 158 specific conditions and 23 residual 
(‘other, not elsewhere classified’) categories. The 36 injuries comprise 33 specific injuries (eg, 
traumatic brain injury) and three residual categories (eg, other fractures). 
 
Note that in the standard classification, injuries are categorised by nature of injury (eg, 
traumatic brain injury, fractured neck of femur, open wound), not by external cause of injury 
(eg, fall, transportation accident, animal bite). The latter forms part of the risk factor 
classification (see later). 
 
Conditions included in the NZBD align closely – but not completely – with those included in 
GBD 2010. For example, the NZBD includes intrapartum stillbirth (whereas GBD does not), on 
the grounds that there is no logical distinction between an intrapartum death and an early 
neonatal death. 
 

Condition groups 
In the standard NZBD classification the 217 conditions are grouped into 16 broad condition 
groups, which more or less coincide with ICD-10 chapters (Appendix 1). The average number of 
conditions per condition group is 13.5. 
 
The standard NZBD condition group classification, like the ICD itself, is biaxial. That is, 
conditions are classified in part by pathophysiological process (eg, an injury, an infection, a 
cancer) and in part by body system (eg, a neurological disorder, a skin disorder, a 
gastrointestinal disorder). This means a priority rule is necessary to decide whether a condition 
should be classified under a pathological process or under its body system: 

1. injury 

2. cancer 

3. infection 

4. organ system. 
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For example, the health loss reported for the condition group ‘neurological disorders’ excludes 
health loss from traumatic brain injury (reported under injuries), brain cancers (reported under 
cancers), and meningitis (reported under infections). 
 

Classifying conditions into condition groups 

For the most part this is straightforward, given the above priority rule. However, for some 
conditions the condition group in which the condition is best placed under the standard 
classification is not clear. For example, venous thromboembolism could be classified under 
vascular and blood disorders (the primary service managing deep vein thrombosis) or under 
respiratory disorders (the primary service managing pulmonary embolism). 
 
Many outputs from the NZBD are reported at the condition group level, so decisions about 
which conditions to place under which group could have an impact on policy decisions informed 
by burden of disease data. Where there is debate about where to classify a particular condition, 
the following criteria apply: 

• the condition group that makes most sense from a policy and planning perspective (ie, which 
service has primary responsibility for managing a particular condition?) 

• the location of the condition in the ICD-10 classification and the GBD 2010 classification. 
 

Health states 
Each condition is also decomposed into its constituent health states, which is necessary for YLD 
calculations. A health state may be a stage, phase or complication of a condition – termed a 
‘sequela’ (eg, diabetic nephropathy). A health state may also be a severity level of a condition or 
sequela – typically mild, moderate and severe severity levels are distinguished (eg, mild, 
moderate or severe diabetic nephropathy). The term ‘severity distribution’ is used to describe 
the distribution of prevalent cases of a condition across all its constituent health states, whether 
sequelae or severity levels. The terms ‘sequela’, ‘severity level’ and ‘health state’ are used 
synonymously in the NZBD. 
 
Health states are not necessarily unique to conditions: the same health state may be a sequela of 
multiple conditions. For example, the health state ‘mild heart failure’ is a sequela of coronary 
disease, hypertensive heart disease, valvular heart disease, cardiomyopathy, congenital heart 
disease, along with several other conditions. 
 
In total, the standard NZBD classification comprises 470 health states. The average number of 
health states per condition is therefore 2.2. 
 

Classifying health states into health conditions 

For the most part this is straightforward. However, it is sometimes unclear where a particular 
health state should be classified. For example, diabetic nephropathy could be classified as a 
sequela of diabetes or as a sequela of chronic kidney disease. Where this occurs, a decision must 
be made to avoid double counting the associated burden. There is no one correct method, and in 
each case the decision has been made on the basis of expert clinical and public health advice. 
 
So, to continue with this example, diabetic nephropathy has been classified under diabetes in 
the standard classification. To estimate the total burden of chronic kidney disease, an alternative 
classification is necessary under which diabetic nephropathy is now included under chronic 
kidney disease instead of under diabetes. 
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Case definitions and inclusion thresholds 

Case definitions at the condition group and condition level flow directly from the included 
ICD-10 codes (ICD-10 AM version 6 was used). There, are however, no universally agreed case 
definitions of health states. In order to utilise the GBD 2010 health state valuations, the health 
state definitions were developed by a panel of public health physicians to enable mapping of the 
GBD health state valuations to the New Zealand health state definitions. 
 
Inclusion thresholds were set to avoid the inclusion of large numbers of cases with near zero 
disability weights (ie, little if any health loss). The threshold adopted in the NZBD is ‘need for 
formal health care’. This means very minor health losses that would not benefit from 
intervention by the health care system are not included. As a result, the severity distribution of 
conditions as measured in the NZBD may not fully reflect the spectrum of health state severity 
recognised at a population level. 
 

Alternative classifications 
Alternative classifications can also be used for particular purposes. For example, if the condition 
groups ‘neurological disorders’ and ‘mental disorders’ are aggregated into ‘neuropsychiatric’, 
and ‘injury’ and ‘musculoskeletal disorders’ aggregated into ‘injury/musculoskeletal’, this yields 
a 14 category classification at the condition group level. 
 
Another alternative classification of particular importance is one where condition groups are 
based exclusively on body systems (rather than on a mix of body systems and pathological 
processes, as in the standard classification). Alternative classifications are also possible at the 
specific condition level. For example, the full burden of skin disorders would include conditions 
already classified in the ‘skin disorders’ condition group, as well as lacerations (which are 
classified under injuries), cellulitis (classified under infections), and both melanoma and non-
melanoma skin cancers (classified under cancers). 
 
Other alternative classifications involve splitting or lumping together two or more specific 
conditions within the same condition group. For example, colon and rectal cancers are classified 
as separate cancers under the NZBD classification, yet for reporting purposes are often 
combined as bowel cancer. 
 

Ranking list 

For ranking purposes only a ranking list was prepared at the specific condition level that 
omitted the heterogeneous residual or ‘other, not elsewhere classified’ categories of the standard 
classification. The rationale is that the residual categories do not represent homogeneous 
entities with specific epidemiological, public health, clinical or health service planning/policy 
implications, so including such entities in the rankings would (arguably) obscure rather than 
contribute to meaningful rankings. 
 

Selection and classification of risk factors 
A risk factor is any entity that increases the probability of incidence of one or more diseases or 
injuries. No classification analogous to the ICD for diseases and injuries exists for health risks. 
Instead, the NZBD aimed to include all major modifiable health risks, focusing on proximal risk 
factors; distal social and environmental determinants of health are not included at this stage. 
The major modifiable (and measurable) risk factors identified include dietary, metabolic, 
physiological, substance use, behavioural, health care and injury risk factors. 
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Selection criteria 
The following criteria were used to select risk factors for inclusion in the NZBD (not in order of 
priority). The risk factor should: 

• be an area of policy interest for the Ministry of Health 

• be potentially modifiable, especially through evidence-based interventions 

• be appropriate for epidemiological analysis, as opposed to being better examined using other 
methodologies, such as environmental risk assessment 

• have strong evidence of a causal link to (preferably) more than one health condition included 
in the NZBD 

• be likely to have a significant impact on health inequalities, especially ethnic inequalities 

• be used in other national or global burden of disease studies, especially GBD 2010 

• have reliable estimates of exposure available for the New Zealand population 

• have reliable estimates of relative risks for linked conditions, and of theoretical minimum 
risk exposure distributions, available from GBD 2010 or other sources. 

 

Inclusions 

Risk factors meeting these criteria included dietary, metabolic or physiological, behavioural, and 
substance use risk factors. These categories include the major established risk factors for most 
of the important chronic diseases for which modifiable risk factors are known (cardiovascular, 
respiratory and cancer, in particular). Three other categories of risk factors were also included: 

• adverse health care events 

• diseases that are risk factors for other diseases 

• injury risk factors. 
 
Adverse health care events (‘treatment injury’) reflect the negative impact of health care on 
health. A modification of the Australian Patient Safety Indicator (AUS PSI) classification was 
used to categorise these risk factors. 
 
Several diseases are recognised as major risk factors for other diseases (eg, diabetes is a risk 
factor for coronary disease). These are termed ‘diseases-as-risks’. Failure to include this 
category of risk factors would lead to an underestimation of the total burden (direct plus 
indirect) from these diseases. 
 
The burden of injury assessed from an external cause (E) perspective, as opposed to a nature of 
injury (N) perspective, is also included as a category of risk factor. That is, injuries per se are 
defined by the anatomical nature of the injury (eg, fractures, dislocations, traumatic brain 
injury) and are included under the burden of disease standard classification. However, external 
causes, as classified in the ICD system (eg, falls, transport accidents, animal bites), are 
considered to be risk factors for these injuries and are included as a category of risk factors. 
 

Exclusions 

Several major groups of risk factors were excluded on the basis of these criteria. 

• Environmental/occupational risks were excluded, primarily because environmental risk 
assessment methods, as opposed to epidemiological methods, are the most appropriate for 
analysing these hazards. A secondary consideration is that the Ministry of Health is generally 
not the lead agency for controlling/regulating these hazards. 
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• Risk factors relating to mental health (except alcohol and drug use), and to social structural 
determinants of health (eg, housing), were excluded for several reasons: lack of good-quality 
evidence relating exposure to specific health outcomes included in the NZBD; lack of data on 
exposure distributions; lack of good evidence of modifiability, especially through health 
system intervention; and the lead agency is not the Ministry of Health. 

• Micronutrient deficiencies (other than vitamin D) were excluded because the associated 
health outcomes relate mainly to child cognitive development and are difficult to measure 
using burden of disease methodology. 

• Vitamin D deficiency was excluded because the evidence for causation was regarded as still 
inadequate, except for bone health. The impact on bone health is already largely captured 
through low bone mineral density (osteoporosis). 

 

Risk factor clusters 
Unlike for diseases and injuries, a hierarchical classification of risk factors is not possible 
because risk factors often mediate the effect of other risk factors. For example, high fasting 
plasma glucose mediates (in part) the impact of high body mass index (BMI) on health; and BMI 
mediates (in part) the impact of physical inactivity on health. Instead, an attempt has been 
made to cluster risk factors based on two criteria: 

• related risk factors should be included in the same cluster (eg, injury risk factors in one 
cluster, dietary risk factors in another) 

• risk factors included in the same cluster must not mediate any of the effects of any other risk 
factor included in the same cluster (to more than a minor extent). 

 
Thirty-one risk factors were included in the NZBD, including many of the major risks for 
chronic disease and for injuries. Risk factors are grouped into 10 clusters, four of which include 
only a single risk factor (ie, only six are true clusters) (Table 1). As noted above, the risk factor 
clusters bring together related risk factors whose effect is largely – but not entirely – 
independent of that of any other risk factor included in the same cluster. This is to allow the 
joint impact of each risk factor cluster to be estimated. Appendix 2 summarises this 
classification, along with the conditions causally linked to each risk factor. 
 

Table 1: NZBD risk factors 

Cluster Risk factors 

Substance use Tobacco use, alcohol use, illicit drug use 

Physiological High blood pressure, high blood cholesterol, high blood glucose, low bone mineral density 

Diet High sodium intake, high saturated fat intake, low vegetable and fruit intake 

Adiposity High body mass index (BMI) 

Inactivity Low physical activity 

Sex Unsafe sex 

Health care Adverse health care events 

Unintentional injury Road transport, falls, mechanical force, drowning, poisoning, fire, animal-related, other 

Violence Self-inflicted, interpersonal 

Disease-as-risks Diabetes, atrial fibrillation, anxiety and depressive diorders, bipolar disorder, schizophrenia, 
dementia, obstructive sleep apnoea syndrome, chronic kidney disease. 
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Diseases-as-risks 
Some diseases act as risk factors for other diseases. The condition burden as calculated under 
the standard classification captures only the ‘direct’ burden of these diseases. A full accounting 
of the health loss attributable to diseases-as-risks requires that their ‘indirect’ burdens also be 
calculated and then added to their ‘direct’ burdens in order to estimate their total burdens. 
 
For example, the total health loss attributable to anxiety and depressive disorders is the sum of 
the directly measured burden from this condition, plus the fraction of the suicide and self-harm 
burden causally related to anxiety and depressive disorders (‘indirect’ health loss). Or, to take 
another example, microvascular complications of diabetes are considered to be part of the 
natural history of this disease and are captured in the direct burden of diabetes, but the 
macrovascular complications of diabetes are not included. Yet diabetes is considered to be a risk 
factor for coronary disease, stroke and dementia, so the diabetes-attributable fractions of these 
health losses (the ‘indirect’ diabetes burden) must be added to the directly measured diabetes 
burden to estimate the total burden of diabetes. 
 
Diseases were included as diseases-as-risks on the basis of the following criteria: 

• an established causal link (ideally, randomised controlled trial grade evidence) to one or 
more conditions included in the NZBD standard classification 

• a relative risk (effect size) greater than 1.4 

• both the diseases-as-risks and linked condition account for substantial health loss in at least 
one age-by-sex-by-ethnicity stratum (defined as greater than 1% of all-condition DALYs). 

 
Only a relatively small number of conditions met these criteria (Table 2). 
 

Table 2: NZBD diseases-as-risks for other diseases 

Disease-as-risk factor Linked conditions 

D01 Diabetes E01 
E10 
G02 

Coronary heart disease 
Stroke (ischaemic) 
Dementia 

E05 Atrial fibrillation E10 Stroke (ischaemic) 

F01 Anxiety and depressive disorders RF26 
E01 

Suicide and self-harm 
Coronary heart disease 

F02 Bipolar disease RF26 Suicide and self-harm 

F05 Schizophrenia RF26 Suicide and self-harm 

G02 Dementia Q02 Falls 

I03 Obstructive sleep apnoea syndrome E01 
E10 
D01 

Coronary heart disease 
Stroke (ischaemic) 
Diabetes (type 2) 

K01 Chronic kidney disease E01 
E10 
E04 

Coronary heart disease 
Stroke (all types) 
Hypertensive heart disease 
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Quantifying the fatal burden 
of disease 

YLL metric 
The years of life lost (YLL) metric is a measure of premature mortality that takes into account 
the number of deaths from a particular condition (or all conditions) and the age at which each 
death occurs. YLL measures the fatal burden arising from a specific condition, or from all 
causes. 
 
YLL is calculated using the ‘remaining life expectancy’ method: deaths at each age are weighted 
by the life expectancy remaining at that age. Life expectancy is derived from the GBD 2010 
standard life table. Mathematically: 

YLL = ∑ da x wa 

where d is the number of deaths at exact age a, and w is the remaining life expectancy in the 
standard life table at exact age a. 
 

Mortality data 
Mortality data were extracted from the Ministry of Health’s Mortality Collection for deaths 
registered in the 2005–2007 calendar years. Deaths of non-residents were excluded. 
 
Variables extracted for each death included: day, month and year of death registration, date of 
birth, sex, ethnicity, domicile, country of birth, and underlying cause of death. Average annual 
mortality counts and rates were calculated based on the three years of mortality data (and the 
corresponding New Zealand population data). 
 

Redistribution of ‘garbage codes’ 
Before using the mortality data to calculate YLL, it was necessary to ensure all deaths were 
classified according to the standard burden of disease classification system using standard 
algorithms. By international standards New Zealand is regarded as having a high-quality system 
of death registration, with relatively few deaths coded to problematic underlying causes of 
death. The small proportion of deaths that are so coded mainly relate to the ‘ill-defined’ 
conditions, such as cancer of unknown primary site and injury of undetermined intent. 
 

Redistribution code classification 

Based on the approach used in GBD 2010 (Naghavi et al 2010), we developed a typology for 
redistributing garbage codes, taking into consideration: 

• the likelihood that a given condition can be an underlying cause of death 

• the need for codes that provide specific, unambiguous causes of death 

• the use of codes that represent causes that are not underlying but are intermediate or final 
events in the chain of events leading to death. 
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A description of the redistribution code classification is provided below. 
 

Implausible causes of death 

These are conditions that, although assigned an ICD code, cannot be accepted as the underlying 
cause of death from a burden of disease perspective. They include: 

• symptoms and signs (most ICD-10 ‘R’ codes) 

• certain diseases (such as some skin disorders) that are never fatal. 
 

Immediate causes of death 

These are conditions that are simply the final step along the pathway leading to death and 
should not be assigned as the underlying cause of disease. They include shock, acute renal 
failure, cardiac arrest and respiratory failure. 
 

Intermediate causes of death 

These are conditions that, although distinct clinical entities and acceptable as underlying causes 
of death in principle, are typically consequential on a clearly defined underlying disease that 
would have precipitated the chain of events leading to the death. For burden of disease 
purposes, intermediate causes of death include heart failure, chronic renal failure, septicaemia, 
peritonitis, and chronic liver failure. 
 

Poorly specified or ill-defined causes of death 

Within some ICD chapters, most prominently cancers and injuries, there are deaths for which 
the precise cause is not specified. Examples include cancer of unknown primary site, and injury 
of unspecified external cause, nature or intent. 
 

Conditions that are risk factors or sequelae in the NZBD 

This category includes conditions that are considered in burden of disease terms to be risk 
factors rather than diseases per se (eg, essential hypertension, obesity and atherosclerosis). 
They are therefore included at the risk factor level rather than at the condition level. 
 
Conditions that are considered to be sequelae (generally, late complications) of other conditions 
rather than diseases in their own right are also included in this category. For example, deaths 
coded to paraplegia are redistributed to conditions that have paraplegia as a sequela 
(component health state). 
 

Redistribution algorithms 

The cause of death ICD-10 codes that required redistribution were classified into one of the 
above five types, and redistribution algorithms for each type of code were developed. Three 
types of allocation algorithms were used: 

• simple proportionate redistribution within age-by-sex groups (‘pro rata’), either within a 
condition group (eg, cancers) or across some or all condition groups 

• statistical modelling (eg, logistic regression modelling), with or without the use of data 
linkage 

• expert judgement. 
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More than one method was required for each of the five garbage code categories. For example, 
deaths coded to heart failure were redistributed using a statistical model. One input to this 
model required linking each ‘heart failure’ death to all hospitalisations (if any) experienced by 
that individual in the five years prior to his/her death, using the National Health Index number 
(NHI), or a shorter period if the person was less than five years old at the time of death. The 
linked hospitalisations were reviewed by a panel of clinicians to ascertain whether the most 
likely underlying cause of that individual’s heart failure could be determined (eg, an individual 
previously hospitalised for myocardial infarction and with no indication of any other disease 
likely to cause heart failure would be reassigned accordingly). 
 
In total, 10.4% of deaths (7.1% of YLL) were redistributed. The list of garbage codes is 
summarised in Appendix 2. 
 

Mortality envelope 

To ensure the garbage code redistribution process did not ‘lose’ or ‘create’ any deaths, the 
redistributed deaths were scaled to ensure the totals summed to the number of deaths expected 
in each age-by-sex-by-ethnicity stratum for 2006, based on the Statistics New Zealand mortality 
counts. 
 

YLL weights: the GBD 2010 standard life table 
The standard life table used to derive the YLL weights is that constructed by GBD 2010 for use 
in that study. This life table was constructed by identifying the lowest mortality recorded in 
2010 for each age among all countries with national populations greater than 5 million (eg, the 
lowest mortality for infants might have been that experienced by Sweden, the lowest mortality 
for two-year-olds might have been that experienced by Japan, and so on). These age-specific 
central mortality rates were assembled, with appropriate smoothing, into a mortality schedule 
for the synthetic life-table cohort, and the ‘GBD 2010 standard life table’ was then constructed 
in the conventional way. 
 
This creates an ‘ideal’ life table, which provides a reasonable, if somewhat arbitrary, ‘gap’ or 
weight for a death at each age. The same life table is used for both sexes and ethnic groups so 
that the weight given to a death depends only on the age at death and not on any other personal 
characteristics. 
 
The standard life table can be used in two ways: deaths can first be grouped into age categories 
(eg, five-year age bands) and the average remaining life expectancy (from the abridged standard 
life table) for the centre of each age band used as the weight; or each death can be individually 
weighted according to the exact age at death using the full version of the standard life table. The 
latter approach has been used in the NZBD because it is slightly more accurate. 
 
The YLL weights derived from the GBD 2010 standard life table (abridged version) are provided 
in Table 3. Weights for the full version are too numerous to include in this report but are 
available on request. 
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Table 3: YLL weights, by five-year age band 

Age group (years) Standard expectancy (years) 

0 86.29 

1–4 85.44 

5–9 81.47 

10–14 76.49 

15–19 71.51 

20–24 66.56 

25–29 61.60 

30–34 56.65 

35–39 51.71 

40–44 46.79 

45–49 41.93 

50–54 37.15 

55–59 32.45 

60–64 27.87 

65–69 23.34 

70–74 18.96 

75–79 14.81 

80–84 10.98 

85+ 7.62 
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Quantifying the non-fatal 
burden of disease 

YLD metric 
The years lived with disability (YLD) metric is a measure of health loss resulting from non-fatal 
outcomes. Unlike YLL, YLD is measured at the health state rather than the condition level, with 
non-fatal health loss from component health states then being summed to estimate YLD at the 
condition level. 
 
YLD is more accurately defined as year-equivalents of full health lost because of time spent in 
states of health less than full health. It requires both an estimation of the prevalence of the 
health state and a valuation of the health state. The former estimates the number of people in 
the health state in the reference year (for each demographic stratum of the population). The 
latter estimates the severity of the health state and is referred to as the ‘disability weight’ (DW). 
DWs are assigned on a 0–1 scale, where 0 is equivalent to full health (no health loss) and 1 
represents death (complete health loss). It is the use of this 0–1 weighting that makes YLDs 
commensurate with YLLs. 
 
Mathematically: YLD = ∑ Phs x DWhs where YLD is non-fatal health loss from the specified 
condition in the specified demographic stratum, P is the prevalence of each component health 
state of that condition, and DW is the disability weight of each component health state. 
 
In practice, prevalence data are usually available at the condition rather than the health state 
level. Prevalence of sequelae was therefore frequently calculated from condition prevalence, 
using empirical (or modelled) estimates of the severity distribution (ie, the proportion of 
prevalent cases in each sequela at a point in time). 
 
Note that in the discussion below YLD is sometimes discussed as if it were estimated at the 
condition rather than the health state level, but this is simply a form of shorthand. 
 

Prevalence versus incidence-based YLDs 
The outline above refers to ‘prevalence-based’ YLDs. However, ‘incidence-based’ YLDs can also 
be measured using incident rather than prevalent cases. Incident YLDs measure the future 
health loss resulting from each incident case. This involves multiplying the number of incident 
cases by the expected duration of the health state before recovery, progression to a different 
health state, or death: 

YLD = I x T x DW (where I is incidence, T is duration). 
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Incidence-based YLDs are consistent with a forward-looking, prospective or cohort-based 
approach. This is appropriate for some policy purposes (eg, estimating incremental cost 
effectiveness ratios as an input into priority setting). However, only burden arising from new 
diagnoses is captured, and the burden is assigned to the age at incidence, not to the ages at 
which the health loss is actually experienced.1 
 
By contrast, prevalence-based YLDs represent a cross-sectional or population-based 
perspective. All non-fatal health loss is captured, whether arising from incident or prevalent 
cases, and the health loss is correctly distributed across the ages at which it is experienced. This 
is appropriate for most policy purposes (eg, for health need or health impact assessment). 
 
For this reason, the NZBD (like GBD 2010) uses prevalence-based YLDs as its main reporting 
metric, but also calculates incidence-based YLDs (and hence DALYs) for cost-effectiveness 
analysis purposes. 
 

Acute events 
For acute (short duration) diseases (such as influenza), acute events in the course of chronic 
diseases (eg, acute coronary events) and the acute phase of most injuries (eg, the first week 
following a forearm fracture), the concept of ‘prevalence’ has little meaning. Instead, for these 
conditions we reverted to an incidence-based approach, whereby: 

YLD for acute events = incidence of acute event x duration of acute health state 
(before death, progression or recovery/remission) x disability weight of the acute 
health state. 

 
However, provided the duration is short (defined as less than one year), incidence multiplied by 
duration will be numerically equal to prevalence, and as duration is short the age at incidence 
will be the age when prevalent. So, in practice, for acute or short-term health states there is no 
difference between the two approaches and the incidence multiplied by duration method 
provides ‘prevalence based’ YLDs for these health states. 
 

Episodic diseases 
For consistency across conditions and methods of prevalence estimation, point prevalence is 
used throughout the NZBD. Point prevalence is the number of cases at an instant in time. This 
compares to period prevalence, which refers to the number of cases during a period of time. 
 
To estimate the prevalence of episodic diseases that are characterised by relapse and quiescent 
phases, the relapse and quiescent phases are considered to be component health states, and the 
prevalent cases are distributed across these states2 according to the frequency and duration of 
relapses. For example, if cases of a certain episodic disease experience an average of three 
relapses per year, each lasting an average of two weeks before remitting to the quiescent phase, 
then: 

YLD = [6/52] x point prevalence x DWrelapse + [46/52] x point prevalence x 
DWquiescent. 

 

 

1 Incidence-based DALYs are not the sum over life histories. This is because both incident cases and deaths are 
related to the same reference year for incidence-based DALY estimation: individuals who develop a specific 
condition are not the same persons as those who die from it. In a life history approach, all cases would be incident 
in the same (ie, reference) year but would die at different (and later) times. 

2 The relapse and/or quiescent phases may involve multiple health states rather than just a single health state each, 
but the principle is the same. 
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Data sources and methods for estimating 
descriptive epidemiology 
Statistical methods 
As explained above, the epidemiological parameters required for estimating the YLDs from a 
particular condition are (some combination of) prevalence, incidence, duration or survival, and 
severity distribution. However, additional parameters – remission rate and case fatality rate (or 
other measure of relative risk of mortality) – were sometimes required as inputs to DISMOD, a 
multi-state life-table software program (see below). 
 
The necessary epidemiological data were derived from multiple sources: disease registers, linked 
or unlinked administrative databases, population-based health surveys, and epidemiological 
research studies. Gaps in the empirical data were filled using DISMOD. 
 

Data sources 
In total, 269 uses of one or more data sources were made for estimating prevalence, incidence or 
other descriptive epidemiological parameters of the 217 conditions. The data sources were: 

• disease registers (comprising the New Zealand Cancer Registry, New Zealand Birth Defects 
Registry, Public Health Surveillance Databases, the Australia and New Zealand Dialysis and 
Transplant Registry): 42 uses (16%) 

• New Zealand Health Tracker (anonymously linked administrative databases): 175 uses (65%) 

• population-based surveys conducted by the Ministry of Health, in particular the 2004 Mental 
Health Survey (Te Rau Hinengaro) and the 2006/07 New Zealand Health Survey: 20 uses 
(7%) 

• New Zealand or overseas epidemiological research studies: 32 uses (12%) 

• expert panels: where no usable data could be extracted from published or unpublished 
reports or databases, an expert panel was convened and expert judgement used to provide 
estimates for the missing parameters. This proved necessary on three occasions: a panel of 
three trauma experts provided judgement-based estimates on duration of the acute medical 
treatment phase for four injuries; a panel of experts in reproductive health provided advice 
on the descriptive epidemiology of infertility and other related conditions; and a panel of 
experts provided advice on health states linked to certain infant conditions. 

 
Data were extracted from these sources and rates calculated using standard statistical methods. 
However, administrative data often related to periods later than 2006 (as data quality or linkage 
rates were higher for more recent data), while survey data sometimes related to periods earlier 
than 2006 (as this was when the most recent survey was fielded). In such cases, regression 
models were used, where possible, to adjust the counts or rates to 2006. Where this was not 
possible, or where there was good reason to believe that prevalence rates were stable over the 
intervening period, the default option was to use the empirical data without adjustment for 
period. 
 
Where data were extracted from surveys or research studies, estimates could sometimes not be 
obtained directly for the standard 19 burden of disease age groups (0, 1–4, 5–9, ..., 80–84, 85+ 
years – see later), or for both Māori and non-Māori ethnic groups. In such cases, regression or 
other smoothing methods was applied to derive the required subpopulation estimates. 
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New Zealand Health Tracker 
The Health Tracker is the Ministry of Health’s data linkage facility. All administrative data sets 
that use the NHI can in principle be linked (although for most it is only in recent years that NHI 
completion rates have been high enough to make the linkage worthwhile). 
 
The linked data sets used to obtain epidemiological estimates using the Health Tracker include 
the New Zealand Cancer Registry, Client Claims Processing System, General Medical Subsidy, 
Laboratory Claims Collection (community laboratory test requests), Mental Health Information 
National Collection, Mortality Collection, National Maternity Collection, National Minimum 
Dataset (public and private hospital discharges), National Non-admitted Patient Collection 
(medical and surgical outpatient events and emergency department events), Pharmaceutical 
Collection (community pharmacy dispensing of prescribed medicines), Programme for the 
Integration of Mental Health Data, and Socrates (disability needs assessments). In addition, the 
Primary Health Organisation Enrolment Collection was used to calculate population 
denominators. 
 
Note that the extent of data linkage varied for different conditions: extensive linkage involving 
multiple data sets was required (or helpful) only for a minority of conditions. 
 
Note also that some Health Tracker indicators had to be developed specifically for the NZBD 
and so were relatively untested in terms of reliability and validity. Most, however, were graded 
‘robust’ (well tested and capturing most of what they were designed to do) or ‘partial capture’ 
(capturing most of what they were designed to do, but further testing or fine tuning is required). 
 

Prevalence indicators 
The design of a Health Tracker prevalence indicator suitable for burden of disease use is best 
described using an example: for instance, the prevalence of gout. People were identified as 
prevalent cases of gout in the Health Tracker population, derived from quarterly primary health 
organisation (PHO) enrolment data, if they: 

• had either received a discharge diagnosis of gout (ICD-9 274 or ICD-10 M10) from a public 
hospital admission at any time between 1988 and 2009, or 

• had been dispensed allopurinol or colchicine from a community pharmacy at any time from 
2001 to 2009 and did not have a diagnosis of a haematological malignancy in the 24 months 
preceding the first dispensing of allopurinol, and 

• were alive and still living in New Zealand as at last quarter 2009, as evidenced by any 
recorded health care contact during 2008–09 (including being enrolled with a PHO). 

 
Dispensing of probenecid was not included in the algorithm because it is often used for other 
purposes. This is not the case for allopurinol, which is seldom used for the treatment of 
asymptomatic hyperuricaemia in New Zealand. 
 
Using this indicator, gout case ascertainment was based on hospital discharge diagnosis alone 
for 3%, medication dispensing alone for 83%, and both criteria for 14%. Mark-recapture could 
have been used to estimate the number of cases not identified, but this would have introduced 
additional uncertainty and risked inclusion of very mild cases below the severity threshold, 
which we attempted to apply consistently across all conditions. 
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As illustrated by the gout example, the lack of a data source providing diagnoses from primary 
care3 and the lack of a data source providing laboratory test results (as opposed to test requests) 
are the major limitations of the Health Tracker at present. 
 

Incidence indicators 
The method for developing incidence indicators is similar to that used for prevalence indicators. 
The main difference is the need to accurately identify first-ever events (eg, first-ever hospital 
discharge relating to a particular chronic condition). Otherwise, incidence rates will be 
overestimated as a result of erroneous inclusion of prevalent cases that had their true incidence 
prior to the available period of observation. 
 
Overestimation of incidence as a result of including prevalent cases can be reduced by imposing 
a sufficiently lengthy look-back period. Unfortunately, we are limited in how far back we can go 
by data quality limitations, low NHI completion rates in earlier years, and changes in diagnostic 
coding and technology. In practice, it was sometimes not possible to use a look-back period 
longer than five years. Instead, we used the Brameld-Holman backcasting method (Brameld 
et al 2003) in such cases. As described by these authors (Brameld et al 2003), ‘this implements 
an actuarial retrograde survival model to derive correction factors for the levels of over-
ascertainment of first-time events according to the number of years of linked data on which 
estimates are based’. 
 

DISMOD 
DISMOD II is a multi-state life-table software program (Barendregt 2012). It was used in the 
NZBD to: 

• fill in gaps in the empirical epidemiological data (eg, to estimate prevalence when incidence 
was known) 

• force consistency between epidemiological estimates derived from different sources (eg, to 
ensure that empirical estimates of incidence and prevalence, when both were available, were 
mutually consistent). 

 
The 2006 New Zealand population (by single year of age and sex) and 2005–07 annualised all-
cause mortality rates were entered into DISMOD II to generate the synthetic cohort life tables. 
Similar life tables were built for Māori and non-Māori populations. 
 
To use DISMOD for a particular disease, a state–transition model is set up such that (for each 
age, sex and ethnic group) people at risk of the disease are subject to an incidence hazard. When 
diseased they are subject to a remission hazard and a case fatality hazard. People with and 
without the disease are subject to mortality from other conditions. Provided case fatality is 
defined to include all excess mortality from the disease (which may be different to deaths coded 
to the disease in the ICD),4 the model is completely determined by incidence, remission and case 
fatality (Figure 1). 
 

 

3 The commercial database HealthStat was explored as a source of primary care diagnostic information, but Read 
coding completion rates were too low (often less than 20%) for most of the conditions of interest. However, this 
remains a possible option for the future. 

4 For example, not all deaths attributable to diabetes are so coded in the Mortality Collection. 
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Figure 1: DISMOD II state–transition model 

 
 
So if any three of incidence (i), remission (r), prevalence (State 2) or case fatality are known, 
then values for the remaining (fourth) parameter can be outputted by the model. 
 
In practice, relative risk of mortality can substitute for case fatality, as can disease-specific 
(coded) mortality so long as it can be assumed that all deaths attributable to the disease will in 
fact be so coded. Also, duration can be used as an additional input parameter (related to survival 
with the condition; ie, time from incidence to either remission or death), but unfortunately data 
on duration are generally not available. Remission is often zero for chronic diseases with no 
recovery, but in practice a small positive remission rate was inputted to allow for misdiagnosis. 
 
Given the necessary inputs, the model uses an iterative optimisation algorithm, called a 
‘downhill simplex’, to derive a solution to the set of simultaneous differential equations. The 
model allows ‘anchoring’ on the input or inputs considered most reliable to drive the equations 
towards one solution rather than another. Decisions about anchoring on specific data inputs rely 
on expert judgement. 
 
DISMOD was used for about half the conditions or health states in the NZBD, split almost 
equally between closing empirical data gaps and forcing consistency among empirical data 
extracted from different sources. 
 

Specific methods used for each condition 
group 
The above describes the general principles and methods applied to estimate the descriptive 
epidemiology for each condition. The detail of data sources and methods varies by condition 
group, however, and sometimes by condition within a condition group. Interested readers 
should consult the Excel workbook and accompanying methodology log for each condition 
group, available from the NZBD on request. In addition, special methods used for injury 
epidemiology are summarised later in this report, and in a separate report on the burden of 
injury (Ministry of Health and ACC 2013). 
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Estimating YLD: health state 
valuation 

Principles 
Health states need to be valued as well as described in order to make non-fatal outcomes 
commensurate with fatal outcomes (so that they can be summed to give DALYs). Measurement 
equivalence is achieved by assigning a ‘disability weight’ (DW) to each unique health state. The 
DW is a number on a continuous scale running from zero to one. It represents the severity of 
health loss (not broader welfare loss) associated with each unique health state, as follows. 

• A DW of zero means the health state is equivalent to full health – it is not associated with any 
health loss. 

• A DW of 1 means complete health loss (death). 
 
To see how use of this scale makes fatal and non-fatal outcomes commensurate, consider that 
for any demographic stratum and condition: 

YLL = number of deaths x duration of lost life expectancy x DW (equal to 1, by definition) 

YLD = number of cases x duration in health state x DW (varies from 0 to 1). 
 
Note that DWs apply to health states, not conditions. However, an average DW for a condition 
can be obtained by weighting the DWs of its constituent health states by the proportion of cases 
in each of these health states (the ‘severity distribution’ of the condition for each demographic 
stratum). 
 
The value of a specific health state is the same for everyone in that health state, irrespective of 
personal characteristics such as age, sex, socioeconomic position or ethnicity. However, the 
average DW at the condition level may vary by demographic group if the severity distribution 
varies. 
 
In principle, the valuations of health states are unaffected by treatment. Instead, treatment 
works by altering the severity distribution of cases (and hence the average or ‘effective’ DW at 
the condition level), and sometimes by introducing new health states to the mix of component 
health states (eg, reflecting an adverse effect of treatment). 
 
Most importantly, health state valuations do not vary with time and are not affected by 
prognosis: if the severity of a person’s condition deteriorates (or improves), then the individual 
has transitioned to a new health state. So severity and duration are independent. 
 
Health state valuations may be elicited in different ways (see below), but all methods consider 
health states in isolation. Because an individual may experience more than one health state at a 
time, DWs must be adjusted for comorbidity. This topic is considered in a later chapter. 
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Health state valuation in GBD 2010 
A three-stage process was used to elicit DWs for health states. 

1. Simple lay descriptions (clinical jargon-free statements, less than 35 words) were 
developed for each of the 215 unique health states included in the study. A random sample 
of these were then administered to approximately 16,000 respondents to an internet 
survey and approximately 12,000 respondents to face-to-face surveys of the general public 
in five countries. Respondents were asked a simple question: given health state A and 
health state B (as defined by their respective lay descriptions), which is the healthier? This 
pairwise comparison was then used (via a standard statistical algorithm) to rank order all 
215 unique health states from first to last. 

2. A subset of 30 of these health states (carefully selected to cover the range of severity) was 
then anchored on the 0–1 scale by a subset of the internet survey respondents, using a 
trade-off method to assign ‘population health equivalence’. 

3. Finally, the remaining rank-ordered health states were interpolated onto the 0–1 scale 
given the 30 anchors (plus full health and death), using an appropriate statistical model. 

 

Concerns with the GBD 2010 DWs 
Two main concerns have emerged with the new GBD 2010 DWs. 

• Use of the general public as the source of values, along with the survey mode for data 
collection, meant that the health state descriptions had to be highly simplified and made very 
brief. These very short, non-clinical statements may have failed to capture all relevant 
impacts across all relevant health domains, and may have done so inconsistently across 
health states. As a result, the rank ordering may be internally inconsistent. 

• The method used for anchoring (converting rank ordering to an absolute position on the 
0 to 1 scale) involved a trade-off process, so the cognitive task may have been too great for a 
survey mode of data collection (ie, respondents may not have fully understood the task). So 
even if the rank order was correct, the DWs may have been systematically skewed. 

 
Whatever the reason, the new DWs do seem to be systematically low and a small number of 
health states do appear on the face of it to have been misvalued. 
 

Comparison of old (GBD 2000) with new (GBD 2010) 
DWs 
The old DWs (as used in GBD 2000) should not be regarded as some sort of gold standard: 
unlike the GBD 2010 DWs they were not derived by a fully systematic process and also represent 
the values of health professionals rather than the general public. Nevertheless, it is still of 
interest to briefly compare the two sets of DWs. 

• GBD 2010 DWs are lower on average, with approximately 25% below 0.05 compared with 
14% in GBD 2000. 

• Comparing matching health states the correlation is not all that high, especially for DWs 
below 0.2 (which includes the majority of GBD 2010 health states). 

• Health states valued much lower in GBD 2010 than GBD 2000 include: 

– hearing loss, severe (0.03 versus 0.33) 

– vision loss, severe (0.20 versus 0.60) 

– intellectual impairment, severe (0.13 versus 0.80). 
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In general GBD 2010 gives: 

• low values for health states not involving pain or dysphoria 

• low values for health states involving only cognitive or motor deficits 

• inconsistent (but often high) values for pain states 

• non-linear values for severity levels within a health state. 
 

Measurement of health state DWs for the 
NZBD 
Despite these concerns, the NZBD aimed to use the GBD 2010 DWs with as little modification as 
possible, for the following reasons. 

• GBD 2010 DWs are more robust and more systematically derived than GBD 2000 DWs, and 
are provided with ranges, allowing standard errors to be calculated. 

• Any modification of DWs compromises the comparability and international benchmarking of 
our burden estimates. 

• Any modification of DWs will necessitate a ‘mixed methods’ approach, thereby introducing 
further complexity and opportunity for bias. 

 

Mapping from GBD 2010 to NZBD 
The health state valuations in the NZBD did not exactly match the definitions used in the GBD. 
It was therefore necessary to map the NZBD health states to the 215 unique health states used in 
GBD 2010, as follows. 

• For most NZBD health states a corresponding or equivalent health state was readily located 
on the GBD 2010 list. 

• Where no close match could be found between an NZBD health state (given the NZBD case 
definition) and a GBD 2010 health state (given the lay description of the health state), a panel 
of three public health physicians attempted to identify an analogous health state on the GBD 
2010 list. 

• If no analogous health state could be identified, the panel used a pairwise comparison and 
visual analogue scale (VAS) to interpolate a value for the NZBD health state. 

• The mapping process uncovered a small number of health states for which the DW of the 
matching GBD 2010 health state was, at face value, problematic (see below). 

 

Expert panel 
An expert panel of eight public health and clinical experts was established to consider the small 
set of GBD 2010 DWs of concern. Using expert judgement, aided by pairwise comparison and 
VAS, the expert panel considered health states relating to the following: intellectual impairment, 
vision loss, hearing loss, dysrhythmia, heart failure, attention deficit hyperactivity disorder 
(ADHD), and infertility. 
 
Small upward adjustments were made to DWs relating to intellectual impairment, vision loss 
and hearing loss. Small downward adjustments were made to DWs for certain severity levels of 
heart failure and dysrhythmia. DWs for infertility and ADHD were accepted without 
modification. Final values for the NZBD health state DWs, and the average weighted DWs at the 
condition level, are summarised in Appendix 1. 
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No discounting and age weighting 
In NZBD, DALYs were calculated without discounting or age weighting, as was done in GBD 
2010 (Murray et al 2012). This is a different approach to that used in earlier Global Burden of 
Disease studies, which used a discount rate of 3%, meaning that a weighted year of life saved 
next year is worth 97% of a year of life saved this year. Earlier GBD studies also weighted health 
loss in young adults more highly than health loss at younger and older ages. Therefore, the 
DALYs reported in the NZBD reports (Ministry of Health 2013, Ministry of Health and ACC 
2013) cannot be compared with earlier studies because current DALYs are undiscounted and not 
age weighted. 
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Health expectancy 

Concept 
Health expectancy is a summary measure of population health that integrates both fatal and 
non-fatal outcomes. This statistic has proven valuable for international comparisons of trends in 
population health, and for assessing ‘compression of morbidity’: the success (or otherwise) of 
health systems in adding life to years as well as years to life. 
 
Health expectancy can be thought of as a generalisation of life expectancy to include time lived 
in different health states, defined by level of disability. Health state expectancies (eg, 
independent life expectancy) use discrete thresholds to define different levels of disability. 
Health-adjusted life expectancy uses continuously distributed severities of disability (ie, 
corresponding to a 0–1 scale) to include all possible health states (and therefore avoids the 
discontinuities or threshold effects inherent in health state expectancies). 
 
The form of health-adjusted life expectancy, referred to as health expectancy, measured in 
relation to the NZBD uses the all-condition YLD rate at each age as the measure of ‘disability’ or 
‘non-fatal health loss relative to full health’ experienced by the population at that age. So health 
expectancy at birth in 2006 represents how long an individual born in 2006 could expect to live 
in full health, on average, assuming that both age-specific mortality and YLD rates remain 
stable. 
 

Method 
The official Statistics New Zealand abridged life tables for 2005–07 were used to capture the 
mortality experience of the New Zealand population (by sex and Māori/non-Māori ethnicity) by 
five-year age group (with an upper open-ended age interval of 85+). Estimates of average levels 
of health (of survivors) for each age-by-sex-by-ethnicity stratum were derived by summing the 
YLDs (from the NZBD) for respective strata over all conditions. 
 
These estimates were then incorporated into the life tables using Sullivan’s observed prevalence 
method (Robine et al 2007), yielding health expectancy as an output of the life table along with 
full life expectancy. That is, the age-specific YLD rate was used to partition the person-years 
lived by that age group into healthy years and unhealthy years. Separate Sullivan life tables were 
constructed for total, Māori and non-Māori populations, by sex (ie, a total of six life tables). 
 
Full details of the general method for constructing Sullivan life tables are provided in a separate 
Ministry of Health – Statistics New Zealand publication (Ministry of Health and Statistics New 
Zealand 2009) and in a manual produced by the European Union (Robine et al 2007). 
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Quantifying uncertainty 
Variance arising from the mortality input to the life tables is so small relative to that arising 
from the YLD input (generally less than 5% of the total uncertainty, and often less than 1%) that 
the decision was made to ignore this source of uncertainty. The confidence intervals for the 
health expectancy estimates were derived solely from the variance around the YLD estimates 
and projections. 
 
The 2006, 2011 and 2016 Sullivan life tables (for each sex-by-ethnic group) were then rebuilt 
using the lower confidence interval (LCI) and upper confidence interval (UCI) instead of the 
corresponding point estimate values for the YLD input. LCI and UCI values for health 
expectancy at birth (or any other age) were then extracted from these life tables. 
 

Projecting health expectancy 
Official projected abridged period life tables for 2011 (2010–12) and 2016 (2015–17) for both 
sexes and ethnic groups were provided by Statistics New Zealand (these are based on ‘medium’ 
assumptions for future mortality). All-condition projected YLD rates by five-year age group, sex 
and ethnicity were extracted from the NZBD Projections Database, along with their respective 
standard errorss. The projected health expectancy estimates for 2011 and 2016, with confidence 
intervals, were calculated in the same way using projected YLD and standard error estimates. 
 

Compression metrics 
Absolute compression was measured as the difference between full life expectancy and health 
expectancy (at birth or any other age): 

absolute compression: [LE – HE] t1 > [LE – HE] t2. 
 
Relative compression was measured as the ratio of HE to LE (at birth or other age): 

relative compression: [HE / LE] t1 < [HE / LE] t2. 
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Risks to health 
To prevent diseases and injuries it is important to understand the risks to health. The focus of 
the NZBD is on proximal risks, such as behavioural and biological factors, rather than distal 
risks, such as poverty, inequality, discrimination, pollution or other social and environmental 
determinants of health. Table 4 shows the risk factors and risk factor clusters included in the 
NZBD, along with their major linked condition groups. The selection and classification of risk 
factors was described in the section ‘Selection and classification of risk factors’. 
 

Table 4: NZBD risk factors 

Risk cluster Risk factor Major linked condition group(s) 

Cancer Vascular Endocrine Mental Injury 

Substance use Tobacco use ● ●   ● 

Alcohol use ● ● ● ● ● 

Illicit drug use    ● ● 

Physiological High systolic blood pressure  ●    

High total blood cholesterol  ●    

High fasting plasma glucose  ● ●   

Low bone mineral density (osteoporosis)     ● 

Dietary High sodium intake ● ●    

High saturated fat intake 
(substituted by PUFA) 

 ●    

Low vegetable and fruit intake ● ●    

Adiposity High body mass index ● ● ●   

Inactivity Low physical activity ● ● ●   

Sex Unsafe sex ●     

Health care Adverse event (pre- and in-hospital)  ●   ● 

Injury1 
(unintentional) 

Transportation     ● 

Fall     ● 

Mechanical force     ● 

Animal contact     ● 

Poisoning     ● 

Fire     ● 

Drowning     ● 

Violence Self-inflicted     ● 

Interpersonal violence     ● 

Diseases that 
are risk factors 
for other 
diseases 

Diabetes  ●    

Chronic kidney disease  ●    

Atrial fibrillation  ●    

Obstructive sleep apnoea  ●    

Anxiety and depressive disorders  ●   ● 

Bipolar disorder     ● 

Schizophrenia     ● 

Dementia     ● 

1 Alcohol and drug use as risk factors for injury/violence and mental illness are included under substance use. 
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Comparative risk assessment 
Comparative risk assessment (CRA) is a systematic approach to evaluate the changes in 
population health that would result from modifying the population distribution of exposure to 
selected risk factors. The inputs into CRA analyses are the: 

• population risk factor exposure distribution 

• counterfactual risk factor exposure distribution – in this case, the theoretical minimum risk 
exposure distribution (TMRED) 

• effect of risk factor exposure on disease-specific outcomes (relative risk, or RR) 

• disease burden (YLL, YLD, DALY) from linked conditions. 
 
To estimate the burden of disease attributable to a risk factor, the first step is to calculate the 
population-attributable fraction (PAF). The formula for calculating the PAF differs depending 
on whether the risk factor has a continous distribution (ie, mean and SD) or the risk factor is 
categorical (eg, smoking, non-smoking). 
 

Continuous risk factors 
For risk factors with a continuous exposure distribution, we calculated the PAF using the 
following formula: 

 
where: PAF is the burden attributable to a risk factor; RR(x) is the relative risk of a specific 
disease or injury at exposure level x; P1(x) is the current (or future) population distribution of 
exposure; P2(x) is the counterfactual distribution (ie, TMRED); and m is the maximum 
exposure level. 
 

Categorical risk factors 
For risk factors where exposure was classified into two or more categories, we calculated the 
PAF using the following formula: 

 
where RRi is the relative risk for exposure category i, Pi is the proportion of the population in 
exposure category i, and n is the number of exposure categories. 
 

Joint effects 
For risk factor clusters, we estimated the joint burden using the following formula: 

 
where r is each individual risk factor in the cluster, and R is the number of risk factors in the 
cluster. 
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Note that this approach assumes that risk factors are independent; that is, risk factors in a 
cluster are not correlated and do not overlap, and the effect of one risk factor is not mediated or 
modified by another risk factor in the cluster. 
 

Attributable burden 
To calculate the burden of disease or injury attributable to a risk factor, the PAF was multiplied 
by the disease burden (YLL, YLD, DALY) for linked conditions. All calculations were done for all 
age groups, both sexes, Māori and non-Māori, and for 2006 (and projections for 2011 and 2016). 
 

Overview of data sources 
An overview of data sources for risk factors is provided below. For individual risk factors or risk 
factor clusters more detail is provided in the following section. 
 

Risk factor exposure distributions 
For most risk factors (substance use, physiological, diet, inactivity, and adiposity), risk factor 
exposure distributions were obtained from recent nationally representative population health or 
nutrition surveys (Table 5). Adverse health care event rates were derived from a national survey 
of hospital discharges, using an expert clinical panel to identify events. Data for unsafe sex and 
osteoporotic fractures were extracted from the NZBD database itself. 
 
We extracted data from survey data sets using SAS Enterprise Guide 5.1. We accounted for 
complex survey design and used sampling weights in estimating risk factor exposures. 
 
Some risk factors (dietary, physiological and adiposity) were treated as continuous variables, 
with the exposure distribution represented by a mean and standard deviation (SD). Due to 
within-person variation in dietary and biological measures, using a one-off measurement 
overestimates the SD of the usual population exposure distribution. Therefore, the SD was 
adjusted by multiplying it by a regression dilution ratio derived from studies that included 
multiple measurements. 
 

Theoretical minimum risk exposure distribution 
The TMRED is the exposure distribution that would result in the lowest possible population 
risk. For some risk factors (eg, tobacco use), the theoretical minimum risk factor distribution is 
no exposure. However, for other risk factors (eg, blood pressure), zero exposure is not possible 
or the exposure level that confers the lowest risk of disease or injury is not well established. 
 
Where possible, the theoretical minimum risk exposure distribution (TMRED) for the NZBD 
was obtained from the GBD 2010 study (Lim et al 2012). The choice of TMREDs by the GBD 
team was based on evidence from two main sources: epidemiological studies showing a 
continuous reduction in risk of disease to the chosen distribution, and a distribution that is 
theoretically possible at the population level. For some risk factors the TMRED included a range 
to reflect uncertainty. 
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Linked conditions and relative risks 
Where possible, linked conditions and effect sizes (relative risks, RRs) for each risk factor / 
condition pair were sourced from GBD 2010 (Lim et al 2012). For most risk factors the GBD 
team sourced RRs from previously published meta-analyses of epidemiological studies. 
However, for some risk factors the GBD team updated previous meta-analyses or undertook new 
meta-analyses, and these were not published at the time we undertook our analyses. Therefore, 
for some risk factors we sourced RRs from other national or international comparative risk 
assessment studies or published meta-analyses. 
 
As is usual in meta-analyses, RRs were adjusted for measured confounders but not for effect 
modifiers (ie, factors along the causal pathway). Where evidence was limited to the RR of 
morbidity or mortality, it was assumed that the reported relative risks applied equally to both 
non-fatal and fatal outcomes. For most risk factor / condition pairs, RRs were for both sexes 
combined, with adjustment for sex. 
 
When necessary, spline interpolation was used to obtain RRs for NZBD age groups. A summary 
of data inputs for selected risk factors is provided in Table 5. 
 

Table 5: Summary of data inputs for selected risk factors 

Risk factor Exposure definition Source of 
exposure data 

TMRED Linked conditions Source of 
relative risks 

High body 
mass index 

Body mass (kg/m2) 2006/07 New 
Zealand Health 
Survey (Ministry 
of Health 
2008a) 

Mean 21–23 
(SD 1.1–1.8) 
kg/m2 

Ischaemic heart disease, 
ischaemic stroke, 
hypertensive heart 
disease, diabetes mellitus 

Singh et al 
submitted 

Cancers: oesophageal, 
gall bladder, pancreatic, 
kidney, breast, uterine, 
colon and rectum 

Renehan et al 
2008 

Osteoarthritis GBD* 

High blood 
pressure 

Systolic blood 
pressure (mmHg) 

2008/09 Adult 
Nutrition Survey 
(University of 
Otago and 
Ministry of 
Health 2011a) 

Mean 110–115 
(SD 4–6) mmHg 

Ischaemic heart disease, 
ischaemic stroke, 
haemorrhagic stroke, 
hypertensive heart 
disease 

Singh et al 
submitted 

High blood 
glucose 

Fasting plasma 
glucose (mmol/L) 
(modelled from 
HbA1c) 

2008/09 Adult 
Nutrition Survey 

Mean 4.9–5.3 
(SD 0.4–0.6) 
mmol/L 

Ischaemic heart disease, 
stroke, diabetes mellitus 

Singh et al 
submitted 

High blood 
cholesterol 

Total cholesterol 
(mmol/L) 

2008/09 Adult 
Nutrition Survey 

Mean 3.8–4.0 
(SD 0.50–0.65) 
mmol/L 

Ischaemic heart disease, 
ischaemic stroke 

Singh et al 
submitted 

Low 
vegetable 
and fruit 
intake 

Dietary intake of all 
fresh, frozen, canned 
and dried vegetables 
and fruit, excluding 
starchy tubers 
(potatoes, kumara, 
taro), mature legumes 
(lentils, dried peas 
and beans), and 
juices (g/day) 

2008/09 Adult 
Nutrition Survey 

Mean 600 
(SD 50) g/day 

Ischaemic heart disease, 
ischaemic stroke 

Dauchet et al 
2005; Dauchet 
et al 2006 

Cancers: lung, gastric, 
colon and rectum 

Lock et al 2004 

Cancers of the mouth, 
oesophagus, pharynx 

Boeing et al 
2006 

Low poly-
unsaturated 
fat intake 

Dietary intake of 
polyunsaturated fat 
(% energy) 

2008/09 Adult 
Nutrition Survey 

Mean 12 
(SD 1.2) % 
energy 

Ischaemic heart disease Danaei et al 
2009 
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Risk factor Exposure definition Source of 
exposure data 

TMRED Linked conditions Source of 
relative risks 

High 
sodium 
intake 

Dietary intake of 
sodium (mg/day) 

2008/09 Adult 
Nutrition Survey 

Mean 1000 (SD 
100) mg/day 

Gastric cancer World Cancer 
Research Fund 
and American 
Institute for 
Cancer 
Research 2007 

Ischaemic heart disease, 
stroke 

Strazzullo et al 
2009 

Physical 
inactivity 

Physical activity 
categories: 
0. Inactive 
1. Low active 
2. Moderately active 
3. Highly active 

2006/07 New 
Zealand Health 
Survey 

All individuals 
highly active 
(level 3) 

Ischaemic heart disease, 
ischaemic stroke, 
diabetes mellitus, breast 
cancer, colon cancer 

Danaei et al 
2009 

Note: Analyses for these risk factors was limited to 35+ years; * personal communication, 21 November 2011. 

 

Data sources by risk factor 
The following section provides more detail about data inputs for each risk factor. 
 

Tobacco 

Exposure 

Active smoking 

The health impact of exposure to tobacco smoke largely depends on cumulative exposure: 
duration and intensity of smoking (pack-years). Furthermore, some health endpoints (cancer) 
have long lag periods. Current smoking prevalence is therefore a limited indicator of health 
impact. 
 
In response, Peto et al (1992) introduced the concept of the smoking impact ratio (SIR) as an 
indicator of cumulative exposure to tobacco smoke. SIR is based on the concept that the (age-
specific) lung cancer mortality rate in excess of the ‘background’ never-smoker lung cancer 
mortality rate in a population is a (population-level) biomarker of cumulative exposure to 
tobacco smoke that also takes into account (changes in) cigarette design and smoking 
behaviours, as well as the time lag between exposure and outcome: 

SIR = [C – N] / [S* – N*] 

where C is the observed lung cancer mortality rate in any age-by-sex group in the population of 
interest in the year of interest, N is the corresponding never-smoker rate, and S* and N* are the 
lifelong smoker and never-smoker rates in some reference population. 
 
However, this method overestimates the impact on short-lag conditions (because smoking 
prevalence has fallen in recent years), so we have replaced the SIR with the 1996 Census current 
smoking prevalence (ie, assuming a 10-year lag period) for estimating the tobacco-attributable 
burden of coronary heart disease, stroke and diabetes (this is the method recommended by GBD 
2010). 
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Second-hand smoke 

The New Zealand Health Survey 2006/07 was used to derive estimates of the proportion of 
people exposed to a smoker in their home. It was assumed that workplace exposure was now 
close to zero. Exposure during pregnancy was sourced from the Growing Up in New Zealand 
study (Morton et al 2010). 
 

Fires caused by cigarettes 

For fire injuries, anonymous data were obtained from the New Zealand Fire Service on deaths 
caused by fires, and compared with 2006 mortality data recorded in the Mortality Collection. 
The proportions of fire deaths likely to be related to smoking (including fires started by matches 
and cigarette lighters) were identified. 
 

Linked conditions and relative risks 

The second Cancer Prevention Study (CPS II) was used as the source for identifying linked 
conditions and relative risks for smoking (Thun et al 2000). 
 

Alcohol 

Exposure 

Alcohol consumption data were kindly provided by Professor Jennie Connor and have 
subsequently been published (Connor et al 2013). 
 

Linked conditions and relative risks 

Again these were sourced from Professor Connor (2013). The relative risks for diseases were 
those estimated by the GBD 2010 Alcohol Expert Working Group on the basis of a meta-analysis 
of the literature. The alcohol-attributable fractions for injuries were those derived in the early 
2000s by Professor Connor (based on New Zealand studies of blood alcohol concentrations of 
injury victims), because the Otago team considered the GBD estimates to be inapplicable to New 
Zealand. 
 

Net impact 

Alcohol exerts both harmful and protective effects on health (the latter refers mainly to 
reduction in the risk of coronary heart disease, stroke and type 2 diabetes). The impacts 
reported in the main NZBD report are net impacts. 
 

Illicit drugs 

Exposure 

The drug-using population was assumed to be that identified in the 2004 Mental Health Survey 
(Te Rau Hinengaro) on the basis of drug use disorder. This excludes occasional users and 
identifies the current regularly using population. Rates estimated for 2004 were applied to the 
2006 population to estimate the population at risk in the index year. 
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Linked conditions and relative risks 

The following health outcomes associated with illicit drug use were included, based on reported 
evidence for causation and strength of relationship (Degenhardt and Hall 2012): suicide, 
accidental overdose, dependence, injury, and infections relating to drug use. Other chronic 
conditions related to drug use were not included, either because of insufficient evidence or lack 
of data. Relative risks for these outcomes were derived by literature review (Blakely et al 1999; 
Degenhardt et al 2011; Degenhardt and Hall 2012; Donato et al 1998; Drummer et al 2004; 
Harris and Barraclough 1997; Hiroeh et al 2001; Nelson et al 2011; Ridolfo and Stevenson 2001; 
Shepard et al 2005; Wilcox et al 2004). 
 

High systolic blood pressure 

Exposure 

Blood pressure exposure data were sourced from the 2008/09 Adult Nutrition Survey. A total of 
4345 participants had three valid blood pressure measurements. A description of the survey 
design and data collection methods is published elsewhere (University of Otago and Ministry of 
Health 2011b). 
 
Due to within-person variation in blood pressure, using a one-off measurement overestimates 
the SD of the usual population exposure distribution. Therefore, the SD was adjusted by 
multiplying it by a regression dilution ratio derived from a study that included multiple 
measurements of blood pressure (MacMahon et al 1990). 
 

TMRED 

The TMRED mean (110–115 mmHg) and SD (4–6 mmHg) were obtained from GBD 2010 (Lim 
et al 2012; Singh et al submitted). 
 

Linked conditions and relative risks 

Linked conditions were derived from GBD 2010 (Lim et al 2012; Singh et al submitted), with 
some exceptions. We did not include some minor cardiovascular conditions because they 
contributed few DALYs in the NZBD. We did not include chronic kidney disease as a linked 
condition because the RRs used by GBD 2010 were not available at the time of our analyses. 
 
RRs per 10 mmHg higher systolic blood pressure were obtained from the GBD 2010 team (Singh 
et al submitted). 
 

High blood cholesterol 

Exposure 

Blood cholesterol exposure data were obtained from the 2008/09 Adult Nutrition Survey, with 
some adjustments to estimate exposure for 2006. A total of 3309 participants in the 2008/09 
Adult Nutrition Survey had valid blood cholesterol measurements. Details of the survey design 
and data collection methods are published elsewhere (University of Otago and Ministry of 
Health 2011b). 
 
Given that blood cholesterol levels have been declining in New Zealand over the last few 
decades, 2008/09 blood cholesterol levels were adjusted to estimate 2006 exposure by 
assuming a continuation of trends across three nutrition surveys: the 1989 Life in New Zealand 
Survey, the 1997 National Nutrition Survey, and the 2008/09 Adult Nutrition Survey. 
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Due to within-person variation in blood cholesterol, using a one-off measurement overestimates 
the SD of the usual population exposure distribution. Therefore, the SD was adjusted by 
multiplying it by a regression dilution factor derived from a study that included multiple 
measurements of blood cholesterol (Law et al 1994). 
 

TMRED 

The ranges for the TMRED mean (3.8–4.0 mmol/L) and SD (0.5–0.65 mmol/L) were obtained 
from GBD 2010 (Lim et al 2012; Singh et al submitted). 
 

Linked conditions and relative risks 

Linked conditions were identified from GBD 2010 (Lim et al 2012; Singh et al submitted). RRs 
per 1 mmol/L higher total cholesterol were obtained from the GBD 2010 team (Singh et al 
submitted). 
 

Blood glucose 

Exposure 

Blood glucose levels have not been measured in a population survey in New Zealand. However, 
blood glycated haemoglobin (HbA1c) levels in the 2008/09 Adult Nutrition Survey were used to 
estimate fasting plasma glucose levels based on methods developed for GBD 2010 (Danaei et al 
2011). Table 6 shows the coefficients of regression for estimating mean fasting plasma glucose 
from mean HbA1c. 
 

Table 6: Coefficients for estimating fasting plasma glucose from HbA1c 

Predictor Coefficient 

Constant 1.00 

Mean HbA1c 0.84 

Survey year Before 2005 0.0 
 2005 and after 0.034 

Age (in years) 0.0051 

Sex Male 0.0 
 Female -0.19 

 
Due to within-person variation in blood glucose levels, using a one-off measurement 
overestimates the SD of the usual population exposure distribution. Therefore, the SD was 
multiplied by a regression dilution ratio derived from a study that included multiple 
measurements of blood glucose (Asia Pacific Cohort Studies Collaboration 2004). 
 

TMRED 

The ranges for the TMRED mean (4.9–5.3 mmol/L) and SD (0.4–0.6 mmol/L) were obtained 
from GBD 2010 (Lim et al 2012; Singh et al submitted). 
 

Linked conditions and relative risks 

Linked conditions were identified from GBD 2010 (Lim et al 2012; Singh et al submitted). RRs 
per 1 mmol/L higher blood glucose were obtained from the GBD 2010 team (Singh et al 
submitted). 
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Osteoporosis 
Ideally the burden of osteoporosis would be estimated from data on the population distribution 
of bone mineral density (BMD) and the relative risks linking reduction in BMD to excess risk of 
fractures at different sites (ie, the conventional comparative risk assessment methodology, as 
used for other continuously distributed risk factors). However, data are lacking on both 
exposure and relative risks, so the conventional method cannot be used. 
 
Instead, we use a method modified from Kanis et al (2001). This approach works ‘backwards’, 
first identifying all fractures potentially related to osteoporosis, and then assigning osteoporotic 
proportions to each fracture type based on studies in which BMD was measured on all patients 
admitted to hospital with the respective fracture type. 
 

High sodium intake 

Exposure 

Dietary sodium exposure data (mean and SD) were obtained from the 24-hour recall component 
of the 2008/09 Adult Nutrition Survey. A description of the survey design and data collection 
methods are published elsewhere (University of Otago and Ministry of Health 2011b). 
 
The 24-hour recall did not collect information on discretionary salt use (ie, salt added at the 
table and during cooking) unless it was provided as part of a recipe. Discretionary salt use is 
estimated to account for about 15% of sodium intake (Scientific Advisory Committee on 
Nutrition 2003). Therefore, the estimate of sodium intake from the 24-hour recall was divided 
by 0.85 to estimate total sodium intake. Although exposure data were derived from a single 
24-hour recall, we did not adjust the SD for within-person variation because it was not possible 
to find an appropriate adjustment factor. 
 

TMRED 

The TMRED mean (1000 mg/day) and SD (100 mg/day) for sodium were obtained from GBD 
2010 (Lim et al 2012). For uncertainty analyses we estimated the range for the TMRED mean to 
be 500–1500 (SD 50–150) mg per day, with the low value based on previous comparative risk 
assessment studies (Danaei et al 2009; World Health Organization 2009) and the high value an 
equal distance from the midpoint. 
 

Linked conditions and relative risks 

Linked conditions were identified from other comparative risk assessment studies (Danaei et al 
2009; World Health Organization 2009). We did not include ‘other cardiovascular diseases’ as a 
linked condition because it did not contribute substantially to health loss in NZBD. 
 
RRs per 50 mmol/L (1150 mg/day) lower sodium intake were obtained from the following 
studies: stomach cancer (World Cancer Research Fund and American Institute for Cancer 
Research 2007); cardiovascular diseases (Strazzullo et al 2009). Age attenuation was applied to 
RRs in older age groups: for 55–64 years the excess risk was reduced by 12.5%; for 64–74 years 
the excess risk was reduced by 25%; and for 75+ years the excess risk was reduced by 50%. 
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High saturated fat intake 
In GBD 2010 the dietary fat risk factor is defined as low polyunsaturated fatty acid (PUFA) 
intake, with the TMRED based on substitution of saturated fatty acids (SAFA) with PUFA. In 
NZBD we have referred to this risk factor as high saturated fat intake. 
 

Exposure 

Dietary PUFA exposure data were sourced from the 2008/09 Adult Nutrition Survey. A 
description of the survey design and data collection methods are published elsewhere 
(University of Otago and Ministry of Health 2011b). Although exposure data were derived from a 
single 24-hour recall, we did not adjust the SD for within-person variation because the variation 
in macronutrient intake is relatively small and a suitable adjustment factor could not be 
identified. 
 

TMRED 

The TMRED mean (12% of total energy) and SD (1.2%) was obtained from GBD 2010 (Lim et al 
2012). For uncertainty analyses we estimated the range for the TMRED mean to be 10—14% 
(SD 1.0—1.4%), with the low based on other comparative risk assessment studies (Danaei et al 
2009; World Health Organization 2009) and the high an equal distance from the midpoint. 
 

Linked conditions and relative risks 

The one condition (ischaemic heart disease) linked to high saturated fat intake was identified 
from GBD 2010 (Lim et al 2012). RRs per 1% higher PUFA intake were obtained from another 
comparative risk assessment study (Danaei et al 2009). 
 

Low vegetable and fruit intake 
In GBD 2010 vegetables and fruit were treated as separate risk factors and new meta-analyses 
were undertaken to quantify the effect of exposure on linked conditions (Lim et al 2012). The 
new meta-analyses were not published when we undertook NZBD analyses, so we obtained RRs 
from other national or international comparative risk assessment studies (Danaei et al 2009; 
World Health Organization 2009). For consistency, we also sourced definitions and TMREDs 
from these studies. 
 

Exposure 

In the NZBD, vegetables and fruit were defined as all fresh, frozen, canned, cooked and dried 
vegetables and fruit, excluding mature legumes (lentils, dried peas and beans), potatoes and 
other starchy tubers (kumara, taro) and juices. 
 
Vegetable and fruit exposure data were obtained from the 2008/09 Adult Nutrition Survey. A 
description of the survey design and data collection methods are published elsewhere 
(University of Otago and Ministry of Health 2011b). 
 
Food items from the 24-hour recall were allocated to one of 29 food groups. Vegetable and 
fruit exposure data were extracted from two food groups: vegetables (excluding mature 
legumes) and fruit. The vegetable and fruit food groups included some mixed dishes with other 
ingredients, although these were present in small quantities. Data were not extracted from other 
food groups that included small amounts of vegetables and fruit. 
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Vegetable and fruit exposure data were extracted from a single 24-hour recall. To adjust for 
within-person variation, the SD was multiplied by a ratio derived from a study that used a 
seven-day diet diary to estimate usual vegetable and fruit intake (Michels et al 2005). 
 

TMRED 

The TMRED mean (600 g/day) and SD (50 g/day) for low vegetable and fruit intake were 
obtained from previous comparative risk assessment studies that included low vegetable and 
fruit intake as a risk factor (Danaei et al 2009; World Health Organization 2009). For 
uncertainty analyses we estimated the range for the TMRED mean to be 500–700 (SD 42–58) 
g/day, based on the range of intakes found in countries with the highest vegetable and fruit 
intake (Lock et al 2004). 
 

Linked conditions and relative risks 

Linked conditions were derived from other comparative risk assessment studies (Danaei et al 
2009; World Health Organization 2009). These studies were also used to identify sources of 
RRs. 
 
RRs per 80 g/day higher intake of vegetables and fruit were obtained from the following studies: 
ischaemic heart disease (Dauchet et al 2006); ischaemic stroke (Dauchet et al 2005); cancers of 
the lung, stomach, colon and rectum (Lock et al 2004); cancers of the mouth, oesophagus and 
pharynx (Boeing et al 2006). Age attenuation was applied to RRs in older age groups: for 
70–79 years the excess risk was reduced by 25%; for 80+ years excess risk was reduced by 50%. 
 

Body mass index 

Exposure 

Body mass index (BMI) data were sourced from the 2006/07 New Zealand Health Survey. 
Height and weight were measured by trained interviewers using standardised protocols. BMI 
was calculated by dividing weight in kilograms by height in metres squared. A description of the 
survey design and data collection methods is published elsewhere (Ministry of Health 2008b). 
Given there is very little within-person variability in BMI, it was not necessary to adjust SD for 
BMI for within-person variation. 
 

TMRED 

The TMRED mean (21–23 kg/m2) and SD (1.1–1.8 kg/m2) were obtained from GBD 2010 (Lim 
et al 2012; Singh et al submitted). 
 

Linked conditions and relative risks 

Linked conditions were identified from GBD 2010 (Lim et al 2012; Singh et al submitted), with 
some exceptions. We did not include some minor cardiovascular outcomes because they 
contributed relatively few DALYs in the NZBD. We did not include chronic kidney disease and 
low back pain because the RRs used by GBD 2010 were not available when we undertook our 
analyses. 
 
For cardiovascular disease and diabetes, RRs per 5 kg/m2 increase in BMI were obtained from 
an unpublished manuscript provided by the GBD 2010 team (Singh et al submitted). The GBD 
2010 team also provided RRs for osteoarthritis (E Carnahan, personal communication, 
21 November 2011) and indicated the source of RRs for cancers (Renehan et al 2008). 
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Low physical activity 

Exposure 

Physical activity was treated as a categorical rather than a continuous variable. The definition of 
physical activity (Table 7) is based on a US comparative risk assessment study (Danaei et al 
2009). 
 

Table 7: Physical activity exposure categories 

Level Descriptor Definition 

0 Inactive No moderate or vigorous physical activity 

1 Low active < 2.5 hours/week of moderate activity or < 600 MET-min/week 

2 Moderately active Either ≥ 2.5 hours/week moderate activity or ≥ 1 hour/week vigorous activity and 
≥ 600 MET-min/week 

3 Highly active ≥ 1 hour/week of vigorous activity and ≥ 1600 MET-min/week 

Note: MET = metabolic equivalent of task. 

 
Physical activity exposure data were sourced from the 2006/07 New Zealand Health Survey. A 
description of the survey design and data collection methods are published elsewhere (Ministry 
of Health 2008b). The New Zealand Health Survey uses the International Physical Activity 
Questionnaire (IPAQ) short form to collect data on self-reported physical activity over the last 
seven days for three physical activity intensity levels: walking, moderate activity, vigorous 
activity. For each intensity level participants were asked how many days in the last week they 
spent doing this activity and how much time they typically spent doing this activity on each of 
those days. The IPAQ scoring guidelines (IPAQ 2005) were used to convert data from 2006/07 
New Zealand Health Survey to MET-minutes, as follows: 
 

Walking MET-minutes/week = 3.3 x walking minutes x walking days 

Moderate MET-minutes/week = 4.0 x moderate-intensity activity minutes x moderate days 

Vigorous MET-minutes/week = 8.0 x vigorous-intensity activity minutes x vigorous days 

Total physical activity MET-minutes/week = sum of Walking + Moderate + Vigorous 
MET-minutes/week. 

 

TMRED 

The TMRED for physical activity (all individuals highly active – level 3) was obtained from a US 
comparative risk assessment study (Danaei et al 2009) and is consistent with GBD 2010 (Lim 
et al 2012). 
 

Linked conditions and relative risks 

Linked conditions and RRs for physical activity were identified from a US comparative risk 
assessment study (Danaei et al 2009). 
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Unsafe sex 
Exposure to unsafe sexual behaviours could not be estimated due to lack of data. Instead, 
attributable fractions were estimated directly for the following linked conditions based on a 
review of the literature (AIDS Epidemiology Group 2007; Beral et al 1994; Bhattacharya et al 
2009; Bouyer et al 2002, 2003; Ebrahim et al 2005; Hull et al 1985; Wilkes et al 2009). These 
attributable fractions were then applied to the total burdens of these conditions as estimated in 
the NZBD to provide estimates of the burden attributable to unsafe sex. 
 
The linked conditions and estimated aetiological fractions (in brackets) were: 

• cervical cancer (100%) 

• sexually transmitted infections, including pelvic inflammatory disease (100%) 

• ectopic pregnancy (20%) 

• infertility (10%) 

• HIV/AIDS (90%). 
 
We recognise that a proportion of hepatitis B and C is also sexually transmitted, but we were 
unable to find robust estimates of these proportions in the literature. Hepatitis was therefore 
not included. 
 

Adverse health care events 
In-hospital adverse events were included, along with serious community events (events 
occurring in the community or primary care settings and resulting in referral to hospital). 
 
The data source used to derive these estimates was a systematic sampling of inpatients admitted 
to 20 general hospitals in 1998, followed by standardised review of their medical records by an 
expert panel to identify adverse events and their outcome (fatal, permanent disability, fully 
recovered). The survey estimates were weighted to the 2006 New Zealand population, assuming 
stable adverse event rates since 1998. 
 
Identified adverse events were re-coded using the AusPSI classification and then grouped into 
the following categories: 

• infections 

• cardiovascular complications 

• procedural 

• therapeutic 

• medical management and pressure ulcers 

• falls 

• other. 
 
The distribution of the burden by type of adverse event is not considered robust, given small 
numbers in some categories in the survey sample. For the same reason, the distribution of the 
burden by demographic subgroup is not considered reliable. 
 
Although the availability of a very high-quality, nationally representative survey has enabled us 
to at least estimate the burden of serious adverse health care events at the national level, 
alternative sources of data (eg, based on sentinel event reporting) are now becoming available. 
This should provide more timely and detailed estimates in future, including burden estimates 
decomposed by the nature and setting of the event, and by population subgroup affected. 
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Adjusting for comorbidity and 
joint risk effects 

Comorbidity 
Independent comorbidity 
Unlike mortality, which has only a single underlying cause (by definition), individuals may 
experience more than one non-fatal health state at a time. A model is therefore needed to adjust 
for comorbidity – otherwise YLD will be overestimated relative to YLL. The model used in 
burden of disease assumes that the health impacts of multiple health states will be sub-additive. 
That is, the combined disability weight (DW) will be less than the sum of the separate DWs: 

DWc = 1 – π (1 – DWi) 

where DWc is the comorbidity-adjusted DW, DWi are the DWs of the separate health states, and 
π is the product operator. Note that this model assumes independence; ie, that health states (or 
diseases) do not ‘cluster’, but that co-occurrence depends solely on the product of their 
prevalences. 
 
In the absence of comprehensive individual disease5 status data (for all diseases for all 
individuals in a population), adjustments for comorbidity may be estimated by: 

• simulating disease data for a population 

• calculating a disease burden for each individual using the above equation 

• calculating a mean disability weight across all afflicted individuals for each particular disease 

• replacing the disability weight initially assigned to that disease with the corresponding 
comorbidity-adjusted disability weight. 

 
The comorbidity adjustment tends to be very small at younger ages but larger at older ages, 
because disease prevalence typically increases with age, so the prevalence of comorbid disease 
increases sharply in old age. This can be seen in Figure 2, which summarises the downward 
adjustment in YLD at each age resulting from comorbidity adjustment of DWs,6 summing across 
all conditions: in childhood, YLDs (actually DWs) are reduced by only 1–2%, rising to 3–4% in 
young adulthood, 5–10% in middle age, around 15% in the 65–74 years age group, and 25% or 
more in the 85+ years age group. 
 
Note that the downward adjustment at each age is relatively greater for Māori than non-Māori, 
reflecting the higher prevalence of (most) diseases among Māori. 
 

 

5 The calculations are actually done at the health state level, then aggregated to the disease or injury level. 
6 DWs at the health state level do not vary with age, but DWs at the condition level may do so because severity 

distribution may vary with age. 
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Figure 2: Adjustment for independent comorbidity 

 
 

Dependent comorbidity 
The model described above assumes that diseases (or health states) are independently 
distributed. In reality, however, diseases may ‘cluster’ because of common risk factors, or 
because one disease is itself a risk factor for other diseases. The model does not hold under such 
conditions, which is problematic because the extent of clustering (correlated distribution) in the 
NZBD data set is unknown. 
 
To quantify the bias introduced by correlated disease distributions, we used large population 
health surveys from New Zealand and from Canada to estimate dependent comorbidity for 
major chronic diseases. These served as a starting point for extensive computer simulations to 
estimate the effect of comorbidity on YLD estimates. 
 
Comorbidity estimates for the New Zealand and Canadian populations were generally 
consistent. Simulations using these estimates suggested that reductions in overall YLD for 
dependent comorbidity beyond that required for adjustment due to independent comorbidity 
were small, although they did increase slightly with age. 
 
At most, in older people, failure to adjust for dependent (as opposed to independent) 
comorbidity will lead to underestimation of the YLD comorbidity adjustment by no more than 
8%, according to our study. For example, we are adjusting the DWs among people aged 65–74 
downwards by approximately 15% on average; taking dependent as well as independent 
comorbidity into account would result in a total adjustment of approximately 16%. 
 
We conclude that YLD estimates adjusted for independent comorbidity will be sufficiently 
accurate that additional adjustments for dependent comorbidity are not required. 
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Joint risk exposures 
Just as with non-fatal health states, individuals may be exposed to more than one risk factor at 
the same time. As with comorbidity adjustment of diseases, failure to adjust risk factor 
population-attributable fractions (PAFs) for co-exposure will result in overestimation of linked 
attributable burdens. 
 
Assuming independence of risk exposures, an analogous model to that used for comorbidity 
adjustment can be used (again, the underlying assumption is sub-additivity of effects): 

PAFc = 1 – π (1 – PAFi) 

where PAFc is the joint PAF, PAFi are the PAFs of the separate risk factors with respect to the 
particular linked outcome, and π is the product operator. 
 
In reality, risk distributions may be clustered, reflecting common underlying determinants (eg, 
alcohol and tobacco use often occur together, more than expected by chance). Strictly speaking, 
the model no longer holds if the assumption of independence is violated. 
 
As with comorbidity, simulations have shown that the additional adjustment required to take 
account of risk factor clustering is relatively small, given the extent of correlated risk factor 
distributions seen in New Zealand and similar population surveys. Therefore, we adjusted only 
for joint effects based on independently distributed risk exposures, using the above model. 
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Projecting health loss 

Background 
A large number of different strategies can be used to generate projections about the future 
burden of disease for a population. These can range from complex dynamic models and 
demographic component models, to sets of scenarios embedding different assumptions about 
changes in existing trends within simple models. The choice among these methods in each case 
depends on the purpose for which the projections are to be done, the characteristics of the 
projection itself (eg, short-term versus long-term), and the data that are available on which to 
base the projections. 
 
Considering the projected estimates needed by the NZBD study and the availability of the data 
sources on which to base such projections, it was decided to use a relatively simple modelling 
approach: a combination of a regression-based approach and scenario analysis. 
 
The objective was to project YLLs, YLDs and DALYs to 2011 and 2016 from the 2006 base year. 
Projections, including estimates of their precision, were needed for 16 disease condition groups, 
by 19 age groups, sex (male, female), and two ethnicity (Māori/non-Māori) classifications. No 
attempt was made to project burdens of each of the 217 conditions separately. Instead, the 
assumption was made that all conditions within a condition group behave similarly (with 
respect to the projection of burden). 
 

Methods 
Projection of YLL 
Recall that: 

YLL = number of deaths x duration of lost life expectancy 

so we focused on projecting the number of deaths for 2011 and 2016. These projected death 
rates could then be applied to the population counts in 2011 and 2016 to obtain the YLL 
estimates (as the standard life table [YLL weights] is fixed). 
 
For the years from 2000 to 2009 the data for the following variables were available: 

• population count 

• death count 

• condition group (16 groups) 

• age group (19 age groups) 

• sex (male, female) 

• ethnicity (Māori, non-Māori). 
 
Preliminary analysis showed that data for the year 2000 death counts were highly variable 
compared to other years. This may have been a result of the transition between ICD-9 and 
ICD-10 cause of death coding in the year 2000. Therefore, year-2000 data were eliminated from 
further analysis. 
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Initial analysis also showed that: 

• cardiovascular death rates were declining more markedly than the death rates of other 
condition groups 

• cancer rate trends were not different from the trends in rates of the remaining condition 
groups (which did not differ significantly from each other). 

 
It was therefore decided to proceed to projections using just two condition groups: deaths from 
cardiovascular conditions and deaths from all other conditions combined. 
 
Data were aggregated into the two condition groups preparatory to generalised linear modelling. 
(This was to ensure that all cells were populated, which means that cells with 0 deaths were also 
included in the data set.) Ages were also aggregated into 10 life-cycle categories (0, 1–14, 15–24, 
25–44, 45–64, 65–69, 70–74, 75–79, 80–84, 85+ years), with more differentiation in the older 
age groups because most deaths occur in the older age groups. It should be noted that death rate 
estimates will also be least stable in these age groups since the populations at risk are smaller. 
 
It was decided to apply a regression model to obtain the predicted probability of death and then 
use these predicted probabilities of death to estimate the proportional changes of death across 
the years through 2001 to 2009. Since overall death counts were available for the year 2011, 
these provided a partial check on the model predictions. However, it should be noted that the 
projected populations used in the exercise had been based in part upon previous death rate 
projections, and that some bias might be present in the burden estimates as a result, to the 
extent that the death rates projected are inconsistent with those used in the demographic 
projections. 
 
In order to obtain the predicted probability of death, a logistic regression model was conducted 
by taking death (died, not-died) as the response variable and age (10 life-cycle age groups), sex 
(male, female), ethnicity (Māori, non-Māori ), condition group (cardiovascular, all other 
conditions) and year (2001 to 2009) as the explanatory variables. All two-way interactions with 
year (maintaining year as a continuous variable) and all three-way interactions of year and 
condition group were also included in the model. Because initial hypotheses included 
speculations about sex and ethnicity, interactions of these variables with year, and with category 
by year, were also included. 
 
Due to the very large amount of data included in this analysis, virtually all parameters in the 
model were statistically significant. The variation explained (R2) by these predictor variables 
was 0.95, which indicates that the model was a very good fit to the data. 
 
Because the models were linear in year, the proportional change in the predicted probability of 
death from one year to another (across cells defined by identical covariate categories of age, sex, 
ethnicity and condition group) is almost constant. The model was based on odds ratios rather 
than rate ratios, and hence there could be a slight difference in these proportions year by year. 
However, because the odds ratio and the rate ratio are almost identical at very low rates, the 
differences were ignored, and a single rate was generated as the mean of the proportional 
changes across the eight transitions from 2001 to 2009. 
 
For the purpose of calculating standard errors, a set of 500 alternative data sets were generated 
by simulation (sampling from the binomial distribution with the population as the trial 
parameter and the observed death rates as the probability parameter). The logistic regression 
model was re-solved for each data set, and 500 sets of predicted probabilities of deaths were 
generated. Finally, 500 sets of estimates of the rate change parameters (proportional changes) 
for each of the age-by-sex-by-ethnicity-by-condition group cells were generated. 
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Because the main goal here is to project the probability of death for 2011 and 2016, this can be 
calculated by applying the estimated rate changes (for the appropriate number of years, by 
raising this parameter to the power of the number of years to be projected ahead) to the death 
rates for 2006: Prob(Death)2006 calculated from the death counts and estimated populations. 
 
Therefore, probabilities of death for 2011 and 2016 can be calculated using: 

Prob(Death)2011 = Prob(Death)2006 x Prop5 

Prob(Death)2016 = Prob(Death)2006 x Prop10 

where Prop = a rate change parameter (proportional change). 
 
For 2011, a set of 500 death counts was generated by simulation (sampling from the binomial 
distribution, with the 2011 projected population as the trial parameter and Prob(Death)2011 as 
the probability parameter). The average of these 500 death counts was considered to be the 
projected number of deaths in 2011 (Death2011). The standard error of the projected number of 
deaths was estimated as the standard deviations of the 500 simulated death counts. 
 
Finally, the product of the projected number of deaths for 2011 and the average remaining life 
expectancy (LX) for each age group is used as the projected YLL for 2011: 

(YLL)2011 = (Death2011) x LX, and 

SE(YLL)2011 = SE(Death2011) x LX. 
 
The same approach was used to project YLL for 2016. 
 

Projection of YLD 
Recall that: 

YLD = P x DWc 

where P is the prevalence of each component health state and DWc is the comorbidity-adjusted 
disability weight (DW) of each component health state of a condition group. Therefore we 
focused on projecting the prevalence rates for 2011 and 2016 because the comorbidity-adjusted 
DWs have been calculated previously. These projected prevalence rates could then be applied to 
the adjusted DWs in 2011 and 2016 to obtain the final YLD estimates. 
 
Projected prevalence rates were estimated by applying the estimated growth rates for different 
condition groups and demographic strata (which is similar to the rate change parameter across 
the years from 2001 to 2009 used in the YLL projections). 
 
Prevalence growth rates for each of the 16 condition groups and each demographic stratum were 
estimated directly if empirical data on prevalence were available, going back at least five years. 
Alternatively, the prevalence growth rate was derived from the difference between the 
corresponding incidence and mortality growth rates. 
 
The mortality growth rates were those estimated above for YLL projection. Incidence growth 
rates were derived by a combination of literature review and expert panel judgement 
(comprising a panel of three public health physicians). A shift in severity distribution over time 
was also taken into account. This was based on expert judgement. 
 
Table 8 summarises the estimation process for the prevalence growth rates. 
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Table 8: Summary of prevalence growth rate estimation 

Condition 
group 

Incidence 
growth rate 

Mortality 
growth rate 

Prevalence 
growth rate 

Severity 
shift 

YLD growth 
rate 

Comment 

Infections +0.5 for 
65+ years 

0 for 
< 65years 

+1.5% < 65years: 
–1.5% 

65+years: 
–1.0% 

Nil < 65 years: 
–1.5% 

65+ years: 
–1% 

 

Infant 
conditions 

Zero –1.8% +1.8% Nil +1.8%  

Cancers –0.5% –1.4% +0.9% Nil +0.9%  

Endocrine +2.0% –0.9% +2.9% 0.9% to 
left 

+2.0% Based on diabetes and 
Ministry of Health 
projections. Assumed 
severity shift via improved 
care and reduction in 
microvascular 
complications 

Vascular –2.0% –4.0% +2.0% Nil +2.0% Based on balance of 
changes in mortality and 
incidence for stroke and 
coronary heart disease 

Mental Zero Zero Zero Nil Zero  

Neurological Zero Zero Zero Nil Zero  

Sense organs Zero Zero Zero Nil Zero An expected change in 
severity for age related 
macular degeneration 
ARMD with new therapy is 
difficult to estimate 

Respiratory Not utilised Not utilised –0.4% Nil –0.4% Based on prevalence data 

Gastrointestinal Not utilised Not utilised Zero Nil Zero Based on prevalence data 

Genito-urinary Not utilised Not utilised +0.3% Nil +0.3% Based on prevalence data 

Reproductive Zero Zero Zero Nil Zero  

Skin Not utilised Not utilised Zero Nil Zero Based on prevalence data 

Musculoskeletal   +0.2% Nil +0.2% See notes 

Oral Not utilised Not utilised –1.0% Nil –1.0% Based on prevalence data 

Injury 
(late effects) 

–0.5% +1.1% –1.6% Nil –1.6% See notes 

Note: This is a summary. A report giving full details for each condition group is available on request. 

 
The projected prevalence rates were then obtained by applying the respective prevalence growth 
rates for the appropriate number of years by raising this parameter to the power of the number 
of years to be projected ahead to the prevalence rates for 2006: (Prev)2006. 
 
Therefore, prevalence rates for 2011 and 2016 can be calculated as follows: 

(Prev)2011 = (Prev)2006 * (Prop)5 

(Prev)2016 = (Prev)2006 * (Prop)10 

where Prop = the growth rate of YLD across the years 2001 to 2009. 
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For 2011, a set of 500 prevalence figures was generated by simulation (sampling from the 
binomial distribution, with the 2011 projected population as the trial parameter and the 
(Prev)2011 as the probability parameter). The average of these 500 prevalence estimates was 
considered as the final projected prevalence in 2011. The standard error of the projected 
prevalence was estimated as the standard deviation of the 500 simulated prevalences. 
 
Finally, the product of the projected prevalence in 2011 and the corresponding comorbidity-
adjusted DW were used to estimate the projected YLD for 2011. The same approach was used to 
project the YLD for 2016. 
 

Projection of DALY 
Because DALY = YLL + YLD, the projected estimates of YLL and YLD for 2011 and 2016 were 
used to obtain the projected estimates of DALY2011 and DALY2016. 
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Measuring inequality 

Standardisation 
To compare DALY (or YLL, YLD) rates between ethnic groups, it is necessary to adjust for 
differences in age structure between the groups being compared. In this analysis, direct age 
standardisation was carried out using the World Health Organization (WHO) world population 
as the reference population (Table 9). 
 

Table 9: WHO world population weights 

Age group (years) Weighting 

0 0.018 

1–4 0.070 

5–9 0.087 

10–14 0.086 

15–19 0.085 

20–24 0.082 

25–29 0.079 

30–34 0.076 

35–39 0.072 

40–44 0.066 

45–49 0.060 

50–54 0.054 

55–59 0.046 

60–64 0.037 

65–69 0.030 

70–74 0.022 

75–79 0.015 

80–84 0.009 

85+ 0.006 

 
Age-standardised rates were calculated for deaths, YLLs, YLDs and DALYs using the following 
method. 

1. The first step was to adjust the population for each population subgroup by the WHO 
world population shares. This was done for eight population subgroups: males, females, 
Māori, non-Māori, Māori males, Māori females, non-Māori males and non-Māori females. 
This resulted in population-by-age estimates (for 19 age groups) for each population 
subgroup. 

2. The next step was to multiply each age-specific rate (death, YLL, YLD, DALY) with the 
adjusted populations, as calculated above, and sum the data. The result was then divided 
by the total population for that subgroup, giving an age-standardised rate for deaths, 
YLLs, YLDs and DALYs. 
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3. To estimate the standard errors for the age-standardised rates, standard errors for the 
age-specific rates were squared and the WHO world population shares were also squared. 
Each squared standard error was then multiplied by the squared WHO world population 
share and all the data were summed. Finally, the square root of this value was taken, 
which provided a standard error for the age-standardised rate. 

 

Inequality metrics 
To help answer comparative questions such as, ‘Do Māori experience a higher burden of disease 
and injury than non-Māori?’, two scales of measurement were used: absolute and relative. 
Inequalities on an absolute scale were estimated by the difference in age-standardised rates 
(ASR) for DALYs (or YLLs, YLDs) between the two groups (the standardised rate difference, or 
SRD): 

SRD = ASRMāori – ASRnon-Māori (units: DALYs or YLL or YLD per capita). 
 
Inequalities on a relative scale were estimated by the ratio of the age-standardised DALY (or 
YLL, YLD) rates (the standardised rate ratio, or SRR): 

SRR = ASRMāori / ASRnon-Māori (dimensionless). 
 
(Note that rate differences are additive, so the sum of the SRDs for different conditions [or 
condition groups] must equal the SRD from all conditions. This enables the contribution of 
different conditions to the [total] absolute ethnic inequality in health loss to be estimated.) 
 
The standard errors of the age-standardised rates were then used to estimate the standard 
errors for the SRRs and SRDs using the following formulae: 

 
 
Similar methods were used to estimate uncertainty around inequalities in projected and 
attributable burdens and health expectancies. 
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Quantifying uncertainty 
Quantification of uncertainty is based on measures of the distribution that describes the 
uncertainty. The most common measure of uncertainty is variance. It is important to 
distinguish between questions that focus on the stochastic variability of a well-supported 
statistical model, and exploratory consideration of the effects of different assumptions in the 
general absence of data. For example, in the calculation of YLD variability, it is useful to 
distinguish between the variability introduced by prevalence estimation (stochastic) from the 
variability introduced by a lack of knowledge about true disability weights (sensitivity). 
 
The procedures advocated here are simulation based and are therefore amenable to the 
calculation of variability estimates that can combine stochastic considerations with the results of 
what-if scenarios. Given the size of the data stores, there are practical justifications – though 
perhaps not theoretical ones – for asserting that no real differences would emerge if these 
estimates were to be recalculated using Bayesian techniques. 
 

Overview of uncertainty and sensitivity 
analysis 
Uncertainty analysis 
Uncertainty analysis here provides a measure of the precision of an estimate, with some 
measure of understanding of how much the true value of the parameter might reasonably differ 
from the estimate. Uncertainty analysis understood in this way is a data-based procedure and 
therefore within the province of statistical analysis. It assumes that the statistical (stochastic) 
model being used to describe the data is accurate, and places limits on the precision with which 
the parameters of the model can be estimated given the amount of data available. In general, the 
greater the number of data available, the more precisely the parameter can be estimated. 
 
Uncertainty analyses usually provide standard errors or confidence intervals around estimated 
parameters. Calculating confidence intervals on a mean is a simple example. In the most general 
case this relies on the central limit theorem, which allows the calculation of an estimate of the 
standard error from the sample standard deviation, and then an estimate of the confidence 
interval, assuming a normal distribution of the sampling distribution of the mean. 
 
Alternatively, standard error and confidence interval estimates can be derived by simulation; for 
example, by bootstrap resampling, or by Monte Carlo simulation, which relies on assumptions 
in the stochastic model believed to have generated the data. 
 

Sensitivity analysis 
Sensitivity analysis can be thought of as an attempt to answer the question, ‘How much 
variation in an outcome might be expected with specific amounts of variation in one of the 
parameters that determine the outcome?’ Sensitivity analysis requires a model of the process 
but does not require any assumptions about the distributional properties of the available data. 
Because the question being asked is related to plausible differences in parameters for which a 
distribution has not been specified by (the stochastic properties of) the model, having a greater 
amount of data is not helpful. 
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Sensitivity analysis results can be provided by statements such as, ‘If the input parameter were 
to change by amount x, then the output would change by amount y’. In more complex cases, 
multiple input parameters can be changed simultaneously (the combined set of which might be 
termed a scenario) and multiple outputs provided. 
 
More generally, a large number of different scenarios may be specified (eg, by assuming 
plausible distributions of the input parameters and drawing from these distributions using 
Monte Carlo simulation procedures). Often the focus is on determining which parameter 
variations are most important to outcome variation for a complex, likely non-linear, model. But 
a sensitivity analysis may also present quantities similar to standard errors and confidence 
intervals on output parameters. These are distinguished from the quantities in a sensitivity 
analysis only by the nature of the process by which the distribution of parameter estimates has 
been generated. 
 

Uncertainty and sensitivity analyses 
The two forms of analysis initially appeared quite distinct, but this distinctness has been made 
much less apparent. Thus an uncertainty analysis can be easily turned into a sensitivity analysis 
if the fixed (structural, non-stochastic) portions of the statistical model assumed to be true are 
now allowed to vary by the analyst (this is sometimes called model uncertainty); that is, the 
uncertainty generated by doubt that the model under which the parameter is estimated is in fact 
the correct model. In the case that the model is not the correct one, this uncertainty is 
sometimes called bias, especially if there is reason to believe, as a result of the model 
misspecification, that the distribution of the parameter under consideration is not centred on 
the true value of the parameter. 
 
So a data model that generates some parameters directly from data but relies on some 
parameters not derived from data can be combined in a single set of simulations. The variation 
in output parameters can be calculated and presented as an estimate of precision. If presented 
as intervals, these may best be termed credible intervals and the analysis might best be termed a 
sensitivity analysis, although it is sometimes also labelled an uncertainty analysis. 
 
This might be particularly true if some aspects of the parameter estimation from the data have a 
straightforward stochastic model associated with them, but other aspects do not. One example 
in burden of disease studies involves estimating death rates. To the extent that deaths by a given 
cause and populations are able to be estimated, an uncertainty analysis is readily available. 
However, the NZBD redistributes deaths from certain (implausible or inadequately specified) 
causes to other categories. Here we could ask what differences are observed in death rates under 
various different scenarios for redistributing these deaths. And though there is no need to do so, 
we might choose to combine estimates derived from this type of analysis with those derived 
from a stochastic model into a single credible interval around particular death rates. 
 
It should be immediately evident that such an interval should increase as the proportion of 
deaths being redistributed increases. Where jurisdictions differ in this respect, providing such a 
credible interval might be very useful, though in jurisdictions with good vital statistics 
registration systems the effect of redistribution on the credible interval might be very small 
compared to the effect of stochastic variation. In these cases it might be an advantage not to 
create a credible interval but rather to present uncertainty analysis and sensitivity analysis 
results separately. 
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Uncertainty and sensitivity in burden of 
disease studies 
Burden of disease studies are based on estimates of years of life lost (YLL) and years lived with 
disability (YLD). YLLs are based on death counts for numerators and population counts for 
denominators. Similarly, YLDs are based on case counts for numerators and population counts 
for denominators, and these denominator estimates are based on census procedures. While it is 
theoretically possible to include estimated standard errors for these quantities in the calculation 
of uncertainty surrounding YLLs and YLDs, this is not typically done when the census 
procedures are very well developed. 
 
All deaths are usually recorded, and hence the counts are generally considered to be accurate. As 
a result, both calculations and simulations can be conducted on the assumption that for each 
cell these counts are the result of binomial trials with a probability equal to the estimated death 
rate. 
 
On the basis of expert opinion, deaths without appropriate cause of death may be redistributed 
into categories thought to be more appropriate. The effect of these operations on uncertainty 
can be determined by conducting sensitivity analysis under differing redistribution schemes. To 
the extent that the proportion of deaths requiring such redistribution is small, the effect of 
different algorithms to accomplish it would be expected to be small. 
 
Death rates are also often estimated as multi-year averages and counts recalculated from these 
rates. To the extent that underlying assumptions of stability in death rates are realistic, this can 
improve YLL estimation as well as YLL uncertainty estimation (though the latter is generally 
less affected). 
 
Case counts for YLD calculation can also often be estimated from population-level 
administrative data, including disease registries. However, they can also be estimated from 
surveys that use samples to estimate case counts for populations, from the results of systematic 
reviews or meta-analyses of prevalences, or from estimates derived from the similarity to other 
diseases. (An example is to estimate prevalence by assuming a constant YLL:YLD ratio within a 
group of like diseases and calculating the unknown prevalences from the known YLLs and the 
assumed-to-be-constant ratio.) 
 

Analytic and simulation approaches to uncertainty 
estimation 
Uncertainty analysis provides a measure of precision for parameters derived from a distribution 
of multiple measurements, typically the standard error and/or confidence intervals. In general, 
reasonable confidence intervals can be calculated using standard error estimates. For example, a 
95% confidence interval is calculated as follows: point estimate ± 1.96 x standard error. (This is 
not true for variables with high (>.5) coefficients of variation (SE/estimate), where calculating a 
confidence interval in this way will typically create impossible values (eg, below zero for counts). 
 
Estimates of standard errors can generally be derived if there is a distribution of values from 
which an indicator is calculated (eg, an average), or when a reasonable statistical model for the 
generation of the parameter is assumed. Where a distribution must be assumed in the absence 
of evidence to support that choice, uncertainty analysis is often called sensitivity analysis. In 
these latter two cases, which characterise burden of disease studies for which raw data are not 
generally available, there are two methods for calculating standard errors from assumed 
distributions: 
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• analytic, which uses formulae derived from the assumed distributions 

• simulation, which generates alternative possible populations using the assumed 
distributions, and calculates standard errors as the variation of the indicators across these 
alternative populations. 

 
An analytic approach to estimating standard errors has the advantage of rapid calculation 
(though some assumptions will be needed to calculate the variability of ratios of random 
variables that are not needed in a simulation approach). 
 
An example of a relevant analytic formula is standard error of a rate: 

N
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where p is the probability of being a case, N is population size, and p is itself C/N, where C is the 
number of cases. This is relevant for both mortality and prevalence rates. 
 

Simulation-based procedures 
A simulation approach requires the generation of a set (or sets) of replicates of a random 
variable (or variables), the derivation of required indicators for each replicate, and the 
calculation of an empirical estimate of the standard error of these quantities as the standard 
deviation of the indicator estimates across the replicates in the set. This is generally easier to 
conceptualise, but takes longer for a computer to calculate, than a formula. In situations where 
one or more of the parameters in a complex indicator is given plausible distributions, especially 
if these involve covariance with other random variables, a simulation approach might also allow 
one to avoid complex (and error-prone) formulae for standard errors. 
 
Furthermore, the estimates diverge slightly from those provided analytically, though the 
divergence is minimised to the extent that the simulations involve large samples. Thus, an 
important question faced by simulation approaches is the number of replicates required to 
approximate analytic solutions sufficiently well for the purposes at hand. 
 
Finally, as previously discussed, a simulation approach has the advantage that it can easily be 
used to combine the results of uncertainty analyses with the results of sensitivity analyses (on 
parameters for which distributional assumptions are empirically unavailable) to create credible 
interval estimates. An example might make this easier to see. 
 
The calculation of YLD requires the use of disability weights (DWs). In the ideal situation these 
weights might be knowable; their estimation is likely to be subject to some variability. At the 
same time, however, the procedures by which they are estimated do not give a model of that 
variability. Therefore, in order to determine how critical values (such as YLDs) might vary if the 
DWs have been imprecisely estimated, a sensitivity analysis might be conducted. This could be 
done by simulating many sets of alternative DWs under some ‘reasonable’ distributional 
assumptions, recalculating the pivotal quantities, and calculating the variability of these 
quantities under the DW distributional assumptions. Combining these varying DWs with 
prevalences varying by simulation could provide a ‘combined’ estimate of the limits between 
which it is credible that the YLDs might vary that takes into account stochastic uncertainty in 
establishing true prevalence and our reasoned uncertainty about the DWs. 
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Uncertainty estimation in the NZBD 
Simulation has been chosen as the method to generate standard error (SE) estimates for most 
burden of disease quantities for the current project. This allowed the possibility of combining 
traditional statistical estimates of uncertainty with those that were derived from sensitivity 
analysis. 
 
For prevalence estimates based on the results of surveys, a survey weight was available by age, 
sex and ethnicity groupings. An effective sample size on which the prevalence estimate was 
based was derived using a measure called the design effect, which was calculated by taking into 
account the complex structure of the survey design. The simulation process generated the 
counts from a binomial distribution in which the number of trials was considered as the 
population size multiplied by the ratio of the effective sample to the population, and inflating 
the resulting count by dividing it by that ratio. 
 
The majority of survey-based estimates were derived from the latest New Zealand Health 
Survey, and the effective sample sizes were available. In recognition that this strategy was 
clearly a convenient marriage of uncertainty and sensitivity analysis, it was decided to apply 
these effective sample sizes to all estimates derived from survey data. 
 
A quick analysis was conducted on the YLD rate for the 217 disease by 19 age group by two sex 
by two ethnicity database to determine the accuracy of the simulation-based SEs across 1000 
replicates relative to the SEs calculated using the estimated prevalences as parameters in the 
formulae. For the 12,034 rates estimated to be above 1/100,000 (of 16,492 possible such rates), 
the proportion deviation was calculated and the empirical distribution is shown below 
(correlations with rate levels were negligible). This strongly suggests that 1000 replicates will 
give reasonable estimates of uncertainty relative to calculated ones, especially as the most 
interesting SEs in burden of disease studies are small relative to the estimated rates themselves 
(ie, have small coefficients of variation). In general, especially for large samples, a simulation 
approach converges to the analytic estimates quite quickly as the number of simulated 
populations increases (Figure 3). 
 

Figure 3: Test of number of replicates required to estimate SE for YLD 
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Accordingly, 1000 simulations were carried out in this way (using SAS) for all basic and complex 
quantities, and the SEs were then calculated. Basic quantities included mortality, YLL, 
prevalence, YLD and DALYs. Complex quantities included SRR and SRD. Note that for each 
alternative classification a new set of simulations have to be run. 
 

Risk factors 
Similar simulation methods were used to calculate SEs for risk factor PAFs and attributable 
DALYs – at least for those risk factors that are continuously distributed. For categorical risk 
factors and others for which standard CRA methods could not be used, SEs have not been 
estimated. Sensitivity analysis could be applied to provide some quantification of uncertainty 
around the point estimates of attributable burden for these risk factors, but this has not yet been 
done. 
 

Health expectancy 
A standard formula-based approach was used to estimate SEs around the health expectancy 
estimates and projections, as set out in the European Health Expectancy Monitoring Unit 
manual (Robine et al 2007). This incorporates uncertainty in the YLD estimates but not 
uncertainty in the mortality rates, as the latter is a very minor source of uncertainty compared to 
YLD. 
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Managing data and reporting 
output 
This section describes data management for the NZBD. It documents the data sources, data 
flows, data organisation, quality control, data storage, data sharing, statistical database, and 
statistical annex/pivot tables. 
 

Data sources 
Data were extracted from a wide range of data sources. Table 10 details the epidemiological data 
that constitute the inputs used in the NZBD. Although extensive, some epidemiological 
parameters (incidence, mortality, remission and survival) are not available for some causes. In 
these cases, a modelling tool, DISMOD, is used to fill the gap. DISMOD can also be used to force 
internal consistency between parameters. 
 

Table 10: Data sources for the NZBD 

Data Source 

Population estimates New Zealand Health Tracker* population (derived from primary health organisation 
enrolment data); Statistics New Zealand: 2006 Census, series 5 projections for 2011 
and 2016 

Deaths New Zealand Mortality Collection: average for 2005–2007, projections for 2011 and 
2016 

YLL weights Reference life table from GBD 2010 

YLD: incidence / 
prevalence 

National Minimum Dataset (NMDS) – publicly funded hospital discharges  
New Zealand Health Tracker* 
Population-based surveys: 2004 Mental Health Survey (Te Rau Hinengaro), 2006/07 
New Zealand Health Survey, and 2008/09 New Zealand Adult Nutrition Survey 
Disease registers: New Zealand Cancer Registry, New Zealand Birth Defects Registry, 
Public Health Surveillance Databases, the Australia and New Zealand Dialysis and 
Transplant Registry 
New Zealand and international research studies 

YLD: duration / severity New Zealand Health Tracker* 
New Zealand and international research studies 

Disability weights GBD 2010, NZBD expert panel 

Risk factor exposure Population-based surveys: 2004 Mental Health Survey (Te Rau Hinengaro), 2006/07 
New Zealand Health Survey, 2008/09 New Zealand Adult Nutrition Survey, 2006 
Census (smoking), alcohol consumption surveys, research studies 

Theoretical minimum risk 
exposure distribution 
(TMRED) 

GBD 2010, other burden of disease studies  

Relative risks GBD 2010, other burden of disease studies, meta-analyses of randomised controlled 
trials or prospective cohort studies 

* New Zealand Health Tracker = anonymously linked Ministry of Health administrative data sets. 
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Information flow 
Information flow describes how data are pulled from various data sources to inform the basic 
descriptive epidemiology, and how the descriptive epidemiology is then used to estimate and 
project burden (Figure 4). Note that, with the exception of the initial estimation of 
non-comorbidity-adjusted YLDs, all steps are carried out in SAS. Final output is exported to 
Excel for ease of use by end users. 
 

Figure 4: NZBD information inflow and outflow model 

 
 

Mortality Collection 
Mortality data were extracted from the Ministry of Health’s Mortality Collection using SAS. The 
Mortality Collection classifies the underlying cause of death for all deaths registered in New 
Zealand, including all registered fetal deaths (stillbirths), using the ICD-10-AM 6th edition and 
the WHO’s Rules and Guidelines for Mortality Coding. Variables extracted for each death 
included: year of death registration (2005–2007 calendar years), date of birth, sex, ethnicity, 
domicile, and coded underlying cause of death. Deaths of non-residents were excluded. 
 
Three years’ annualised average mortality counts were used instead of the 2006 mortality data 
to minimise the impact of the annual fluctuation in the number of deaths for any specific cause. 
 

Garbage code redistribution 
‘Garbage codes’ refers to a small proportion of deaths that have been coded to problematic 
underlying causes of death. The purpose and algorithms for the redistribution of these causes of 
death have been explained in the section ‘Quantifying the fatal burden of disease’. The 
redistribution was carried out in SAS with macro processing. When a death record was 
identified as a garbage code, it was redistributed into the appropriate cause of death categories 
in the same age-gender-ethnicity cell the record falls into. 
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YLL estimates 
Each death was individually weighted according to its exact age at death using the full version of 
the standard life table (precision of four days) provided by GBD 2010. This step was carried out 
in SAS. 
 

YLD estimates 
The initial estimation was done in Excel due to the variety of data sources (many of which are in 
Excel format already) and methods employed. Unique DWs for each sequela were obtained from 
GBD 2010, except for a small subset which was derived from judgement of an expert panel (see 
the section ‘Estimating YLD: health state valuation’). 
 
Once epidemiological data had been extracted or modelled for all 217 conditions by age (19 age 
groups, each aggregated in a five-year band), sex (male and female) and ethnicity (Māori and 
non-Māori), and the relevant DWs applied, the non-comorbidity-adjusted YLD estimates were 
exported to SAS for comorbidity adjustment. 
 

Comorbidity adjustment 
Comorbidity adjustment is an adjustment to the YLDs to reflect the co-occurrence of two or 
more non-fatal outcomes in the same individual (without this correction YLDs would be 
overestimated). The adjustment model we used assumes that comorbidities exist independently; 
that is, disease co-occurrence depends solely on the product of their prevalences (see the section 
‘Adjusting for comorbidity and joint risk effects’). 
 

NZBD statistical database 
The NZBD database is a summary file with the best estimate of death counts, YLLs, 
comorbidity-adjusted disability weights, YLDs and DALYs for 217 diseases for New Zealand in 
2006. These estimates are provided for 76 subpopulations, and population estimates for these 
subgroups are also included. The database is maintained in both SAS and Excel formats. 
 

Uncertainty and projections 
The NZBD database in SAS was used for uncertainty quantification and projections. 
 
Uncertainty quantification was based on simulations run in SAS, and produces standard errors 
for each epidemiological parameter, realised by the simulation of the number of deaths and the 
number of cases from alternative possible populations using the assumed distributions 
(1000 replicates). Detailed uncertainty analysis methodology is explained in the section 
‘Quantifying uncertainty’. 
 
Projections of YLLs, YLDs and DALYs from 2006 to 2011 and 2016 were carried out using a 
combination of a generalised linear model and other methods. SEs around the projections were 
again based on simulation (500 replicates). 
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Statistical Annexe 
YLLs, YLDs and DALYs (estimates and projections, with their SEs) from the NZBD statistical 
database were exported to Excel and built into pivot tables (the Statistical Annexe). Age-
standardised rates and inequality metrics were also added to the Annex. Attributable burdens of 
risk factors were added as a further pivot table. 
 

Excel workbooks 
There are 17 ‘DALY workbooks’ in total: one per condition group and two workbooks for injury, 
as we modelled burden of injury by nature of injury (N perspective) and external causes of 
injury (E perspective). Each of the workbooks comprises several spread sheets, containing 
estimates of deaths, YLL, DW, YLD and DALYs, both counts and age-specific and age-
standardised rates for any given condition, by age (19 age groups, each aggregated in a five-year 
band), sex (male and female) and ethnicity (Māori and non-Māori). 
 
For some conditions with multiple health states or severity levels, ‘working’ sheets are added to 
help with the burden estimation. These may contain DISMOD output, where relevant. Spread 
sheets are internally linked by formulae to eliminate translating errors and to enable automatic 
update/change. The workbooks were used solely to estimate non-comorbidity-adjusted YLDs. 
 
For each workbook there is a complementary methodology log (a Word document) setting out 
details of epidemiological data sources, condition schematics, assumptions and modelling 
methods. 
 

Reporting standards 
Population estimates and projections (denominators) 
One source of population estimates used in NZBD were estimated resident population by age, 
sex and ethnicity, as at 30 June 2006, provided by Statistics New Zealand. The population 
denominator used for Health Tracker is the other source. This source is different from the 
standard population described above in that it only included resident New Zealanders who have 
been in contact with health services, and therefore is slightly smaller than the Statistics New 
Zealand estimates (approximately 99%). Nevertheless, consistency between the two sets of 
population denominators was considered sufficient to use both without adjustment. 
 
Projected populations for 2011 and 2016 by age and sex and ethnicity are provided by Statistics 
New Zealand. The Series 5 projection was based on 2006 population estimates as at 30 June 
2006, assuming medium fertility, medium mortality and medium migration. 
 

Numbers and percentages 
Death, YLL, YLD and DALY counts in the text of reports are reported to the nearest 100 or 1000 
to make it easier to read. Percentages are reported in whole numbers for the same reason. 
Precise numbers are provided in tables, and full results (including standard errors) are available 
in the Statistical Annexe. 
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Differences between ethnic groups 
Differences between ethnic groups can be measured on an absolute or a relative scale. Both 
measures should be used when examining health inequalities because they provide different 
information. Leading causes of absolute inequality tell us where we need to focus on reducing 
overall inequality, whereas leading causes of relative inequality tell us where we need to focus to 
reduce unfairness. 
 
In NZBD, absolute inequality is measured using the standardised rate difference (SRD). 
Relative inequality is measured using the standardised rate ratio (SRR). 
 
To calculate a SRD or SRR, DALY (or YLL, YLD) rates must be age standardised to adjust for 
differences in age structure between the ethnic groups being compared. In NZBD, direct age 
standardisation was carried out using the WHO world population as the reference population. 
For more detail on age standardisation, see the section ‘Measuring inequality’. 
 

Data quality assurance 
Envelope checking 
To ensure that the garbage code redistribution process did not ‘lose’ or ‘create’ any deaths, the 
total number of deaths was checked at the condition group and total level by each age-by-sex-
by-ethnicity stratum. 
 

Peer review 
Health and Disability Intelligence has a data quality assurance protocol that all data extraction 
and outputs have to be checked internally (by Health and Disability Intelligence statisticians). 
For each condition group, one or more expert clinical advisors kindly provided support, advice 
and peer review at different stages of the process (eg, deciding on the conditions to be included 
in each condition group and their ICD codes; finalising condition schematics for each condition; 
identifying best data sources; in some cases assisting with selection of best matching DW from 
GBD list; and reviewing epidemiological estimates for plausibility). A project advisory group 
provided overall guidance, and more than a dozen peer reviewers reviewed the reports. 
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Special methods for injury 

Definition and classification of injury 
An injury is the physical damage caused by intolerable levels of energy (as defined by WHO). 
The energy causing an injury can be mechanical, radiant, thermal, electrical or chemical. An 
injury is classified by both the external cause of the injury (the E-code; eg, transportation 
accident) and the anatomical or clinical nature of the injury (the N-code; eg, traumatic brain 
injury). The classifications of injury are listed in Appendix 1. 
 

Injury models and data sources 
Figure 5 shows the model and data sources used to estimate different components of injury 
burden in New Zealand in 2006. 
 

Figure 5: Data sources for injury in the NZBD 

 
 
A data-matching exercise between the National Minimum Dataset (NMDS) and ACC data was 
undertaken to avoid duplications between the two data sets. The long-term effects of injury were 
estimated from hospitalised injuries only; the short-term effects of injury were estimated based 
on both the ACC and hospitalisation data sets. 
 

Fatal injuries 
Fatal injuries were extracted from the national mortality collection using the following criteria: 

• inclusion: injury was the cause of the death (coded as an E-code), and the death was 
registered between January 2005 and December 2007 (an average of YLL for the three years 
is used as the fatal injuries in 2006) 

• exclusion: deaths that are coded as ‘W75’ (accidental suffocation and strangulation in bed) 
and age less than 1 year, are excluded – these deaths are considered as SUDI (sudden 
unexplained death in infants) and are included in the main NZBD report. 
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Hospitalised injuries 
Hospitalised injuries were extracted from the NMDS using the following criteria: 

• inclusion: inpatients (including emergency department inpatients) discharged alive, between 
Jan 2006 to Dec 2006; principal diagnosis (‘diag01’) was coded: S00–T99; with and without 
an external cause 

• exclusion: alcohol-related hospitalisation events (eg, poisoning). 
 

Non-hospitalised injuries 
Non-hospitalised injuries were extracted from ACC claim data, using the following criteria: 

• inclusion: claims lodged from January to December 2006 

• exclusion: events recorded in the NMDS; late effects of injury; injury diagnoses that are likely 
to be hospitalised (eg, spinal cord injury, open fracture and amputation); alcohol-related 
effects; treatment injury; pain, symptom-based Read codes, musculoskeletal disorders and 
occupational disease. 

 

Data cleaning 
Redistribution of dump codes 
Missing codes, unclassifiable codes (eg, activity codes and place codes) and codes that cannot be 
determined by other available information are classified as ‘dump codes’. Proportional random 
redistribution is used to redistribute dump codes. The method is based on the following 
approaches: 

• only redistribute to unintentional injury 

• analyse distribution patterns based on the injury cases with clearly defined E-codes or 
N-codes, by stratification (eg, age, gender, N-code group or E-code group) 

• apply the patterns to the cases with dump codes to estimate the numbers of specialised 
E-codes or N-codes in each stratum 

• randomly assign the specialised codes to replace the dump code in the number of cases 
estimated. 

 

E-code by n-code cross-tabulation 
Data was extracted from both an E-code (external cause) and a N-code (nature of injury) 
perspective.  On cross-tabulation of the total DALY count from each perspective, there was 
found to be a small degree of variance.   In order to align the two datasets, an adjustment factor 
was applied to the E-code perspective data.  All analyses were undertaken using this adjusted 
dataset, with the exception of the risk factor analyses which used the original E-code perspective 
dataset. 
 

Mortality data 
Diagnoses for each death were extracted from the mortality data set provided by the Ministry of 
Health. The first five diagnoses for each death were used for determining the cause of the death 
from the nature of injury perspective. These codes are not in order in terms of clinical relevance 
to the death. 
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According to the nature of the injury, prognosis and clinical knowledge of injury conditions, the 
following priority order is used to determine a simplified single cause of death: 

1. traumatic brain injury (TBI) 

2. spinal cord injury 

3. drowning 

4. burn injury 

5. poisoning 

6. internal injury 

7. hip fracture 

8. crush injury 

9. skull fracture 

10. maxillofacial fracture 

11. spinal fracture 

12. rib and sternum fracture 

13. pelvis fracture 

14. open wound. 
 
For example, if any of the first five diagnoses for a death are TBI, then the simplified single 
cause of the death is determined as TBI, and so on down the list. Among a total 5128 injury 
deaths between 2005 and 2006, the N-codes of 3417 deaths were determined by the above 
method. 
 
For the remaining 1711 deaths, the details of each death were manually checked by the Injury 
Project Team. The cause of death (N-code) was determined using the available information on 
the external cause of the injury and clinical nature of the injury condition. For example, if a 
death was caused by transportation accident (E-code), and N-codes were recorded as 
‘unspecified head injury’, ‘superficial injury’, ‘forearm fracture’, the cause of the death is 
considered as TBI. N-codes of 980 deaths were determined by this method. 
 
Causes of the remaining 191 deaths could not be determined and so proportional random 
redistribution was used to classify these cases as follows. The patterns of N-codes by E-code 
group in the 4397 deaths (3417 + 980) were analysed. The patterns were then applied to the 
remaining 191 deaths by the method of proportional random redistribution (ie, by examining 
the N – E age-by-sex-by-ethnicity pattern for the 3417 deaths with both codes). 
 

Hospitalised injury data 

Multiple admissions 

One person can have more than one injury in the study period, and an injury event can lead to 
more than one hospital admission. The following rule, based on principal diagnosis (PD) and 
interval between two admissions, was used to distinguish injury events from hospitalisation 
events (Figure 6). 
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Figure 6: Process used to distinguish injury events from hospitalisation events 

 
 

Traumatic brain injury (TBI) 

In addition to those TBI coded as principal diagnosis (PD), cases meeting all of the following 
criteria are also classified as TBI: 

• PD is a skull fracture or maxillofacial fracture 

• the second or third diagnosis is TBI 

• the same injury date for the diagnoses. 
 

Spinal code injury (SCI) 

In addition to those SCI coded as principal diagnosis (PD), cases meeting all of the following 
criteria are also classified as SCI: 

• PD is a spinal fracture 

• the second or third diagnosis is SCI 

• the same injury date for the diagnoses. 
 

Replacement of the first E-code coded as dump codes 

The following rules were applied. 

• If the first E-code is a dump code, and the second E-code is not a dump code, then replace the 
dump code with the second E-code. 

• If both the first and second E-codes are dump codes, and the third E-code is not a dump 
code, then replace the dump code with the third E-code. 

• If all three E-codes are dump codes, E-code for the injury will be replaced by proportional 
random redistribution. 

 

ACC claim data 

Converting Readcodes to N-code groups 

A standard look-up table was used to convert Readcodes to N-codes. For example: dog bite 
(Readcode TE60) to open wound (N1301); cat bite (Readcode TE630), rat bite (Readcode TE61) 
to superficial injury (N1501). 
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Converting ACC injury cause codes to E-code groups 

Again a standard look-up table was used for this. For example: ‘collision/knocked over by object’ 
to ‘mechanical force’ (E06); ‘slipping, skidding on foot’ to ‘falls’ (injury E02). 
 

Identifying E-code group from Readcodes 

For example, if an injury is diagnosed as toxic effects caused by a spider bite (Readcode SM952), 
then it was coded to E08 (animal-related injury). Claims covered under ‘motor vehicle accident’ 
are coded as E01 (transport-related accident). 
 

Injury duration 
Durations for the short-term effects of most injuries were available from GBD 2010. For a small 
number of injuries, however, no corresponding GBD injury could be found. Durations for the 
short-term effects of these injuries were assigned by an expert clinical panel, based on the 
assumption that the duration is similar to the period of clinical management of the acute phase 
of the injury (Table 11). 
 

Table 11: Duration of short-term effects of injury group (Injury Expert Panel) 

Injury group Duration of short-term effects (week) 

N0501 Peripheral nerve injury 2–3 

N0701 Shoulder soft tissue injury 1 

N0702 Knee soft tissue injury < 1 

N0703 Ankle soft tissue injury < 1 

N0799 Other soft tissue injury < 1 

N1501 Superficial injury < 1 

N17991 Other head and neck injury 2–3 

N17992 Thorax abdominal and trunk injury 1–2 

N17993 Shoulder, hip, knee, ankle, wrist injury 1 

N17994 Other limb injury 1 

N17995 Other fracture 5–6 

N17996 Foreign body 1–2 

N17997 Injury caused by other physical factors 
(temperature, air or water pressure, radiation and electricity) 

2–3 

N17998 Others 1–2 

 

Estimation of the burden of the long-term sequelae of an 
injury 
Some injuries are associated with long-term sequelae. The prevalence of long-term sequelae was 
estimated by modelling using DISMOD. Input to the modelling included incident rate, 
remission rate and mortality rate in the New Zealand population or relative risk of extra death 
(Table 12). 
 
Incident rate was calculated from hospitalised injury events only. Non-hospitalised injury events 
are not used in the estimate of long-term sequelae because the injuries are less serious in 
general. E-code distribution of the prevalence from DISMOD is estimated by using the E-code 
distribution patterns of hospitalised injury incidence. 
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Table 12: Injuries with long-term effects 

Diagnostic group Description Percentage 
of cases who 
experience 
long-term 

effects 

Remission 
(annual 

proportion)* 

Mortality 
(rate 

ratio)** 

Notes 

Skull fracture Disfigurement, mental 
health issues 

15% 0.01 1.1  

Maxillofacial 
fracture 

Facial deformity, functional 
problems 

15% 0.01 1.1 Note: double vision 
and other visual 
impairment and 
blindness are likely to 
be with maxillofacial 
fracture. but are not 
included as long-term 
sequelae at this stage. 

Femoral fracture Functional impairments, 
pain and depression 

10% 0 1.5  

Traumatic brain 
injury 

Cognitive/motor deficit, 
psychiatric disorder, 
possible life-long disability 

23% 0.01 2.5 Based on severity (mild 
80%, moderate 15%, 
severe 5%) of non-fatal 
hospitalised patients; 
and percentage of long-
term sequelae (10% of 
mild, 67% of moderate 
and 100% of severe 
traumatic brain injury 
cases), and reports. 

Spinal cord injury Persisting functional 
impairment, acute and 
chronic pain, pulmonary 
complication and 
depression 

100% 0.01 3  

Peripheral nerve 
injury 

Neuropathic pain, 
hyperalgesia, functional 
and sensory impairment 

20% 0.01 1.05  

Eye injury Blindness, low vision 10% 0.01 1.25  

Burn injury  28% 0.05 1.2  

Burn injury < 20% Pain, functional limitations, 
disfigurement/scalds, 
psychological disorders, 
tetanus 

10% 0 1.01  

Burn injury 20–60% As above 100% 0 1.1  

Burn injury > 60% As above 100% 0 1.1  

Poisoning Neuropsychological 
sequelae 

5% 0.01 2  

Drowning and 
immersion injury 

Neurological sequelae: 
hypoxic or anoxic brain 
injury, vegetative state, 
pulmonary damage and 
pneumonia, cardiovascular 
instability, renal failure, 
anxiety 

15% 0.01 2  

Amputated thumb 40% function of the hand, 
pain, functional and 
sensory impairment 

100% 0 1.05  

Amputated finger Pain, functional and 
sensory impairment 

100% 0 1.02  
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Diagnostic group Description Percentage 
of cases who 
experience 
long-term 

effects 

Remission 
(annual 

proportion)* 

Mortality 
(rate 

ratio)** 

Notes 

Amputated arm Phantom limb pain, 
functional and sensory 
impairment, post-traumatic 
stress disorder 

100% 0 1.1  

Amputated leg 
(above knee) 

Phantom limb pain, 
functional and sensory 
impairment, post-traumatic 
stress disorder 

100% 0 1.2  

Amputated foot 
(below knee) 

Phantom limb pain, 
functional and sensory 
impairment, post-traumatic 
stress disorder 

100% 0 1.1  

Amputated toe Pain, functional and 
sensory impairment 

100% 0 1.05  

* Remission = Proportion of cases that enter remission every year. 
** Mortality risk ratio = Increased risk of death associated with the long-term effects of injury, presented as a risk 

ratio. 

 

Adjustments of disability weights and durations for 
non-hospitalised injuries 
Non-hospitalised injuries are considered to be less serious and of shorter injury duration than 
hospitalised injuries. Based on expert advice, an adjustment factor of 0.7 is applied to both the 
disability weight and injury duration of non-hospitalised injury. As a result, YLD estimated from 
non-hospitalised injury is about half (0.7 x 0.7 = 0.49) the YLD from hospitalised injury of the 
same injury diagnosis. 
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Future challenges 

Extending the NZBD 
Although the NZBD attempts to be comprehensive, not all specific conditions meeting the 
inclusion criteria have been included in the current iteration due to data limitations. Improving 
the comprehensiveness of conditions, sequelae (health states) and risk factors will be important. 
 
The current NZBD is restricted to the national level (ie, there are no regional analyses) and only 
uses Māori and non-Māori ethnic groups. Extension to the subnational level will better inform 
regional planning. Similarly, extending analysis to the Pacific and Asian ethnic groups, and 
deprivation quintiles (or other measure of socioeconomic position), is desirable but challenging 
in terms of data. 
 

Improving data feeder systems 
This first iteration of the NZBD has revealed some data deficiencies, especially for non-fatal 
conditions such as musculoskeletal disorders, reproductive disorders, dementia, vision loss, 
hearing loss, skin disorders (including non-melanoma skin cancers), some gastrointestinal 
disorders and some infections. 
 
For many of these conditions, better data will only come through improvements in the recording 
of diagnoses in primary care and in the automated extraction of such data from the relevant 
primary care databases. Increasing the availability of test results, as opposed to test requests, 
from laboratory data warehouses would also help. 
 
Although this study has highlighted some data deficiencies, it has also shown that New Zealand 
is relatively well off in terms of health information, making it possible to carry out a relatively 
robust burden of disease study. Overall, about 75% of the data going into the DALY estimates 
are considered to be highly robust, including all the YLL data and about half the epidemiological 
and health state valuation data going in to the YLD estimates. 
 

Deriving New Zealand-specific health state 
valuations 
One limitation of our current burden of disease study is its reliance on overseas studies for the 
health state valuations or disability weights. While there is some evidence that such valuations 
do not vary substantially across national or ethnic populations (Salomon et al 2012), it would 
probably enhance perceived credibility to have valuations derived from our own population. 
Also, some (approximately 10%) of the GBD 2010 disability weights appear low and inconsistent 
with valuations of related health states (in the view of the NZBD team and its expert advisors). 
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Improving international benchmarking of 
burden estimates 
Comparability between GBD 2010 and the NZBD is limited at the present time. This is because, 
given the two-year delay in the availability of GBD 2010 data, condition classifications could not 
be fully aligned (leading to differences in case definitions, condition schematics and disability 
weights). Also, methods and data sources for modelling epidemiological data (eg, prevalence, 
incidence, severity distribution) generally differ. 
 
In future it will be important to align NZBD frameworks, definitions, methods and standards 
more closely to the GBD. This will allow New Zealand levels, patterns and trends in burden 
estimates to be compared with those of peer group countries, thereby opening up scope for 
international benchmarking. Such normative comparison may help to identify conditions where 
New Zealand is peforming less well than our peer group countries, indicating services or policies 
that could benefit from detailed review. 
 
The similarities and differences between NZBD and GBD 2010 are outlined in Box 1. 
 

Box 1: NZBD and GBD 2010 

• The NZBD and GBD have similar, but not identical, lists of conditions and sequelae, 
and case definitions sometimes differ. 

• The NZBD and GBD use different data sources for most epidemiological inputs – 
incidence, prevalence, severity distribution, case fatality, remission, and risk factor 
exposure. 

• The GBD did not use New Zealand-specific data other than mortality and some risk 
factor exposure data, but modelled burden in New Zealand largely on Australian data. 

• Health state valuations (disability weights) are largely similar across the two studies, 
but sometimes differ, either because no equivalent health state exists in the GBD list, or 
the GBD disability weight was considered implausible for the New Zealand context by 
the NZBD team and its expert advisors. 

• Theoretical minimum risk factor exposure distributions and relative risks are largely 
similar across the two studies, although NZBD included fewer risk factors overall and 
some different risk factors (eg, adverse health care events, unsafe sex, diseases-as-
risks). 

• The periods of observation do not coincide exactly (2010 for the GBD and 2006 for the 
NZBD), although backcasts (GBD) and forecasts (NZBD) are available. 
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Glossary and abbreviations 
Absolute inequality: Inequality measured on an absolute scale (see Standardised rate difference). 

Age standardisation: The statistical adjustment of rates to allow groups with differing age 
structures to be fairly compared. Age standardisation was performed by the direct method using the 
World Health Organization (WHO) world population age distribution. 

Alternative classification: A method of grouping conditions that differs from the standard 
classification. 

Attributable burden: The proportion of the total burden of a condition causally related to 
exposure to a risk factor. 

AusPSI: The Australian Patient Safety Indictor (AusPSI) classification, which was developed by the 
Government of Victoria, Australia, to measure health care safety using readily available hospital 
inpatient administrative data. 

Burden (of disease or injury): Health loss, measured in DALYs (see Disability-adjusted life 
year). 

Case fatality ratio: The proportion of cases with fatal outcome in a specified period. 

Comorbidity: Co-occurrence of two or more conditions in the same individual. 

Condition: Disease or injury. 

Condition group: A cluster of related diseases or injuries. 

Disability: In NZBD, any non-fatal health loss, including symptoms, dysphoric affective states, 
impairments and functional limitations. 

Disability-adjusted life year (DALY): The sum of fatal and non-fatal health losses (see Year-
equivalents lost to disability and Years of life lost); a health gap measure in which one DALY 
represents the loss of one year of life in full health. 

Disability weight (DW): See Health state valuation. 

DISMOD: A public domain software program that allows the descriptive epidemiology of a 
condition to be estimated. 

Fatal burden: Health loss due to premature mortality; measured in YLL (see Years of life lost). 

Functional limitation: A limitation in physical or psychological functioning (see Disability). 

Health expectancy: Generalisation of life expectancy to include time lived in different health 
states. If health states are measured using YLD, then the term ‘health-adjusted life expectancy’ may 
be used synonymously with health expectancy. 

Health loss: Burden, measured in DALYs (see Disability-adjusted life year). 

Health state: Sequela (see Sequela) or severity level of a condition. 

Health state valuation (disability weight): An estimate of the severity of a health state, 
measured on a 0–1 scale, where 0 represents no health loss and 1 represents complete health loss 
(death). 

Incidence: Occurrence of an event (eg, new cases of a disease or injury occurring in a specified time 
interval). 
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Joint risk effect: The burden attributable to two or more risks to which an individual is 
simultaneously exposed. 

Life expectancy: A statistic derived from a life table, indicating how long individuals with certain 
characteristics (eg, age and sex) are expected to survive on average. 

Life table: An actuarial model summarising the survival of a real or synthetic population. 

Non-fatal burden: Health loss from disability (see Disability), measured in YLD (see Year-
equivalents lost to disability). 

Population-attributable fraction: The proportion of the total burden of a condition estimated to 
be causally related to the exposure of a population to a risk factor. 

Prevalence: The number of people in a particular health state, or with a particular condition, at a 
point in time. 

Relative inequality: Inequality measured on a relative scale (see Standardised rate ratio). 

Relative risk (RR): The ratio of the probability of an event occurring in an exposed group versus a 
non-exposed group. For example, the ratio of the probability of developing cancer in smokers versus 
non-smokers. 

Remission: Recovery; transition to a less severe health state. 

Risk cluster: A group of related risk factors. 

Risk factor: Any entity that increases the probability or incidence of a condition. 

Robustness: The qualitative assessment of the reliability of an estimate or projection. 

Sequela: A complication of a condition; a stage or phase of a condition; the level of severity of a 
condition; health state. 

Severity distribution: The spread of cases of a condition or sequela across levels of severity. 

Standard classification: The classification of conditions and condition groups used in the NZBD, 
based on the ICD (WHO International Classification of Diseases). 

Standardised rate difference (SRD): The difference between rates (eg, of two ethnic groups), 
standardised for age; used as a measure of absolute inequality. 

Standardised rate ratio (SRR): The ratio of two rates (eg, of two ethnic groups), standardised 
for age; used as measure of relative inequality. 

Theoretical minimum risk exposure distribution (TMRED): The prevalence of a risk factor 
that would confer minimal risk of the outcome on a population. 

Uncertainty: The degree of confidence in the precision of an estimate. In the NZBD this is 
generally measured as the standard error or the 95% confidence interval. 

Year-equivalents lost to disability (YLD): Non-fatal health loss, measured as year-equivalents 
of full health lost because of time lived in states of health less than full health; sometimes described 
as ‘years lived with disability’. 

Years of life lost (YLL): Fatal health loss, measured by weighting each death according to the age 
at which it occurred; in the NZBD the weights are derived from a standard life table (the GBD 
standard life table). 
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Abbreviations 
AusPSI Australian Patient Safety Indicator 

COPD chronic obstructive lung disease 

DALY disability-adjusted life-year 

DW disability weight 

GBD Global Burden of Disease 

HE health expectancy 

ICD International Classification of Diseases 

LE life expectancy 

NZBD New Zealand Burden of Diseases, Injuries and Risk Factors Study 

SRD standardised rate difference 

SRR standardised rate ratio 

SUDI sudden unexpected death in infancy 

TMRED theoretical minimum risk exposure distribution 

WHO World Health Organization 

YLD year-equivalents lost to disability (or years lived with disability) 

YLL years of life lost 
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Appendix 1: 
NZBD conditions, health states and DWs 
The following table shows the conditions included in the NZBD, along with their ICD-10 AM (6th edition) and NZBD codes. The table also shows an average 
‘effective DW’ for each condition (these are averaged over age-by-sex-by-ethnicity groups), and the set of component health states included under each 
condition, along with their DWs (which do not vary by age, sex or ethnicity). Severity distributions (ie, the proportion of cases of the condition falling into 
each of its constituent health states) are not shown because these can be quite complex; please see the relevant condition group workbook and methodology 
log for severity distribution analyses. 
 

Table A1: NZBD conditions, health states and disability weights 

NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

A Infections     

A01 HIV/AIDS B20–B24 0.195 Asymptomatic but diagnosed HIV 
Symptomatic HIV 
AIDS – terminal phase 

0.054 
0.221 
0.547 

A02 STI A54–A56, A63–A64, N70–N73 0.067 Asymptomatic but diagnosed 
Acute case 
PID 
Tubo-ovarian abscess 
Chronic pelvic pain 

0.001 
0.053 
0.123 
0.326 
0.123 

A03 Gastro-intestinal 
infections 

A00–A09 0.162 Mild/moderate diarrhoea 
Severe diarrhoea 
Guillain-Barre – acute phase 
Guillain-Barre – chronic phase 
Reactive arthropathy 

0.090 
0.281 
0.076 
0.012 
0.210 

A04 Tuberculosis A15–A19, B90 0.331 Case 0.331 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

A05 Central nervous 
system infections 

A39, A83–A87, A89, B00.3–B00.4, B01.0–B01.1, 
B02.0–B02.1, G00, G03–G04, G09, B91.1 

0.303 Meningitis/encephalitis – acute 
Minor/moderate neurological deficit 
Severe neurological deficit 

0.657 
0.140 
0.425 

A06 Hepatitis (viral) B15–B19 (A, B and C modelled separately, then 
summed) 

0.078 Uncomplicated HAV 
Complicated HAV 
Acute hepatitis B or C – hospitalised 
Chronic hepatitis B or C 
Chronic hepatitis B or C – compensated liver disease 
Chronic hepatitis B or C – decompensated liver disease 

0.053 
0.326 
0.326 
0.054 
0.124 
0.194 

A07 Urinary tract 
infections 

N30.0, N34, N39.0, N10 0.019 Community case 
Hospital case 

0.012 
0.326 

A08 Lower respiratory 
tract infections 

J12–J16, J18, J20–J22, J85–J86 0.158 Acute bronchitis/bronchiolitis 
Pneumonia 
Empyema/abscess 

0.132 
0.331 
0.331 

A09 Influenza J10–J11 0.133 Community case 
Hospital case 

0.132 
0.150 

A10 Otitis media H65–H66, H67 0.074 Acute OM 
Chronic OME (mild hearing loss) 

0.180 
0.005 

A11 Upper respiratory 
tract infections 

J00–J06, J36, J39.0–J39.1 0.025 Acute nasopharyngitis 
Acute sinusitis 
Tonsillitis/laryngitis 

0.013 
0.040 
0.053 

A12 Bone and joint 
infections 

H70.2, K10.2, M00, M46.2–M46.3, M46.5, M86 0.071 Septic arthritis – acute phase 
Septic arthritis – recovery phase 
Osteomyelitis – acute phase 
Osteomyelitis – post acute phase 
Osteomyelitis – recovery phase 

0.293 
0.023 
0.293 
0.079 
0.023 

A13 Cellulitis and other 
skin infections 

A46, H00.0, H60.0–H60.1, J34.0, L00–L04, L08, L30.3, 
B08.1, B08.4, B86 

0.210 Case – hospitalised 0.210 

A14 Necrotising fasciitis M60.0, M65.0–M65.1, M71.0–M71.1, M72.5–M72.6 0.140 Case – acute 
Amputation (limb) 

0.333 
0.130 

A15 Childhood 
immunisable 
diseases 

A37, B05 0.169 Pertussis – acute episode 
Encephalopathy 

0.210 
0.348 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

A16 Septicaemia A40–A41 0.657 Case 0.657 

A17 Varicella-zoster B01.2, B01.8, B01.9, B02.2–B02.9 0.081 Acute varicella 
Varicella with pneumonia 
Herpes zoster (uncomplicated) 
Post-herpetic neuralgia 

0.100 
0.331 
0.061 
0.035 

A18 Other infections A20–A28, A30–A32, A33–A36, A38, A42–A44, A48, 
A49, A50–A53, A57–A60, A65–A71, A74–A75, 
A77–A79, A80–A82, A88 A90–A96, A98–A99, 
B00.0–B00.2, B00.5–B00.9, B03–B04, B06–B07, B08.0, 
B08.2–3, B08.5–8, B09, B25–B27, B30, B33, B34, 
B35–B83, B85, B87–B89, B91–B92, B94, B99, G02, 
G05, G06, G07, H05.0, H10, H60.3, H70.0, H70.1, 
H70.8, H70.9, N30.8, N41.0–N41.2, N43.1, N45, N48.2 

0.169 Case 0.169 

B Infant conditions 
and birth defects 

    

B01 Pre-term birth 
complications 

P07, P22, P25, P26, P27, P28, P77 0.114 Acute phase (respiratory distress) 
Long-term lung function loss 
Neurodevelopmental deficit – mild 
Neurodevelopmental deficit – moderate 
Neurodevelopmental deficit – severe 

0.132 
0.092 
0.054 
0.221 
0.425 

B02 Small for 
gestational age 

P05 0.140 Mild/moderate 
Severe 

0.076 
0.372 

B03 Neonatal 
encephalopathy 

P21 0.226 Mild 
Moderate 
Severe 

0.054 
0.221 
0.425 

B04 Cerebral palsy G80 0.084 Mild/ moderate 
Severe 

0.076 
0.372 

B05 Neonatal sepsis P35, P36, P37, P38, A50 0.225 Acute phase 
Neurodevelopmental deficit – mild 
Neurodevelopmental deficit – moderate 
Neurodevelopmental deficit – severe 

0.657 
0.054 
0.221 
0.425 

B06 Stillbirths 
(intrapartum) 

P9,5 Z37.1, Z37.3, Z37.4, Z37.7 – – – 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

B07 Sudden 
unexplained death 
in infants SUDI 

R95, R99, W75 – – – 

B08 Other specific 
disorders of infancy 

P00, P01, P02, P03, P04 (not P04.3), P08, P10, P11, 
P12, P13, P14, P15, P20, P23, P24, P29, P39, P50, 
P51, P52, P53, P54, P55, P56, P57, P58, P59, P60, 
P61, P70, P71, P72, P74, P75, P76, P78, P80, P81, 
P83, P90, P91, P92, P93, P94, P95, P96 

0.108 Case 0.108 

B09 Congenital 
malformations of 
the brain 

Q03 0.445 Moderate intellectual disability 
Cerebral palsy 
Epilepsy 

0.221 
0.221 
0.195 

B10 Neural tube defects Q00, Q05 0.410 Low-level spina bifida 
Medium-level spina bifida 
High-level spina bifida 

0.012 
0.076 
0.377 

B11 Congenital 
cardiovascular 
defects 

Q20, Q21, Q22, Q23, Q24, Q25, Q26, Q27, Q28 0.079 Atrial septal defect/ ventricular septal defect: acute phase 
Atrial septal defect/ ventricular septal defect: post-treatment phase 
Fallot/transposition: acute phase 
Fallot/transposition: post-treatment phase 
Pulmonary stenosis 
Complex non-curable heart defect 
Other defects 

0.383 
0.037 
0.383 
0.192 
0.109 
0.383 
0.109 

B12 Cleft lip and palate Q35, Q36, Q37 0.019 Cleft lip: acute phase 
Cleft lip: long-term phase 
Cleft palate: acute phase 
Cleft palate: long-term phase 

0.054 
0.013 
0.127 
0.013 

B13 Abdominal wall 
defects 

Q79.2, Q79.3 0.111 Acute phase 
Long term: gastrointestinal symptoms 
Long term: small bowel obstruction 

0.326 
0.061 
0.211 

B14 Skull and head 
malformations 

Q67.4 0.072 Case 0.072 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

B15 Gastrointestinal 
malformations 

Q38, Q39, Q40, Q41, Q42, Q43, Q44, Q45 0.129 Oesophageal atresia: acute phase 
Oesophageal atresia: long-term phase 
Anorectal atresia: acute phase 
Anorectal atresia: long-term phase 
Other GI: acute phase 

0.326 
0.012 
0.326 
0.142 
0.326 

B16 Urinary 
malformations 

Q62 0.012 Obstructive defects 0.012 

B17 Fetal alcohol 
spectrum disorder 

Q86.0, P04.3 0.176 Case (severe only) 0.176 

B18 Down’s syndrome Q90 0.361 < 10 years old 
10–40 years old 
> 40 years old 

0.370 
0.243 
0.471 

B19 Other chromosomal 
disorders 

Q91, Q92, Q93, Q95, Q96, Q97, Q98, Q99 0.160 Case 0.160 

B20 Other birth defects Q01, Q02, Q04, Q06, Q07, Q10, Q11, Q12, Q13, Q14, 
Q15, Q16, Q17, Q18, Q30, Q31, Q32, Q33, Q34, Q50, 
Q51, Q52, Q53, Q54, Q55, Q56, Q63, Q64, Q65, Q66, 
Q67 (excluding Q67.4), Q68, Q69, Q70, Q71, Q72, Q73, 
Q74, Q75, Q76, Q77, Q78, Q79.0, Q79.1, Q79.4, Q79.5, 
Q79.6, Q79.8, Q79.9, Q80, Q81, Q82, Q83, Q84, Q85, 
Q86 (excluding Q86.0), Q87, Q89 E03.0, E03.1 

0.177 Case 0.177 

C Cancers and other 
neoplasms 

    

C01 Head and neck 
cancer 

C00–C14, C30–C32 0.302 Induction phase 
Remission phase 
Progression phase 
Terminal phase 
Sequela (speaking difficulty, disfigurement) 

0.413 
0.273 
0.587 
0.508 
0.054 

C02 Oesophagus 
cancer 

C15 0.332 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.413 
0.273 
0.587 
0.508 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

C03 Stomach cancer C16 0.323 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.391 
0.280 
0.476 
0.508 

C04 Colon cancer C18 0.216 Induction phase 
Remission phase 
Progression phase 
Terminal phase 
Sequela (stoma) 

0.317 
0.184 
0.541 
0.508 
0.086 

C05 Rectum cancer C19–C20 0.216 Induction phase 
Remission phase 
Progression phase 
Terminal phase 
Sequela (stoma) 

0.317 
0.184 
0.541 
0.508 
0.086 

C06 Liver cancer C22 0.211 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.317 
0.147 
0.476 
0.508 

C07 Gallbladder cancer C23–C24 0.210 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.317 
0.147 
0.476 
0.508 

C08 Pancreas cancer C25 0.216 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.317 
0.147 
0.476 
0.508 

C09 Lung cancer C33–C34 0.378 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.516 
0.346 
0.541 
0.508 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

C10 Melanoma C43 0.143 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.162 
0.140 
0.528 
0.508 

C11 Non-melanoma 
skin cancer 

C44 0.19 Simple 
Medium complexity 
Complex 

0.05 
0.07 

0.450 

C12 Breast (female) 
cancer 

C50 0.218 Induction phase 
Remission phase 
Progression phase 
Terminal phase 
Sequela (mastectomy) 

0.214 
0.192 
0.515 
0.508 
0.038 

C13 Cervix cancer C53 0.168 Induction phase 
Remission phase 
Progression phase 
Terminal phase 
Sequela (< 40 years) (infertility) 

0.317 
0.147 
0.489 
0.508 
0.020 

C14 Endometrium 
cancer 

C54–C55 0.171 Induction phase 
Remission phase 
Progression phase 
Terminal phase 
Sequela (< 40 years) (infertility) 

0.317 
0.147 
0.489 
0.508 
0.020 

C15 Ovary cancer C56 0.176 Induction phase 
Remission phase 
Progression phase 
Terminal phase 
Sequela (< 40 years) (infertility) 

0.317 
0.147 
0.489 
0.508 
0.020 

C16 Prostate cancer C61 0.224 Induction phase 
Remission phase 
Progression phase 
Terminal phase 
Sequela (impotence, incontinence) 

0.199 
0.147 
0.417 
0.508 
0.161 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

C17 Testis cancer C62 0.138 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.199 
0.133 
0.417 
0.508 

C18 Bladder cancer C67 0.160 Induction phase 
Remission phase 
Progression phase 
Terminal phase 
Sequela (incontinence) 

0.199 
0.133 
0.417 
0.508 
0.154 

C19 Kidney cancer C64–C66, C68.0–C68.8 0.160 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.199 
0.133 
0.417 
0.508 

C20 Brain cancer C70–C72 0.196 Induction phase 
Remission phase 
Progression phase 
Terminal phase 
Sequela (neuro deficit) 

0.501 
0.133 
0.489 
0.508 
0.221 

C21 Thyroid cancer C73 0.139 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.199 
0.133 
0.417 
0.508 

C22 Non-Hodgkin’s 
lymphoma 

C82–C85 0.179 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.486 
0.140 
0.489 
0.508 

C23 Hodgkin’s 
lymphoma 

C81 0.170 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.486 
0.140 
0.489 
0.508 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

C24 Leukaemia (15+) C91–C95 0.178 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.405 
0.140 
0.489 
0.508 

C25 Myeloma C88, C90 0.163 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.140 
0.140 
0.489 
0.508 

C26 Child Acute 
lymphoblastic 
leukaemia (<15) 

C91.0 0.199 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.486 
0.147 
0.489 
0.508 

C27 Other child cancer 
(< 15) 

C00–C25, C26.1, C30–C34, C37–C38, C40–C56, 
C57.0–C57.8, C58, C60, C61–C62, C63.0–C63.8, 
C64–C67, C68.0–C68.8, C69–C75, C81–C85, C88, C90, 
C91.1–C91.9, C92–C97 

0.204 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.486 
0.147 
0.489 
0.508 

C28 Other adult cancer C17, C21, C26.1, C37–C38, C40–C42, C45–C49, 
C51–C52, C57.0–C57.8, C58, C60, C63.0–C63.8, C69, 
C74–C75, C96–C97 

0.203 Case 0.20 

C29 Brain benign 
tumours 

D32–D33, D42–D43 0.214 Induction phase 
Remission phase 
Progression phase 
Terminal phase 

0.501 
0.133 
0.489 
0.508 

C30 Other benign 
tumours 

D00–D24, D26–D31, D34, D35.0–D35.1, D35.3–D35.9, 
D36–D41, D44, D48 

0.054 Case 0.05 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

D Diabetes and 
other endocrine 
disorders 

    

D01 Diabetes E10, E11–E13, E14 (also separated into types I and II) 0.104 Uncomplicated 
Neuropathy – mild 
Neuropathy – moderate 
Neuropathy – severe 
Nephropathy – mild 
Nephropathy – moderate 
Nephropathy – severe 
Retinopathy – mild 
Retinopathy – moderate 
Retinopathy – severe 

0.054 
0.069 
0.099 
0.164 
0.069 
0.105 
0.331 
0.069 
0.089 
0.225 

D02 Thyroid disorders E02, E03.2–.9, E06.3, E05 (hyper- and hypothyroidism 
modelled separately) 

0.037 Hypothyroidism 
Thyrotoxicosis – acute phase 

0.035 
0.156 

D03 Hypothalamic – 
pituitary axis 
disorders 

D35.2, E22–E24, E26 0.035 Case 0.035 

D04 Parathyroid 
disorders 

E20–21 0.035 Case 0.035 

D05 Adrenocortical 
disorders 

E27.1, E27.2, E27.4 0.035 Case 0.035 

D06 Other endocrine 
disorders 

E00, E01, E04, E06.0–.2, E06.4–6.9, E07, E15–E16, 
E25, E27.0, E27.3, E27.5–E27.9, E30, E31–E32, 
E34–E35, E40–E46, E50–E56, E58–E61, E63–E65, 
E67–E68, E70–E83, E85, E88.0–E88.8, E89, D86.8 

0.047 Case 0.047 

E Vascular and 
blood disorders  

    

E01 Coronary disease I20–I25 0.081 Myocardial infarction 
Unstable angina 
Stable angina – hospital case 
Stable angina – community case 
Heart failure 

0.082 
0.082 
0.076 
0.066 
0.109 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

E02 Rheumatic heart 
disease 

I00, I01, I02, I05, I06, I07, I09 0.084 Acute rheumatic fever 
Valvular heart disease 
Heart failure 

0.167 
0.070 
0.109 

E03 Non-rheumatic 
valvular disease 

I34–I37 0.083 Case (without heart failure) 
Heart failure 

0.070 
0.109 

E04 Hypertensive heart 
disease 

I11, I13.0, I13.2, I13.9 0.101 Case (without heart failure) 
Heart failure 

0.054 
0.109 

E05 Atrial 
fibrillation/flutter 

I48 0.048 Case 0.048 

E06 Inflammatory heart 
disease 

I30, I31.0–I31.1, I31.8–I31.9, I32, I33, I38–I39* I40–I41* 0.023 Acute event 
Heart failure 

0.082 
0.109 

E07 Cardiomyopathy I42–I43* 0.075 Case (without heart failure) 
Heart failure 

0.054 
0.109 

E08 Aortic aneurysm I71 0.054 Acute event (if non-fatal) 0.326 

E09  Peripheral vascular 
disease 

I70.2, I72, I73.9, I74 0.020 Mild claudication 
Moderate claudication 
Severe (limb amputation) 

0.016 
0.055 
0.164 

E10 Stroke G45–G46, I60–I69 (also separated into ischaemic and 
haemorrhagic types) 

0.226 Acute event 
Partially recovered 
Dependent 
Institutionalised 

0.082 
0.172 
0.312 
0.567 

E11 Pulmonary arterial 
disease 

I27 0.109 Case 0.126 

E12 Pulmonary 
embolism / deep 
vein thrombosis 

I26, I80.1–I80.2 0.059 Case 0.059 

E13 Other 
cardiovascular 
disorders 

I16–19, I27.1, I28, I31.2–31.3, I44–45, I47, I49.1–49.9, 
I51, I52*, I73.0–73.8, I77–79, I80.0, I80.3–I80.9, I81, I82, 
I83–I84, I86–I98, I99 

0.070 Case 0.070 

(E00) Heart failure I50 (redistributed) 0.109 Overall (weighted sum) 
Severe (5%) 
Moderate (35%) 
Mild (60%) 

0.109 
0.383 
0.186 
0.076 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

E14 Iron deficiency 
anaemia 

D50 0.011 Non-anaemic iron deficiency 
Mild anaemia 
Moderate anaemia 

0.005 
0.005 
0.058 

E15 Haemolytic 
anaemias 

D55–D58 0.060 Mild anaemia 
Moderate anaemia 
Severe anaemia 

0.005 
0.058 
0.164 

E16 Haemophilia D66–D67 0.075 Mild 
Moderate 
Severe 

0.001 
0.031 
0.171 

E17 Polycythaemia 
rubra vera 

D45 0.041 Case 0.041 

E18 Myelodysplastic 
disorders 

D46 0.058 Case 0.058 

E19 Aplastic anaemia D60–D61 0.164 Case 0.164 

E20 Other blood 
disorders 

D51–53, D59, D62–D64, D68, D69, D70–D76, D80–D84, 
D89 

0.031 Case 0.049 

F Mental disorders     

F01 Anxiety and 
depressive 
disorders 

F32, F33, F34.1, F40, F41, F42, F43, F53.0 0.171 Anxiety disorder mild 
Anxiety disorder moderate 
Anxiety disorder severe 
Depressive disorder mild/dysthymia 
Depressive disorder moderate 
Depressive disorder severe 
Common mental disorder (weighted average) 

0.030 
0.149 
0.523 
0.159 
0.406 
0.655 
0.171 

F02 Bipolar disorders F30, F31, F34.0 0.250 Manic phase 
Residual phase 
Weighted 

0.480 
0.035 
0.250 

F03 Alcohol use 
disorders 

F10, X45 0.392 Mild 
Moderate 
Severe 

0.259 
0.388 
0.549 

F04 Drug use disorders F11, F12, F13, F14, F15, F16, F18, F19 0.330 Case (taken as cannabis dependence) 0.330 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

F05 Schizophrenia F20, F21, F22, F23, F24, F25, F28, F29, F53.1 0.430 Acute state 
Residual state 
Weighted 

0.756 
0.406 
0.430 

F06 Eating disorder F50.0, F50.1, F50.2, F50.3 0.223 Case (no distinction between bulimia and anorexia, no severity distribution) 0.223 

F07 Autism spectrum 
disorders (child) 

F84 0.222 Asperger’s syndrome 
Autism 

0.110 
0.259 

F08 Attention deficit 
hyperactivity 
disorder (child) 

F90 0.110 Case (severe only) 0.110 

F09 Adult personality 
disorder 

F60, F61, F62 0.290 Case (severe only) 0.290 

F10 Conduct disorder 
(child) 

F91, F92 0.236 Case (severe only) 0.236 

F11 Other mental 
disorder 

F07, F09, F17, F34.8, F34.9, F38, F39, F44, F45, F48, 
F50.4, F50.5, F50.8, F50.9, F51.1, F51.2, F51.3, F51.4, 
F51.5, F51.8, F51.9, F52, F53.8, F53.9, F55, F63, F64, 
F65, F66, F68, F69, F80, F81, F82, F83, F88, F89, F93, 
F94, F95, F98, F99 

0.245 Case 0.245 

G Neurological 
conditions 

    

G01 Epilepsy G40–G41 0.153 Uncontrolled (recent seizures) 
Controlled (seizure-free) 

0.319 
0.072 

G02 Dementia F00, G30, F01, F03, G31 0.215 Mild 
Moderate 
Severe 

0.082 
0.346 
0.438 

G03 Parkinson’s 
disease 

G20 0.120 Mild 
Moderate 
Severe 

0.011 
0.263 
0.549 

G04 Multiple sclerosis G35 0.507 Progressive 
Relapsing/remitting 

0.707 
0.384 

G05 Motor neuron 
disease  

G12.2 0.707 Case 0.707 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

G06 Muscular dystrophy G70–G73 0.151 Early phase 
Late phase 

0.076 
0.377 

G07 Migraine G43 0.036 Acute episode 
Quiescent phase 

0.433 
0.015 

G08 Intellectual 
impairment 

F70–F73, F78–F79 0.209 Mild 
Moderate 
Severe 

0.080 
0.240 
0.348 

G09 Primary insomnia F51.0, G47.0 0.044 Case 0.044 

G10 Other neurological 
conditions 

G08, G10, G11, G12.0–G12.1, G12.8–G12.9, G13, 
G21–G24, G25, G26, G32, G36–G37, G44, G47.1, 
G47.2, G47.4, G47.8–G47.9, G50, G51, G52, G53, G54, 
G55, G56, G57, G58, G59, G60, G61, G62, G63, G64, 
G90, G91, G92, G93, G95, G96, G97–G99, H81.4, F04, 
F05, F06 

0.236 Case 0.236 

H Sense organ 
disorders 

    

H1 Refractive 
disorders 

H52 0.023 Vision loss, mild 
Vision loss, moderate 
Vision loss, severe 

0.011 
0.060 
0.225 

H2 Cataract and other 
lens disorders 

H25, H26, H27, H28 0.061 Vision loss, mild 
Vision loss, moderate 
Vision loss, severe 

0.011 
0.060 
0.225 

H3 Glaucoma H40, H42 0.135 Vision loss, mild 
Vision loss, moderate 
Vision loss, severe 

0.011 
0.060 
0.225 

H4 Age-related 
macular 
degeneration 

H35.3 0.111 Vision loss, mild 
Vision loss, moderate 
Vision loss, severe 

0.011 
0.060 
0.225 

H5 Other visual 
disorders 

H00.1, H01–H04, H05.1–9, H06, H11, H15, H16, H17, 
H18, H19, H20, H21, H22, H30, H31, H32, H33, H34, 
H35.0–2, H35.4–9, H36, H43–51, H53, H55, H57, H58, 
H59 

0.052 Vision loss, mild 
Vision loss, moderate 
Vision loss, severe 

0.011 
0.060 
0.225 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

H6 Adult sensorineural 
hearing loss 

H83.3, H90.3, H90.4, H90.5, H90.6, H90.7, H90.8, 
H91.0, H91.1, H91.2, H91.8, H91.9, H93.0, H93.2, H93.3 

0.029 Hearing loss, mild 
Hearing loss, moderate 
Hearing loss, severe 

0.010 
0.050 
0.188 

H7 Child sensorineural 
hearing loss 

H90.3, H90.4, H90.5, H90.6, H90.7, H90.8, H91.2, 
H91.3, H91.8, H91.9, H93.2, H93.3 

0.119 Hearing loss, mild 
Hearing loss, moderate 
Hearing loss, severe 

0.010 
0.050 
0.188 

H8 Other hearing and 
vestibular disorders 

H60.2, H60.4, H60.5, H60.8, H60.9, H61, H62, H68, 
H69, H71, H72, H73, H74, H75, H80, H81.0, H81.1, 
H81.2, H81.3, H81.8, H81.9, H82,* H83.0–H83.2, 
H83.8–H83.9 H90.0–90.2, H92, H93.0, H93.1, H93.8, 
H93.9, H94,* H95 

0.041 Hearing loss, mild 
Hearing loss, moderate 
Hearing loss, severe 

0.010 
0.050 
0.188 

I Respiratory 
disorders 

    

I01 Asthma J45–J46 0.022 Asthma, controlled 
Asthma, uncontrolled 

0.009 
0.132 

I02 Chronic obstructive 
pulmonary disease 
(COPD) 

J40–J44 0.134 Mild 
Moderate 
Severe 

0.015 
0.122 
0.383 

I03 Obstructive sleep 
apnoea syndrome 

G47.3, E66.2 0.040 Case 0.040 

I04 Cystic fibrosis E84 0.192 Case 0.192 

I05 Sarcoidosis D86 0.192 Case 0.192 

I06 Bronchiectasis J47 0.192 Case 0.192 

I07 Interstitial 
pulmonary disease 

J84 0.122 Case 0.122 

I08 Other respiratory 
conditions 

J30–J35, J37–J38, J39.2–J39.3, J39.8–J39.9, J60, J61, 
J62, J63, J64, J65, J66, J67, J68–J70, J80, J81, J82, 
J90, J91–J92, J93, J94, J95, J98–J99 

0.128 Case 0.128 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

J Gastrointestinal 
disorders 

    

J01 Upper 
gastrointestinal 
disorder 

K25–K29, K20–K21, K22.1 K30 0.031 Active phase 
Quiescent phase 

0.123 
0.001 

J02 Appendicitis K35–K37 0.326 Case 0.326 

J03 Hernia K40–K46 0.029 Pre-operative phase 
Operative phase 

0.012 
0.326 

J04 Vascular 
insufficiency of 
intestine 

K55 0.169 Pre-operative phase 
Operative phase 
Stoma 

0.163 
0.326 
0.086 

J05 Inflammatory bowel 
disease 

K50–K51 0.215 Crohn’s disease case (no stoma) 
Ulcerative colitis case (no stoma) 
Stoma 

0.225 
0.225 
0.086 

J06 Gluten enteropathy K90.0 0.070 Case (biopsy confirmed – so severe only) 0.070 

J07 Irritable bowel 
syndrome 

K58 0.072 Relapse phase 
Quiescent phase 

0.123 
0.054 

J08 Diverticulitis K57 0.164 Medical management phase 
Non-stoma surgical phase 
Stoma  

0.326 
0.326 
0.086 

J09 Chronic liver 
disease 

K70, K71.0–K71.1, K71.3–K71.9, K72, K73–K76 0.081 Liver transplant 
Severe 
Moderate 
Mild 

0.027 
0.519 
0.194 
0.054 

J10 Gallbladder and 
bile duct disease 

K80–K83 0.326 Case 0.326 

J11 Pancreatitis K85–K86 0.326 Case 0.326 

J12 Other 
gastrointestinal 
disorders 

I85 K22.0, K22.2–K22.9, K23, K31, K38, K52, K56, 
K59–K63, K65 K66, K67, K71.2, K77, K82, K87, 
K90.1–K90.9, K91, K92 K93, L23.6, L24.6, L25.4, L27.2, 
K52.2, T78.0 

0.164 Case 0.164 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

K Genitourinary 
disorders 

    

K01 Chronic kidney 
disease 

I12, I13.1, N03–N07, N11–N13, Q60, Q61 0.215 CKD5 – dialysis 
CKD5 – transplantation 
CKD5 – conservative management 
CKD4 case 

0.573 
0.054 
0.519 
0.105 

K02 Urolithiasis N20–N21 0.236 Case 0.236 

K03 Urinary 
incontinence 

N39.3–N39.4 0.142 Case, severe only 0.142 

K04 Benign prostatic 
hyperplasia 

N40 0.070 Simple 
With incontinence 
With impotence 

0.070 
0.142 
0.098 

K05 Impotence N48.4 0.028 Under 45 years 
45–65 years 
65+ years 

0.076 
0.038 
0.019 

K06 Other genitourinary 
disorders 

N00, N01–N02, N08, N10, N14–N16, N22–N23, 
N25–N29, N30.1–N30.7, N30.9, N31–N37, 
N39.1–N39.2, N39.5–N39.9, N41.3–N41.9, N42, N43.0, 
N43.2, N43.3, N43.4, N44, N46, N47, N48.0, N48.1, 
N48.3, N48.5, N48.6, N48.8, N48.9, N49, N50, N99.0, 
E29 

0.163 Case 0.163 

L Reproductive and 
gestational 
disorders 

    

L01 Maternal 
haemorrhage 

O20, O44.1, O45, O46, O67, O72 0.009 Mild anaemia 
Moderate anaemia 
Lower segment caesarean section 

0.005 
0.058 
0.326 

L02 Puerperal sepsis O85, O86 0.220 Puerperal sepsis 
Other maternal infection 

0.326 
0.053 

L03 Hypertensive 
disorder of 
pregnancy 

O10, O11, O12, O13, O14, O15, O16 0.082 Hypertensive pregnancy 
LSCS (surgical phase) 
Neurological deficit (long-term sequelae) 

0.054 
0.326 
0.312 

L04 Obstructed labour O64, O65, O66 0.326 LSCS 0.326 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

L05 Early pregnancy 
loss 

O02, O03, O04, O05, O06, O07, O08 0.123 Case 0.123 

L06 Ectopic pregnancy O00 0.326 Case (acute phase – LSCS) 0.326 

L07 Gestational 
diabetes 

O24 0.054 Case 0.054 

L08 Other maternal 
disorders and 
caesarean only 

O21, O22, O23, O25, O26, O28, O29, O30, O31, O32, 
O33, O34, O35, O36, O40, O41, O42, O43, O44.0, O47, 
O48, O60, O61, O62, O63, O68, O69, O70, O71, O73, 
O74, O75, O80, O81, O82, O84, O87, O88, O89, O90, 
O91, O92, O95, O96, O97, O98, O98, O99 

0.326 Case (taken as LSCS) 0.326 

L09 Endometriosis N80 0.123 Case 0.123 

L10 Uterine fibroids D25 0.066 Case 0.066 

L11 Genital prolapse N81 0.055 Case 0.055 

L12 Polycystic ovary 
syndrome 

E28.2 0.072 Case 0.072 

L13 Menstrual cycle 
disorders 

N91, N92, N93, N94 0.018 Premenstrual dysphoric disorder 
Severe premenstrual disorder 
Dysmenorrhoea 

0.149 
0.136 
0.123 

L14 Infertility N96, N97, N98 0.020 Case 0.020 

L15 Other 
gynaecological 
disorders 

E28.0–E28.1, E28.3–E28.9, N60, N62, N63, N64, N75.0, 
N75.8, N75.9, N76.1, N76.2, N76.3, N76.4, N76.5, 
N76.6, N76.7, N76.9, N77.8, N82, N83, N84, N85, N86, 
N87, N88, N89, N90, N95, N99.1, N99.2, N99.3, N99.4, 
N99.8, N99.9 

0.054 Case 0.054 

M Skin disorders     

M01 Eczema and 
dermatitis 

L20, L21, L22, L23, L24, L25, L26, L27, L30.0, L30.1, 
L30.2, L30.4, L30.5, L30.8, L30.9 

0.029 Case 0.029 

M02 Psoriasis L40 0.055 Mild 
Moderate/severe 
Arthropathy 

0.029 
0.072 
0.292 

M03 Acne L70 0.072 Case – severe only 0.072 

M04 Cutaneous ulcers L89, L97, L98.4 (modelled as leg, ulcers and decubitus 
ulcers separately, then summed) 

0.095 Case 0.095 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

M05 Other skin 
disorders 

L05, L10, L11, L12, L13, L28, L29, L41, L42, L43, L44, 
L45, L50, L51, L52, L53, L54, L55, L56, L57, L58, L59, 
L60, L62, L63, L64, L65, L66, L67, L68, L71, L72, L73, 
L74, L75, L80, L81, L82, L83, L84, L85, L86, L87, L88, 
L90, L91, L92, L93, L94, L95, L98.0, L98.1, L98.2, L98.3, 
L98.5, L98.6, L98.8, L98.9, L99* 

0.072 Case 0.072 

N Musculoskeletal 
disorders 

    

N01 Osteoarthritis M15–M19 0.082 Mild 
Moderate/severe 

0.079 
0.171 

N02 Gout M10–M11 0.035 Acute phase 
Chronic/quiescent phase 

0.293 
0.012 

N03 Rheumatoid 
arthritis 

M05–M06 0.175 Mild 
Moderate/severe 

0.114 
0.323 

N04 Systemic lupus 
erythematosus SLE 

M32 0.292 Case 0.292 

N05 Other 
rheumatological 
conditions 

M02, M07, M08, M12–M13, M30–M31, M33–M35, M45, 
M60.1– 2, M60.8–9 

0.154 Mild 
Moderate/severe 

0.114 
0.323 

N06 Spinal disorders M47, M48.0–M48.2, M48.8–M48.9, M50, M51, M53, M54 0.066 Episodic case (with severity distribution of pain) 
Non-remitting case (with severity distribution of pain) 

0.026 
0.186 

N07 Chronic 
musculoskeletal 
pain syndromes 

M70.8, M70.9, M79.7, M75–M77 0.066 Case 0.066 

N08 Other non-arthritis 
MSK conditions 

M20, M21, M22–M25, M40, M41, M42, M43.0–M43.5, 
M43.6–M43.9, M46.0–M46.1, M46.4, M46.6–M46.9, 
M48.3–M48.7, M61–M62, M65.2–M65.9, M66–M67, 
M70.0–M70.7, M71.2–M71.9, M72.0–M72.4, 
M72.7–M72.9, M79, M80, M81, M83, M84.4, 
M84.8–M84.9, M85, M87–89, M91–M92, M93, M94, 
M95, M96, M99 

0.066 Case 0.066 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

O Oral disorders     

O01 Dental caries K02 0.011 Symptomatic untreated dental caries 
Edentulism (severe tooth loss with no or ill-fitting dentures) 

0.011 
0.010 

O02 Gingivitis and 
periodontal disease 

K05 0.002 Chronic periodontitis, symptomatic edentulism (severe tooth loss with no or 
ill-fitting dentures) 

0.008 
0.010 

O03 Pulpitis K04, K12.2 0.010 Case 0.010 

O04 Other dental 
disorders 

K00, K01, K03, K06, K07, K08, K09, K10, K11, K12.0, 
K12.1, K13, K14 

0.010 Case 0.010 

P Injury 
(N perspective) 

    

P01 Skull fracture S02.0, S02.1, S02.7, S02.9, T90.2  Case (short term) – hospitalised 
Case (short term) – community 
Long-term sequela (disfigurement) – mild 
Long-term sequela (disfigurement) – moderate 
Long-term sequela (disfigurement) – severe 

0.073 
0.036 
0.072 

P02 Maxillofacial 
fracture 

S02.2, S02.3, S02.4, S02.5, S02.6, S02.8  Case (short term) – hospitalised 
Case (short term) – community 
Long-term sequelae (disfigurement, speech, chewing) – mild 
Long-term sequelae – moderate 
Long-term sequelae – severe 

0.173 
0.072 

P03 Spinal fracture S12,0, S12.1, S12.2, S12.7, S22.0, S22.1, S32.0, S32.7, 
T91.1, T08 

0.132 Case (short term) 
Long-term sequelae (back pain, deformity) 

0.132 
– 

P04 Rib or sternum 
fracture 

S22.2, S22.3, S22.4, S22.5 0.150 Case (short term) 0.150 

P05 Pelvic fracture S32.1, S32.2, S32.3, S32.4, S32.5, S32.8, T91.2 0.390 Case (short term) 0.390 

P06 Clavicle, scapular 
or humerus fracture 

S42.0–S42.9 0.053 Case (short term) 0.053 

P07 Radius or ulna 
fracture 

S52.0–S52.9 T10, T92.1 0.065 Case (short term) 0.065 

P08 Hand bone fracture S62, S69.7, T92.2 0.025 Case (short term) 0.025 

P09 Femoral fracture S72, S79.7, T93.1  Case (short term) 
Long-term sequelae (mobility limitation) 

0.308 
0.072 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

P10 Patella, tibia or 
fibula fracture 

S82.0, S82.1, S82.2, S82.3, S82.4, S82.7, S82.9, T12, 
T93.2 

0.087 Case (short term) 0.087 

P11 Ankle fracture S82.5, S82.6, S82.8 0.087 Case (short term) 0.087 

P12 Foot bone fracture S92 0.033 Case (short term) 0.033 

P13 Shoulder, elbow or 
hip dislocation 

S43.0, S43.1, S43.2, S43.3, S73.0, S53.0, S53.1 0.080 Case (short term) 0.080 

P14 Other dislocation S03.0, S03.1, S03.2, S03.3, S13.10–S13.18, S13.2, 
S13.3, S23.1, S23.2, S33.1, S33.2, S33.3, S63.0, S63.1, 
S63.2, S83.0, S83.1, S93.0, S93.1, S93.3, T03, T11.2, 
T13.2, T14.3, T92.3, T93.3, T09.2 

0.080 Case (short term) 0.080 

P15 Traumatic brain 
injury 

S06, T90.5  Case (short term) 
Long-term sequelae (neurological deficit, psychological effects) 

0.235 
0.224 

P16 Spinal cord injury S14.1, S14.7, S24.1, S24.7, S34.1, S34.7, T06.0, T06.1, 
T91.3, T09.3 

0.369 Long-term neurological sequelae (neck level, includes 
chronic pain/decubitus ulcers, incontinence/impotence 
recurrent pneumonia) 

0.369 

P17 Peripheral nerve 
injury 

S04, S44, S54, S64, S74, S84, S94, T06.2, T11.3, 
T13.3, T14.4, S14.2, S14.3, S14.4, S14.5, S14.6, 
S24.3–S24.6, S34.6, T90.3, T92.4, T93.4, S34.2–S34.5, 
S34.8, T09.4 

 Case (short term) 
Long-term nerve damage (motor/sensory/pain) 

0.065 
0.136 

P18 Internal and 
multiple injury 

S25–S27, S35–S37, S39.6, T06.3, T06.5, T91.4, T91.5 0.352 Case (short term) 0.352 

P19 Shoulder soft tissue 
injury 

S43.4, S43.5, S43.6, S46.0–S46.9, S43.7 0.080 Case (short term) 0.080 

P20 Knee soft tissue 
injury 

S83.2, S83.3, S83.4, S83.5, S83.6 0.080 Case (short term) 0.080 

P21 Ankle soft tissue 
injury 

S86.0, S93.4, S93.2, S96.0–S96.9 0.080 Case (short term) 0.080 

P22 Other soft tissue 
injury 

S16, S034, S035, S13.4, S13.6, S23.3, S23.4, S23.5, 
S33.5–S33.7, S39.0, S53.2–S53.4, S56.0–S56.8, 
S63.3–S63.7, S66.0–S66.9, S73.1, S76.0–S76.7, 
S86.1–S86.9, S93.5, S93.6, T09.5, T11.5, T13.5, T14.5, 
T14.6 

0.080 Case (short term) 0.080 

P23 Eye injury S05.0–S05.9, T90.4, T15.0–T15.9  Case (short term) 
Permanent vision loss (severe) 

0.079 
0.225 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

P24 Burn T20–T30, [T31]  < 20% short term 
> 20 % short term 
< 20% long-term sequelae 
> 20% long-term sequelae (contractures, deformity) 

0.096 
0.333 
0.018 
0.438 

P25 Poisoning T52–T65, T97, T36–T50, T96, T51  Case (short term) 
Long-term sequelae (neurological deficit, oesophageal stricture, liver and 
kidney damage) 

0.171 
0.221 

P26 Drowning and 
immersion injury 

T75.1  Case (short term) 
Long-term neurological sequelae (mild /moderate/severe) 

0.288 
0.221 

P27 Open wound S01, S08, S11, S15, S21, S31, S41, S45, S51, S55, 
S61, S65, S71, S75, S81, S85, S91, S95, T01, T11.1, 
T11.4, T13.1, T14.1, T90.1 

0.009 Case(short term) 0.009 

P28 Crush injury S07, S17, S28.0, S38.0, S38.1, S47, S57, S67, S77, 
S87, S97, T04, T14.7, T92.6, T93.6, S59.7 

0.145 Case (short term) 0.145 

P29 Superficial injury S00.0–S00.9, S10.0–S10.9, S20.0–S20.8, S30.0–S30.9, 
S40.0–S40.9, S50.0–S50.9, S60.0–S60.9, S70.0–S70.9, 
S80.0–S80.9, S90.0–S90.9, T00.2–T00.9, T09.0, T11.0, 
T13.0, T14.0 

0.005 Case (short term) 0.005 

P30 Other injury S06.1, S09.0, S09.1, S09.2, S09.7, S09.8, S09.9, S13.0, 
S14.0, S19.8, S19.9, S22.8, S22.9, S24.0, S29.0, S29.8, 
S29.9, S33.0, S39.7, S39.8, S39.9, T09.8, T09.9, S49.8, 
S49.9, S79.8, S79.9, S83.7, S99.8, S99.9, S69.8, S69.9, 
S59.8, S59.9, S89.8, S89.9, T11.9, T13.8, T13.9, T02.3, 
T02.7, S12.8, S12.9, T14.2, T16, T17.0, T17.1, T17.2, 
T17.3, T17.4, T17.5, T17.8, T17.9, T18.0, T18.1, T18.2, 
T18.3, T18.4, T18.5, T18.8, T18.9, T19.0, T19.1, T19.2, 
T34.7, T35.4, T67.0, T67.1, T67.3, T67.5, T67.6, T66, 
T68, T69.1, T70.0– T70.3, T70.8, T75.3, T75.4, T75.8, 
T71, T73.2, T73.3, T73.8, T74.0, T74.1, T74.2, T74.8, 
T79.0, T79.2, T79.3, T79.4, T79.6, T79.7, T79.8, T14.9, 
T89.0 

0.129 Case (short term) 0.129 

P31 Amputated thumb S68.0 0.013 Case (long term) 0.013 

P32 Amputated finger S68.1, S68.2 0.030 Case (long term) 0.030 

P33 Amputated arm S48, S58, S68.3, S68.4, S68.8, S68.9, T05.0, T05.1, 
T05.2, T11.6 

0.130 Case (long term) 0.130 
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NZBD 
code 

NZBD description ICD10 codes Effective 
DW # 

Constituent health states Health 
state DWs 

P34 Amputated leg 
(above knee) 

S78, S88, T05.4, T05.5, T13.6 0.164 Case (long term) 0.164 

P35 Amputated foot 
(below knee) 

S98.0, S98.3, S98.4, T05.3 0.164 Case (long term) 0.164 

P36 Amputated toe S98.1, S98.2 0.008 Case (long term) 0.008 

Note: # averaged over strata; see ICD-10 manual for explanations of asterisks * and square brackets [ ]. 
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Appendix 2: Garbage codes 
Table A2: NZBD garbage codes 

Type Subtype Algorithm for redistribution 
(NZBD condition categories and codes) 

1 
Implausible 

R00–R99 except R95 Proportionate – all diseases (not injuries) 

Other codes listed above except 
D codes 

Proportionate – all diseases (not injuries) 

D codes listed above 0.5 Cancers (proportionately across entire category) and 
0.5 Others (proportionately across all other categories, 
excluding injuries) 

2 
Immediate 

D65, N17, E86–E87 0.5 Infections (proportionately across entire category) and 
0.5 Others (proportionately across all other categories, 
including injuries) 

I46 0.5 Cardiac (proportionately across entire category) and 
0.5 Others (proportionately across all other categories, 
including injuries) 

J96 0.5 Respiratory (proportionately across entire category) and 
0.5 Others (proportionately across all other categories 
including injuries) 

K72.0 (acute liver failure) Redistribute proportionately to L12.1 (acute liver disease) 

3 
Intermediate 

A40-A41 (septicaemia) Redistribute proportionately across A4.1 (bacterial 
meningitis), A6.2 (pyelonephritis), A7.1 (bacterial 
pneumonia), A8 (osteomyelitis and septic arthritis), and 
A9 (skin and soft tissue infections)  

G93.1, 93.4, 93.5, 93.6 
(brain hypoxia) 

Redistribute proportionately across cardiovascular disorders 

I50 (heart failure) See detailed algorithm below 

J93, J93.8–J93.9, J94 
(pneumothorax) 

Redistribute 0.5 proportionately across asthma (K1), COPD 
(K2), other chronic lung disease (K3), and 0.5 
proportionately across S1 (injuries) and S2 (violence) 

K65–K66 (peritonitis, 
haemoperitonium) 

Redistribute proportionately across sexually transmitted 
infections, acute pyelonephritis, appendicitis, hernia, 
cholecystitis, pancreatitis, inflammatory bowel disease, 
vascular insufficiency of intestine, and injury (R1, R2, R6) 

K70.4, K72.1, K72.9 
(chronic liver failure) 

Redistribute to chronic liver disease (L12.2) 

N18–N19 (chronic renal failure) See algorithm below 

4 
Unspecified and 
ill-defined 

A49 and B99 
(unspecified infectious disease) 

Redistribute proportionately across infections 

(A89) Unspecified viral infection of 
the central nervous system 

Redistribute proportionately across meningitis and 
encephalitis (A2.1, A2.2 and A2.3) 

(B19) Unspecified viral hepatitis Redistribute proportionately across Hep B, Hep C, Hep A 
and other viral hepatitis 

C26 (Malignant neoplasm of other 
and ill-defined digestive organs) 
(except C26.1) 

Redistribute proportionately across gastrointestinal cancers 
(C2–C8) 

C39 (Malignant neoplasm of other 
and ill-defined sites in the 
respiratory system and intrathoracic 
organs) 

Redistribute proportionately across head and neck, and lung 
cancers (C1 and C9) 

http://en.wikipedia.org/wiki/ICD-10_Chapter_A
http://en.wikipedia.org/wiki/ICD-10_Chapter_A
http://en.wikipedia.org/wiki/Sexually_transmitted_disease
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Type Subtype Algorithm for redistribution 
(NZBD condition categories and codes) 

 C57.9 (Malignant neoplasm: female 
genital organ, unspecified) 

Redistribute proportionately across female genital cancers 
(C13–C15) 

C63.9 (Malignant neoplasm: male 
genital organ, unspecified) 

Redistribute proportionately across male genital organ 
cancers (C16–C17) 

C68.9 (Malignant neoplasm: urinary 
organ, unspecified) 

Redistribute proportionately across urinary cancers 
(C18–C19) 

C76–C80 and D48 (should delete 
D48 because it is not a GC code 
(unspecified primary) 

Redistribute proportionately across all cancers 

E14 (unspecified diabetes mellitus) Redistribute proportionately across type 1 and type 2 
diabetes (D1.1 and D1.2) 

 E88.9 (unspecified metabolic 
disorder) 

Redistribute proportionately across all endocrine and 
metabolic disorders (D1–D5) 

F03 (unspecified dementia) Redistribute proportionately across Alzheimer’s disease 
(G2.1) and vascular and other dementias (G2.2) 

F09, F29, F39, F99 (unspecified 
mental disorder) 

Redistribute proportionately across mood disorders (F2), 
substance use disorders (F3), psychotic disorders (F4), 
post-natal mental disorders (F5) and eating disorders (F6) 

G96.9 (unspecified disorders of the 
neurological system) 

Redistribute proportionately across neurological conditions 

I31.3 Pericardial effusion 
(non-inflammatory) 

Redistribute 0.7 proportionately across all cardiovascular 
disorders, 0.2 proportionately to chronic kidney disease 
(M1), and 0.1 proportionately to thyroid disorders (D2) 

 I49.0 (ventricular fibrillation and 
flutter) 

Redistribute proportionately across all cardiovascular 
diseases 

I51 (unspecified heart disease) Redistribute proportionately across coronary disease (J1), 
valvular heart disease (J2), hypertensive heart disease (J3), 
cardiomyopathies (J7), other cardiovascular disorders (J11) 

I81 (portal vein thrombosis) Redistribute 0.7 proportionately to abdominal cancers 
(C2–C8), 0.2 proportionately to appendicitis (L4) and 
pancreatitis (L14), and 0.1 to other haematological disorders 
(E5) 

I99 (unspecified disorders of the 
circulatory system) 

Redistribute proportionately across all cardiovascular 
disorders 

K92 (gastrointestinal haemorrhage) Redistribute proportionately across peptic ulcer disease, 
diverticular disease, oesophagitis, GI cancers (oesophageal, 
stomach, colon, rectal), inflammatory bowel disease, and 
‘gastro other’ 

 X59 (exposure to unspecified 
factor) 

Redistribute proportionately across unintentional injury (R) 

Y10–Y34 (event of undetermined 
intent) 

Redistribute proportionately across intentional injury and 
violence (S1 and S2) 

J90 (pleural effusion unspecified) Redistribute 0.5 proportionately across bacterial and viral 
pneumonias (A8.1 and A8.2), and 0.5 proportionately across 
lung cancer (C9), breast cancer (C12), lymphoma (C22 and 
23), chronic liver disease (L12.2) and rheumatological 
conditions (P1) 

P96.9 (condition originating in the 
neonatal period, unspecified) 

Redistribute proportionately across neonatal conditions (B4) 

Q89.9 (congenital malformation, 
unspecified) 

Redistribute proportionately across birth defects (B3.1–B3.6) 
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Type Subtype Algorithm for redistribution 
(NZBD condition categories and codes) 

5 
Risk factors 
and sequelae 

E78 (hyperlipidaemia) Redistribute proportionately across coronary disease (J1), 
stroke (J8), aortic aneurysm (J9) and peripheral vascular 
disease (J10) 

E66 (obesity) (excluding E66.2) See algorithm below 

I10 (essential hypertension) Redistribute 0.5 proportionately across hypertensive heart 
and renal disease, and 0.5 proportionately across 
atherosclerotic diseases (coronary disease [J1], stroke [J8], 
aortic aneurysm [J9] and peripheral vascular disease [J10]) 

I70 (atherosclerosis) Redistribute proportionately across coronary disease (J1), 
stroke (J8), aortic aneurysm (J9) and peripheral vascular 
disease (L10) (should replace L10 with J10) 

G81–G82 (paraplegia and related 
syndromes) 

Redistribute 0.4 to stroke, 0.1 to MS and 0.5 to injury 

(Deleted Y85–89)  

I27.1 (kyphoscoliotic heart disease) Redistribute proportionately to developmental 
musculoskeletal disorders of childhood and adolescence 
(P6) 

I85 (oesophageal varices) Redistribute proportionately to chronic liver disease (L12.2) 
and other gastrointestinal diseases (L15) 

Y87.2 (sequelae of events of 
unspecified intent) 

Redistribute proportionately across intentional injury / 
violence (S1 and S2)  

Y89.9 (sequelae of unspecified 
external cause) 

Redistribute proportionately across unintentional injury (R) 
and violence (S) 

B94.2 (sequelae of viral hepatitis) Redistribute 50:50 to hepatitis C and B 
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