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Appendix: BODE3 Tobacco Model description, epidemiological inputs, 

validation, and health system costs (2016)  
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Introduction 

 

This Appendix is an updated version of the Supplementary Information (file S2) that accompanies a previously 

published description of this model.1 Compared to this previous work, various minor upgrades have been made to 

this model in early 2016. These changes included improving the epidemiological/mathematical coherence of the 
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incidence/prevalence of COPD in the New Zealand (NZ) population (using DISMOD II software) and refining how 

population impact fractions (PIFs) worked in older age-groups. These changes have only resulted in minor changes 

to the health gain (QALY) results compared to the previous work. An error was also found in the cost part of the 

model in late 2015 and the correction of this has reduced the level of cost savings relative to previous results from 

this model. 

Model 

Model overview 

Design, purpose and specification 

A proportional multi-state life-table model was developed in Excel to evaluate the effectiveness of interventions to 

reduce tobacco smoking and related diseases, and additionally to estimate costs and cost-effectiveness. The model 

evaluates intervention effect, cost and cost-effectiveness over the remaining lifetime of the New Zealand population 

alive in baseline year 2011, using information on baseline and projected future business-as-usual (BAU) trends in 

tobacco and disease epidemiology, and health system costs, overlaid with tobacco control intervention costs and 

effects.  

Life-table analysis 

The difference in years-of-life-lived between a New Zealand (NZ) population that smokes tobacco at projected BAU 

trends, and an identical population that receives the intervention (therefore altering future projected tobacco smoking 

rates and thence tobacco-related disease rates), is calculated in a proportional multi-state life-table (Fig. A1). The 

population was divided into five-year age group cohorts (from age 0 to age 105+), and simulated in the life-table 

until 110 years of age.  

Prevalent years lived with disability  

Years of life lived by each cohort are adjusted at each age for time spent in poor health (‘disability’) due to disease 

or injury, using disability estimates from the New Zealand Burden of Disease (NZBDS) study2 which in turn are 

derived from the Global Burden of Disease (GBD) Study 2010.3 In the main life-table, morbidity in the BAU 

scenario at each age is the total years of life lived with disability (so called prevalent YLDs, or pYLDs) from the 

2006 NZBDS (scaled down to adjust for overlapping morbidities), divided by the total number of people in the 

population. (These YLDs were first projected forward to 2011 using expected trends in disease incidence, remission 

and case-fatality).  

In each disease-specific life-table, morbidity is assigned by using the corresponding disease’s YLDs from the 

NZBDS divided by the population size, or so-called ‘disability rates’. These disability rates can be loosely thought 

of an equivalent to disabilities for the disease in question, by age. For example, if in a given age group there are an 

estimated 50 pYLDs and 200 prevalent cases, the DR is 0.25. This DR is assigned to that disease state in the BODE3 

tobacco multi-state life-table model, and results in a 25% loss in quality of life for any year lived with that disease. 

These pYLDs are specific to each disease group, sex and age.  

Quality-Adjusted Life-Years (QALYs) 

Previous BODE3 modelling4 termed health gain as ‘disability-adjusted life-years (DALYs) averted’. We currently 

refer to them as QALYs gained. The disability weighting (in this case DRs, which in term stem from DWs applied 

in the BDS itself) assigned is just one variant of health status valuation (HSVs); QALYs use a variety of HSVs (eg, 

those from EQ5D, etc). Furthermore, DALYs in a Burden of Disease Study use an external or reference life-table (to 

generate a health gap or loss measure); in this multi-state life-table, the DALYs averted are at the incremental 

margin for the 2011 NZ population, the same concept and method as used for QALYs. The only conceptual 
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difference between the QALYs we calculate and the various QALYs presented in much other research, is the HSV 

metric. In other cost-utility analyses the source of HSV is likely to vary between studies (arguably to fit the 

population’s preference, but more usually due to the pragmatics of different questionnaires used) whereas our 

QALYs are derived from one very large and coherent set of disability weights calculated in the GBD 2010 from 

multi-country surveys.3 We do not claim that the HSV in our QALY is ‘better’ than that used in other QALY 

estimates – there is genuine uncertainty in all HSVs. 

The QALY metric captures health gain (assuming the intervention is beneficial) that arises from a mix of change in 

years of life and quality of each year of life. Usually a gain in QALYs (in prevention interventions at least) is due to 

a gain in life years lived (with or without change in quality of life). Note, however, that it is possible to achieve 

QALY gains with a reduction in life years lived (but very good improvements in quality of life), or with an increase 

in life years gained that is greater than any ‘penalty’ from living in lower quality of life.  

Fig. A1 gives a schematic of how the differences in health adjusted life expectancy (and hence differences in 

DALYs averted or QALYs gained) is calculated. In descriptive terms, imagine the cohort of the entire NZ 

population with no model-specific diseases – that is, all the living and dying occurs in the ‘overall’ life-table part of 

the model. The cohort simply lives the remaining years expected given defined overall mortality and morbidity 

rates.  

Second, imagine we now specify two separate disease processes – say CHD and stroke. These disease processes 

actually have their own separate life-tables acting on a ‘subsidiary’ cohort of people with that disease’s incidence, 

case-fatality and morbidity parameters. Note that the proportion of the cohort with CHD or stroke (and alive ‘in’ 

these disease process states) are also still alive in the main life-table as well – hence the term ‘multi-state’ life-table 

model as proportions of the cohort can be in multiple states simultaneously. 

Third, imagine we now want to model the impact on health adjusted life expectancy (and therefore QALYs) for a 

preventive intervention that reduces the incidence of stroke and CHD. The model structure of how this intervention 

works will vary depending on the intervention type, but the modelling process for that effect is the same for all types 

of interventions. Namely, one uses standard population impact fraction (PIF) estimations. PIFs are the percentage 

change in disease incidence for a given intervention acting through a risk factor with (usually) a given relative risk. 

Assume the intervention lowers the incidence of selected (eg, tobacco-related diseases), which leads to a 

corresponding increase in health adjusted life years by: 

1. Lowering the incidence of the tobacco-related diseases in the ‘intervention’ scenario. 

2. Which in turn results in lowered mortality and morbidity from each tobacco-related disease. 

3. Which is then subtracted from the total mortality and morbidity rates in the main life-table (repeated 

for every tobacco-related disease modelled in parallel), to give a post-intervention total health adjusted 

life expectancy and a post-intervention expected total QALYs remaining for the population. 

4. The QALYs gained due to the intervention is, simply, the total post-intervention QALYs expected for 

the population minus the total pre-intervention or BAU QALYs. 
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Fig. A1: Schematic of a proportional multi-state life-table, showing the interaction between disease 

parameters and life-table parameters, where x is age, i is incidence, p is prevalence, m is mortality, w is 

disability-adjustment (or health status valuation), q is probability of dying, l is number of survivors, L is life 

years, Lw is health adjusted life expectancy, and where ‘-‘ denotes a parameter that specifically excludes 

modelled diseases, and ‘+’ denotes a parameter for all diseases (ie, including modelled diseases) 5. 

 

Health system costs 

Just as proportions of the cohort ‘alive’ in the overall and disease process are rewarded with additional QALYs for 

each annual cycle they live, so too can health system costs be ‘rewarded’. In the BODE3 multi-state life-table 

models, we have five types of health system cost: 

 Main life-table: 

A. Annual cost to the NZ health system for being alive for a given sex and age, and not in the last 

six months of life and not concurrently alive with one of the modelled diseases (ie, tobacco-

related). All members of the cohort are assigned this cost; it is the base cost. 

B. Excess cost to A for being in the last six months of life if dying of a disease other than one of 

the modelled diseases (ie, dying of a non-tobacco-related disease). 

 Disease process life-tables: 

C. Excess cost to A for being in first year of diagnosis of a tobacco-related disease. 

D. Excess cost to A for being alive with a tobacco-related disease, and neither in the first year of 

diagnosis nor in the last six months of life if dying of that disease. 

E. Excess cost to A for being in the last six months of life if dying of a tobacco-related disease. 

The derivation of these five costs is described later in this Appendix.  

Finally, because the modelling focus has been on disease prevention, we have described interventions which reduce 

future disease incidence. It is also possible to parameterise interventions that change disease morbidity or case-

fatality – but they must be undertaken carefully given how morbidity and case-fatality rates are derived for the 

model, and they are beyond the scope of this Appendix.  

Tobacco-related disease models 

Tobacco smoking has been linked to increased incidence of various cancers (eg, lung, head and neck), 

cardiovascular diseases (eg, coronary heart disease (CHD), stroke), and respiratory conditions (eg, chronic 

obstructive pulmonary disease (COPD), lower respiratory tract infection (LRTI)). These diseases were modelled 

explicitly using rates of disease incidence, disease remission, mortality from the disease (or case-fatality), and a 
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background mortality rate (from both the diseased and healthy states), (Fig. A2). Note that this model occurs in each 

separate or parallel disease-specific life-table, and generates differences in mortality and morbidity (and prevalence 

and cost) rates between the BAU and intervention scenarios, and these differences in rates are then feedback into the 

main life-table (Fig. A1).  

      
 

Fig. A2: Each disease was modelled with four states (healthy, diseased, dead from the disease, and dead from 

all other causes) and transition hazards between states of incidence, remission, case-fatality and mortality 

from all other causes. 

 

Diseases included in BODE3 tobacco multi-state life-table model 

The following table (Table A1) includes all the diseases included in the BODE3 tobacco multi-state life-table model. 

Note that an example (lung cancer) of the specific details of data sources and both pre-DISMOD processing and 

DISMOD manipulation prior to inclusion in the BODE3 tobacco multi-state life-table model are included in the 

Appendix A in the S2 File of the Blakely et al 2015 study.1 

There are many diseases associated with smoking, with varying evidence in terms of the contribution of tobacco use 

to their incidence. In principle, we prioritised inclusion in the model for: 1) diseases which were included as 

smoking-related in the NZ Burden of Disease Study2; 2) cancers that were found to have a significant association 

with smoking in the NZ CancerTrends study6 ; and 3) other smoking-related diseases that contributed to at least 

0.5% of the total disease burden in NZ in 2006 (as measured in DALYs in the NZBDS). Diseases needed to meet 

criteria 1 and 3 or criteria 2 to be included in the model. Most of the included diseases were chronic diseases (eg, 

various cancers) with the exception of acute LRTIs.  

Some diseases with relatively high relative risks (RRs) were excluded such as age-related macular degeneration 

(ARMD) and peripheral vascular disease, as these each make up <0.5% of the total disease burden in NZ (and 

therefore would contribute negligible health gains in a smoking intervention model). Also, data availability and 

reliability were poor for the following conditions: gum disease, impotence, female infertility, hip fracture risk, fire-

related injuries and other injuries, and mental health effects such as depression, anxiety, and for the psychological 

state of being “addicted” to tobacco. We did not include diseases from second-hand smoke and smoking in 

pregnancy as this was deemed too complex for our macro-simulation modelling – thus there is an inherent bias in 

our modelling to underestimate health gains from tobacco reduction (albeit probably slightly). Regarding female 

breast cancer IARC states “limited” evidence for the association with smoking,7 therefore we did not include it. 

Last, we did not include “ovary mucinous” cancer, as this was not included in the NZBDS and would be a minor 

Healthy 
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(disease) 
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Mortality 

(other) 
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Incidence 
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contributor to total health gains (even though IARC states that there is sufficient evidence for an association with 

smoking). Also of note, we included three diseases for which smoking appears to have protective effects: melanoma, 

thyroid cancer and endometrial cancer (based on the Cancer Trends study).6 

Table A1: Tobacco Smoking Related Diseases included in BODE3 tobacco multi-state life-table model 

 

NZBDS codes Condition 

Cancers  

C09 Lung cancer 

C01 Head & neck cancer 

C02 Oesophageal cancer 

C03 Stomach cancer 

C06 Liver cancer 

C08 Pancreatic cancer 

C13 Cervical cancer  

C18 Bladder cancer 

C19 Kidney cancer 

C14 Endometrial cancer 

C10 Melanoma 

C21 Thyroid cancer 

Respiratory disease   

I02 Chronic obstructive pulmonary disease (COPD) 

A08 Lower respiratory tract infection (LRTI) 

Cardiovascular disease  

E01 Coronary heart disease which includes “congestive heart failure” 

E10 Stroke 

 

Model: Baseline specification and parameters 

Background population inputs 

The following population parameters were included: 1) population size; 2) total pYLDs; and 3) total mortality rates, 

all by five-year age groups for each sex and ethnicity. Population counts were compiled using Statistics NZ 2011 

estimates. Total pYLDs were calculated using the total (corrected for multiple morbidity) YLDs for all diseases in 

the NZBDS divided by the total population in NZ for each age, sex and ethnicity group. Population mortality rates 

were calculated from data from the Statistics NZ life-tables for 2010-2012. The trend in future total mortality rates 

was a function of trends set for each disease, plus trends in the mortality for diseases not included in the model. For 

example, imagine a model with only two diseases – CHD and stroke. Assume the future annual percentage change 

(APC) in incidence for both these diseases is -2%, and for case-fatality is also -2%. Then, once the model is 

equilibrated, the APC for mortality from CHD and stroke will be -4%. Assume that for a given sex, ethnic and age 

group the CHD deaths in 2011 made up 15% of all death, and stroke 5% of all deaths. Assume that the other 

diseases had an APC in mortality rate of 1.75% for non-Māori and 2.25% for Māori (consistent with long-run 

trends8). The estimated APC for non-Māori all-cause mortality in the first year is a weighted average: 15% × -4% + 

5% × -4% + 80%× -1.75% = -2.2%. This APC is then (slightly) adjusted for each year out into the future by 

changing proportionate mortality. Such estimated APC in all-cause mortality (as the input to the BAU part of the 

overall life-table) were included out to 2026, then 0% APC was assumed. 

Data sources, processing, DISMOD, and inputs to BODE3 multi-state life-table models 

The basic steps for generating disease inputs for BODE3 tobacco multi-state life-table model were: 1) data 

compilation; 2) preliminary processing of the data; and 3) DISMOD II estimation of epidemiologic parameters 9.  

Step 1): Data for these diseases were compiled from various sources (see Table A2).  
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Step 2): Some parameters were further processed to give ‘best’ (pre-DISMOD) estimates for 2011. For example, 

data on prevalence for less common diseases were compiled and then regression-smoothed prior to inserting into 

DISMOD II. Readers can refer elsewhere (Appendix A in the S2 File of the Blakely et al 2015 study1) for a step-by-

step description of data compilation and processing in DISMOD II for one example disease, lung cancer. (Similar 

documentation for all other diseases is available from the authors on request.) All parameters were generated by 

five-year age groups by sex and ethnicity (Māori/Non-Māori), except cervical and endometrial cancers which were 

only compiled for women.  

Step 3): These parameters were then inputted to DISMOD II, separately by sex and ethnicity, to generate an 

‘epidemiologically consistent’ set of parameters. Eg, if the prevalence estimate was too low given what is known 

about incidence and case-fatality from the disease (and background ‘competing’ mortality), DISMOD II outputs 

values that are epidemiologically / mathematically consistent, allowing the user to ‘weight’ the inputs. For cancer 

incidence, full weighting (setting at “100%”) was given, as it was the most reliable parameter. Typically, mortality 

was also given full weighting and prevalence was given a 50% weighting (for diseases-specific weighting 

information, see README files for the disease of interest available upon request from the authors, and for lung 

cancer (only) in the Appendix A in the S2 File of the Blakely et al 2015 study1). The outputs from DISMOD II were 

then used to populate the BODE3 multi-state life-table model.  
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Table A2: Tobacco-related disease data sources and processing notes for those disease variables subsequently estimated in DISMOD II  

Disease Incidence Prevalence 
Disease-specific 

mortality 
Case-fatality rate Remission 

Lung cancer BODE3 estimates^ NZBDS, five-year look back NZBDS Generated using equations† Generated using equations† 

Head & neck cancer BODE3 estimates^ 
NZBDS, five-year look back, 
regression smoothed 

NZBDS, regression 
smoothed 

Generated using equations† Generated using equations† 

Oesophageal cancer BODE3 estimates^ 
NZBDS, five-year look back, 

regression smoothed 

NZBDS, regression 

smoothed 
Generated using equations† Generated using equations† 

Stomach cancer BODE3 estimates^ NZBDS, five-year look back NZBDS Generated using equations† Generated using equations† 

Liver cancer BODE3 estimates^ NZBDS, five-year look back NZBDS Generated using equations† Generated using equations† 

Pancreatic cancer BODE3 estimates^ 
NZBDS, five-year look back, 

regression smoothed 

NZBDS, regression 

smoothed 
Generated using equations† Generated using equations† 

Cervical cancer BODE3 estimates^ 
NZBDS, five-year look back, 
regression smoothed 

NZBDS Generated using equations† Generated using equations† 

Bladder cancer BODE3 estimates^ NZBDS, five-year look back NZBDS Generated using equations† Generated using equations† 

Kidney cancer BODE3 estimates^ 
NZBDS, five-year look back, 

regression smoothed 

NZBDS, regression 

smoothed 
Generated using equations† Generated using equations† 

Leukaemia BODE3 estimates^ 
NZBDS, five-year look back, 

regression smoothed for females only 

NZBDS, regression 

smoothed  
Generated using equations† Generated using equations† 

Endometrial cancer BODE3 estimates^ NZBDS, five-year look back NZBDS Generated using equations† Generated using equations† 

Melanoma BODE3 estimates^ 
NZBDS, five-year look back, 

regression smoothed 

NZBDS, regression 

smoothed 
Generated using equations† Generated using equations† 

Thyroid cancer BODE3 estimates^ 
NZBDS, five-year look back, 
regression smoothed 

NZBDS, regression 
smoothed 

Generated using equations† Generated using equations† 

COPD 
Initial DISMOD output, 
regression smoothed 

NZBDS, 10-year look back NZBDS 
For Māori only: Initial DISMOD 
output and specified for <20 years 

Set to 0 

CHD  
HealthTracker, 

regression smoothed for 
Māori only 

NZBDS, 10-year look back Ministry of Health*  Set to 0 

Stroke HealthTracker HealthTracker Ministry of Health*  Set to 0 

^Source: 10 

† Using simple assumptions about the mathematical relationship of prevalence and incidence to generate an average duration, then a total rate of ‘exit’ (ie, 

remission rate + case-fatality rate (CFR) + background mortality rates), and then estimating the case-fatality rate given the five year relative survival 

≈[Remission]/[Remission + CFR]. 

* http://www.health.govt.nz/publication/mortality-and-demographic-data-2010
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The DISMOD output rates (in one year age groups) for incidence, prevalence, case-fatality and remission were then 

used to populate the multi-state life-table model for all diseases – except CHD, stroke, COPD and LRTI. For CHD, 

stroke and COPD, only incidence, prevalence, and case-fatality were used (ie, remission was assumed to be zero as 

these are usually life-long conditions). For LRTI, only mortality was used. 

Disability rates (DRs) were calculated by dividing the NZBDS’s disease-specific pYLDs (adjusted for other co-

morbidities, for the year 2006, projected to 2011) by the DISMOD II estimated prevalent cases for all diseases 

except LRTI. To estimate the pYLDs in 2011 we applied the following equation: 

 

𝑌𝐿𝐷2011 = 𝑌𝐿𝐷2006 × (1 + 𝐴𝑃𝐶𝑖𝑛𝑐)
5 ×

1

(1 + 𝐴𝑃𝐶𝑐𝑓𝑟)
5
× (1 + 𝐴𝑃𝐶𝑟𝑒𝑚)

5
×
𝑃𝑜𝑝𝑛2011
𝑃𝑜𝑝𝑛2006

 

(1) 

Where: 

YLD[2006] is the corrected for comorbidities YLD in 2006 from NZBDS 

APC[inc] = annual percentage change in incidence rate for each disease  

APC[cfr] = annual percentage change in CFR for each disease  

APC[rem] = annual percentage change in remission rate for cancers only  

Popn[2006] = the population count/size for the given sex by age by ethnic group in 2006 

Popn[2011] = the population count/size for the given sex by age by ethnic group in 2011 

 

 
The disease parameters (mortality rates and disability rates) for LRTI were generated directly from the NZBDS (not 

DISMOD II). For specific details on final parameters for each disease, see Table A3 below. 

Generating DRs by dividing pYLDs by prevalent cases for each five-year age group, for each disease, for each sex 

by ethnicity, was often too unstable due to sparse data. We therefore aggregated age groupings to ensure the sum of 

prevalent cases exceeded 10 (eg, 0-44 year olds were always combined; for common diseases such as CHD and 

stroke age groupings were: 0-44, 45-54, 55-64, 65-74, and 85+ years; for rare diseases such as pancreatic cancer in 

Māori males all age groups were combined). For LRTI only, we calculated DRs using the 2006 NZBDS corrected 

pYLDs divided by the NZBDS population (Statistics NZ) (ie, no adjustment to 2011 was made for LRTI). 
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Table A3: Final disease parameters and sources used in the BODE3 tobacco multi-state life-table model 

Disease Incidence Prevalence 
Case-fatality 

rate 

Mortality 

rate 
Remission Disability rate 

Lung cancer DISMOD II DISMOD II DISMOD II  DISMOD II 
DISMOD II & 

NZBDS 

Head & neck cancer DISMOD II DISMOD II DISMOD II  DISMOD II 
DISMOD II & 

NZBDS 

Oesophageal cancer DISMOD II DISMOD II DISMOD II  DISMOD II 
DISMOD II & 

NZBDS 

Stomach cancer DISMOD II DISMOD II DISMOD II  DISMOD II 
DISMOD II & 
NZBDS 

Liver cancer DISMOD II DISMOD II DISMOD II  DISMOD II 
DISMOD II & 

NZBDS 

Pancreatic cancer DISMOD II DISMOD II DISMOD II  DISMOD II 
DISMOD II & 
NZBDS 

Cervical cancer DISMOD II DISMOD II DISMOD II  DISMOD II 
DISMOD II & 

NZBDS 

Bladder cancer DISMOD II DISMOD II DISMOD II  DISMOD II 
DISMOD II & 

NZBDS 

Kidney cancer DISMOD II DISMOD II DISMOD II  DISMOD II 
DISMOD II & 
NZBDS 

Leukaemia DISMOD II DISMOD II DISMOD II  DISMOD II 
DISMOD II & 

NZBDS 

Endometrial cancer DISMOD II DISMOD II DISMOD II  DISMOD II 
DISMOD II & 
NZBDS 

Melanoma DISMOD II DISMOD II DISMOD II  DISMOD II 
DISMOD II & 

NZBDS 

Thyroid cancer DISMOD II DISMOD II DISMOD II  DISMOD II 
DISMOD II & 

NZBDS 

COPD DISMOD II DISMOD II DISMOD II    
DISMOD II & 

NZBDS 

LRTI+       NZBDS   NZBDS 

CHD  DISMOD II DISMOD II DISMOD II    
DISMOD II & 
NZBDS 

Stroke DISMOD II DISMOD II DISMOD II    
DISMOD II & 

NZBDS 

+ Indicates that disease parameters were not processed in DISMOD II, rather parameters were directly inserted into 

the model. This acute infection was only used to adjust pYLDs in the model (see “Model design, purpose and 

specification” section above) 

 

Final processing of incidence and prevalence estimates 

In an effort to more accurately reflect the disease epidemiology in the NZ population, some diseases incidence and 

prevalence rates were forced to be zero at young ages as a final step in processing. Specifically, the 

incidence/prevalence rates for cancers were set to 0 for those 20 years and younger. This led to changes for Non-

Māori (males [M] and/or females [F]) in the following cancers: head and neck [M, F], stomach [M, F], bladder [M, 

F], kidney [M, F], thyroid [M, F], lung [F], liver [F], cervical [F], endometrial [F], and melanoma [M]. This led to 

changes for Māori in the following cancers: stomach [M, F], bladder [M], lung [F], liver [M], cervical [F], 

endometrial [F], pancreatic [M, F], thyroid [M, F], and melanoma [M, F]. Starting ages for non-zero 

incidence/prevalence for stroke and CHD were 25 years and 19 years respectively, for all sex and ethnicity groups. 

The incidence/prevalence of COPD was set at zero for those aged 15 years or less. 

Future disease trends (incidence, remission and case-fatality) 

The above parameterisation was for 2011 only. Some key parameters are known to have increasing or decreasing 

trends in recent decades – and are likely to have such trends in the near-future. Thus, we also specified future 

disease incidence and case-fatality as percentage annual change from 2011 to 2026. For CHD and stroke, we relied 

on NZBDS projections for annual changes in incidence and mortality (see Table 8 in a Report2). Specifically, we 

incorporated an annual incidence change of -2% and an annual case-fatality trend of -2% for CHD and stroke.  
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For cancer trends, we relied on our previous modelling of future cancer incidence.10 We generated average 

incidences for cancer types by sex and ethnicity for age groups 45-84 years for the years 2006 to 2026. Then, we 

calculated an average annual change. However, since the NZBDS did not develop projections for changes in cancer 

case-fatalities, we calculated the average case-fatality rate and remission rate for those aged 45-84 years in 2011 

(DISMOD II outputs/multi-state life-table disease inputs) by sex and ethnicity for each cancer. We then used the 

coefficient for year since diagnosis from the Excess Mortality Rate models (Table 30 in Costilla et al10; 

http://www.otago.ac.nz/wellington/otago032865.pdf) to calculate the APC in case-fatality and remission. 

Trends in COPD incidence and case-fatality till 2026 were difficult to estimate due to the evolving nature of the 

tobacco epidemic, so we noted that COPD mortality (all sexes and ethnic groups combined) is declining at about 2% 

per annum and assumed that this was split 50:50 between incidence and case-fatality trends, and applied this 

uniformly to all four sex by ethnic groups (given the recent similar relative reduction in tobacco use by these 

groups). We assumed no annual trends in incidence or case-fatality for LRTI. 

Uncertainty around the incidence, case-fatality and remission disease trends were included in the model for all 

diseases of 1 percentage point SD about the APC. This uncertainty draw is independent for each epidemiological 

parameter (ie, incidence, case-fatality and remission) by disease, but correlated r=1.0 across each of the four sex by 

ethnic groupings and all diseases.  

Disease cost inputs 

Cost offsets, due to reduced rates of tobacco-related disease, are calculated using the five types of health system cost 

described above in this Appendix, and changing the ‘flow’ through the multi-state life-table by altering disease 

incidence. We sourced these five costs from the NZ HealthTracker database. This database is a linkage system for 

all nationally collected health events, linked together by a personal unique identifier.11 Critically, each health event 

is linked to a unit resource cost, creating a powerful routine costing system to use in disease costing. The health 

events include pharmaceuticals, laboratories, laboratory usage, inpatient hospitalisations (albeit with some gaps, 

most notably rest-home care) and outpatient attendance. General practice is included, but only as an ‘average’ 

capitated funding formula attributed to individuals. All costs are in 2011 NZ dollars.  

We calculated costs such as ‘the health system costs for males age 57 in their first year post diagnosis with a stroke’, 

and more generally the five costs described above, namely: 

A. Annual cost to the NZ health system for being alive for a given sex and age, and not in the last six months 

of life and not concurrently alive with one of the modelled diseases (ie, tobacco-related in this Report). All 

members of the cohort are assigned this cost; it is the base cost. 

B. Excess cost to A for being in the last six months of life if dying of a disease other than one of the modelled 

diseases (ie, dying of a non-tobacco-related disease). 

C. Excess cost to A for being in first year of diagnosis of a tobacco-related disease. 

D. Excess cost to A for being alive with a given disease, and neither in the first year of diagnosis nor in the last 

six months of life if dying of that tobacco-related disease. 

E. Excess cost to A for being in the last six months of life if dying of the tobacco-related disease. 

The specific details and equations of how these costs are calculated are detailed in the following online Report: 

“Kvizhinadze G, Nghiem N, Atkinson J, Blakely T. Cost Off-Sets Used in BODE3 Multistate Lifetable Models 

Burden of Disease Epidemiology, Equity and Cost-Effectiveness Programme (BODE3). Technical Report: Number 

15. Wellington: University of Otago, Wellington, 2016” (at: http://www.otago.ac.nz/wellington/otago619391.pdf).  

Whilst HealthTracker is a rich resource, it is also not (yet) complete. About two thirds of all of NZ Government 

expenditure on health can be accounted for in the above costings assigned to each health event.11 Remaining 

Government expenditure on health was assumed to be ‘overhead’ and not able to be altered through future changes 

http://www.otago.ac.nz/wellington/otago032865.pdf
http://www.otago.ac.nz/wellington/otago619391.pdf
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in disease incidence. However, there were two remaining ‘missing’ health system costs. First, publicly funded 

palliative care was not (yet) well captured in this database. Therefore, we scaled up costs in the last six months of 

life (B and E costs) by 1.1, 1.2 and 1.3 for 65-74, 75-84 and 85+ year olds respectively. Second, 83.2% of all health 

system expenditure is publicly funded in NZ12 (which is fairly typical of high-income countries); and we assumed 

that the remaining private and out-of-pocket expenditure was evenly distributed across diseases and simply scaled 

up all costs by 1.2 (ie, 1/0.832). 

For lower respiratory tract infections (LRTIs) only, we generated total costs by age and sex from HealthTracker, 

which included only hospitalisations. We averaged these annual costs from 2006/7 to 2011/12. Then, we used 2001 

Australian total health system costs (which included in and out patient hospitalisations, pharmaceuticals, GP visits, 

imaging and pathology) to generate the scalar to increase our HealthTracker costs to include all other health system 

costs associated with LRTI, but yet not available using HealthTracker data. We generated a total LRTI cost per age 

and sex group and divided by the LRTI pYLDs (from NZBDS 2006) for those same age and sex groups.  

All costs are being made available on the BODE3 website (www.otago.ac.nz/bode3), and are subject to ongoing 

improvements. 

Validation 

We conducted a number of tests on the base model, to ensure that disease estimates corresponded with external data 

sources, with a focus on the main disease drivers in the model (ie, lung cancer, CHD and stroke). Specifically, we 

verified our model’s estimated mortality rates for 2011 for four different non-Māori age groups by sex for CHD, 

stroke and lung cancer compared to those of the Ministry of Health Mortality and Demographic data for 2010 

(http://www.health.govt.nz/publication/mortality-and-demographic-data-2010), and Burden of Disease Study 

(updated from 2006 to 2011 estimates using the same methods outlined in Appendix A in the S2 File of the Blakely 

et al 2015 study1). We also verified our model’s estimate of the proportion of deaths in NZ due to CHD and stroke in 

2011 for six to eight different age groups by sex with those of the Ministry of Health’s Mortality and Demographic 

data for 2010.  

For CHD and stroke mortality rates, trends were very similar between our model estimates and the Ministry of 

Health data for both males and females and across ages. For lung cancer mortality rates, our model estimates for 

males were slightly lower for males and this difference was less pronounced at older ages. For stroke deaths as a 

percentage of total deaths, model estimates for both females and males were within 3% of Ministry of Health 

estimates. Last, for CHD deaths as a percentage of total deaths, model estimates were within 4% or 3% of Ministry 

of Health estimates for females and males, respectively, where model estimates were slightly higher for males (see 

Fig. S8 to S12 in Appendix B in the S2 File of the Blakely et al 2015 study1). 

Model: Intervention specification and parameters  

Health impact of changing exposure to tobacco smoke 

We modelled the health benefits of interventions through a reduction in incidence of each smoking-related disease 

(Equation 2). Note that all calculations were done by age, gender and ethnicity, although we omit these subscripts 

from the following equations for clarity. 

 xxx PIF1I'I            (2) 

where: 

xI  is the current incidence of disease x in the population; 

http://www.otago.ac.nz/bode3
http://www.health.govt.nz/publication/mortality-and-demographic-data-2010
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'Ix
 is the new incidence of disease x after an intervention is implemented; and 

xPIF  is the population impact fraction for disease x. 

Each PIF 13 was derived from the current smoking prevalence, the new smoking prevalence following intervention 

and the relative risks of smoking-related diseases (Equation 3).  
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 (3) 

where: 

cxRR  is the risk of disease x in current smokers, relative to never smokers; 

 tfxRR  is the risk of disease x among former smokers at time t since cessation, relative to never smokers; 

cp  and cp  are the prevalence of people who report currently smoking at least one cigarette daily, before and 

after intervention; 

np  and np  are the prevalence of prevalence of people who report never having smoked at least one cigarette 

daily, before and after intervention; and 

fp  and 
fp  are the prevalence of prevalence of people who report past smoking of at least one cigarette daily, 

before and after intervention. 

 

Relative risks of smoking-related diseases 

We applied risks of smoking-related disease from NZ-specific epidemiological studies where possible. Unlike the 

large cohort studies, such as the US based Cancer Prevention Study II (CPS II), the NZ studies6, 14, 15 make use of 

national cancer registry (and mortality) data linked with data from the regular censuses, which have episodically 

included questions on smoking behaviour since 1976. For risks of COPD and LRTI, however, we had to draw on 

international studies.16 Table A4 gives a summary of all the relative risk values used in the modelling and their 

sources.  

Table A4: Relative risks of smoking-related diseases for current versus never smokers 
Disease 

Relative risk (95% uncertainty 

interval) 

Confounding 

adjustment* 
Source 

Coronary heart disease Men: 1.61 (1.44 to 1.80) 

Women: 1.66 (1.27 to 2.17) 

 NZ linked data 15 

Stroke Men: 2.52 (2.12 to 2.99) 

Women: 2.20 (1.66 to 2.90) 

 NZ linked data 15 

Chronic obstructive 

pulmonary disease 

Men: 10.80 (8.40 to 13.90) 

Women: 12.30 (9.90 to 15.20) 

 CPS-II 16 

Lower respiratory tract 
infection 

Men: 1.90 (1.50 to 2.40) 

Women: 2.20 (1.70 to 2.80) 

 CPS-II 16 

Lung cancer 9.28 (8.31 to 10.40)**  NZ linked data 6 

Mouth and oropharyngeal 
cancer 

2.30 (1.94 to 2.72) **  NZ linked data 6 

Oesophageal cancer 2.14 (1.73 to 2.65) ** -0.4 to -0.1 NZ linked data 6 

Pancreatic cancer 1.68 (1.44 to 1.96) ** 0.1 to 0.2 NZ linked data 6 

Bladder cancer 2.22 (1.94 to 2.55) **  NZ linked data 6 
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Kidney cancer 1.29 (1.07 to 1.56) **  NZ linked data 6 

Stomach cancer 1.42 (1.22 to 1.66) ** 0.07 to 0.10 NZ linked data 6 

Liver cancer  1.75 (1.37 to 2.24) ** -0.10 to -0.20 NZ linked data 6 

Cervical cancer  1.82 (1.51 to 2.20) **  NZ linked data 6 

Endometrial cancer#  0.67 (0.56 to 0.79) ** 0.08 NZ linked data 6 

Melanoma#  0.62 (0.56 to 0.69) **  NZ linked data 6 

Thyroid cancer#  0.76 (0.58 to 1.00) **  NZ linked data 6 

* Additional change in RR to additionally correct for potential residual confounding by alcohol and obesity (which were not captured in 
census data). 

**Rate ratio values adjusted for selection bias and confounding (eg, due to socio-economic factors) and exposure misclassification. 

# That is, there is some evidence that tobacco smoking protects against these cancers (possibly due to hormonal effects) 

(Note that we did include a scenario analysis substituting the CPS II relative risks for CHD and stroke for the 

‘default’ relative risks above, as presented in Table S7 of the S2 File of the Blakely et al 2015 study.1 

We assumed no excess risk of LRTI immediately after cessation of smoking, but for all other diseases, we assumed 

that the current smoker disease risks decline with time since cessation, using regression models derived by 

Hoogenveen et al.17 The regression model parameters are shown in Table A5. We assumed no excess risk remained 

after 20 years. 

     tγt cxfx  exp1RR1RR  (4) 

  50exp0  a  (5) 

 
where: 

 

  is a regression coefficient for time (t); 

0  is the regression coefficient value at age 50 (minimum observed age of age gradient 17); and 

  is a regression coefficient for age (a); 

 

Table A5: Regression coefficients used to estimate declining risks of disease with smoking cessation 

Disease γ0  η 

Coronary heart disease 17 0.24228 0.05822 

Stroke 17 0.31947 0.01648 

Chronic obstructive pulmonary disease 17 0.20333 0.03087 

Cancers   

Lung cancer 17 0.15637 0.02065 

Mouth and oropharyngeal cancer 17 0.0493028 0 

Oesophageal cancer 17 0.0537424 0 

Pancreatic cancer 17 0.09279 0 

Bladder cancer 17 0.05417 0 

Kidney cancer 17 0.0385957 0 

Stomach cancer 17 0.0264112 0 
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Liver cancer* 0.0525 0 

Cervical cancer* 0.0525 0 

Endometrial cancer* # 0.0525 0 

Melanoma* # 0.0525 0 

Thyroid cancer* # 0.0525 0 

* Estimated as average of all other cancers, excluding lung cancer. 

# For these diseases it is the decline in time of the protective effect – back to zero. 

Smoking prevalence 

Smoking prevalence was projected forward from 2011 (the baseline year for BODE3 analyses) under ‘no 

intervention’ and intervention scenarios, using a “NZ tobacco forecasting model”. This is a simple four-state 

Markov model (current smokers, former smokers, never smokers and dead) that we have described previously18 and 

with a post-2013 census update.19 The model uses observed data (population, mortality, smoker mortality risks and 

smoking prevalence) to determine background rates of cessation and uptake; these rates are then used in the model 

to project smoking prevalence forward in time under changing scenarios of uptake and cessation. 

But since there was no population-wide smoking prevalence data available for the baseline year of 2011, the 

prevalence of current, former, and never smoking by age, sex and ethnicity from the 2013 Census of Population and 

Dwellings was back-estimated to 2011 by removing the effect of the 10% tobacco excise tax increases that occurred 

in New Zealand on 1 January 2012 and 1 January 2013 (using the same procedure and age-specific price elasticities 

as described in Appendix A in the S2 File of the Blakely et al 2015 study.1 

These rates of uptake and cessation were then used as the basis for projecting smoking prevalence forward in time 

under intervention and no intervention scenarios to calculate the disease PIFs in Equation 3. The initial distribution 

of the 2011 former smokers according to time since cessation (   ftp in Equation 3) was also estimated by running 

the Markov model, Census data from 2006 to 2011. To estimate future tobacco prevalence uncertainty in the BAU 

model, we have assumed a larger uncertainty of 0.01 applied uniformly across all these parameters, rather than use 

the estimated SD for the initiation and cessation parameters (usually about 0.001). 

Model: Analysis 

For each intervention, the model was run 2000 times using Monte Carlo simulation. Probabilistic uncertainty that 

was included for intervention effect sizes (eg, the effect of the retail outlet restriction on travel time, price elasticities 

for smoking prevalence, relative risks association smoking with disease incidence), intervention costs (eg, cost of a 

new law to control retail outlets) and selected baseline parameters (ie, health system costs were assumed to be 

lognormal in distribution with a standard deviation of +/- 10%). We model higher price elasticities among Māori in 

the base or main model, with uncertainty. Namely, a 20% higher price elasticity for Māori, with SD 10% normal 

distribution. Uncertainty around the starting estimates of incidence and case-fatality have been included in the 

model. 2011 starting estimates have been assigned a log-normal distribution, SD 5%, with random draws in each 

iteration separately for incidence and case-fatality, by sex and age, but applied uniformly across ages (ie, 

independent uncertainty by sex and age, but 100% correlated uncertainty by age within sex by ethnic groups). We 

also included a number of scenario analyses (see main manuscript). 

All modelling was undertaken in Microsoft Excel, using the add-in tool Ersatz (EpiGear, Version 1.3) for 

uncertainty analysis. 
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Additional Results  

 

Table A6: Cigarette pack costs from increased travel costs and adult smoking prevalence in New Zealand for all the modelled tobacco retail outlet 

reduction interventions* 

Intervention (phased 
in over 10-years) 

Direct 
costs = 
Pack of 

20 
cigarettes 

in 2021 

Indirect costs = Total travel 
costs in 2021  

Notional cost of a pack in 
2021 = (pack + travel) 

Ratio: baseline 
National 
smoking 

prevalence 
in 2025** 

Percentage 
reduction in 

outlets 

  Rural 
Semi-
urban 

Urban Rural 
Semi-
urban 

Urban Rural 
Semi-
urban 

Urban 

Baseline 

$14.50 
(no 

change 
over the 
10 years 

assumed) 

$8.91 $6.22 $0.92 $23.41 $20.72 $15.42 1 1 1 9.9 0% 

Reduce total number 
of outlets by 95% 

$13.46 $8.56 $2.53 $27.96 $23.06 $17.03 1.2 1.1 1.1 9.6 95% 

Permit sales at only 
half the liquor stores 
(and nowhere else)  

$36.57 $15.71 $8.44 $51.07 $30.21 $22.94 2.2 1.5 1.5 9.1 94% 

Eliminate sales 
within 1km of 
schools 

$11.92 $7.93 $2.43 $26.42 $22.43 $16.93 1.1 1.1 1.1 9.7 89% 

Eliminate sales 
within 2km of 
schools 

$13.59 $11.28 $5.74 $28.09 $25.78 $20.24 1.2 1.2 1.3 9.3 96% 

* These are updated results relative to our previous work (Table 1 in Pearson et al Tobacco Control 2015;24(e1):e32-8) as we used a different starting price 

based on the top ten brands of tobacco (ie, NZ$14.50). All interventions were assumed to have a maximum of 50% of increased travel time attributed to buying 

tobacco; national smoking prevalence estimated using proportional population weighting by rural, semi-urban and urban areas. In the tobacco multi-state life-

table model incremental travel costs were weighted by the proportion of Māori and non-Māori in each area type to produce costs by ethnicity for each 

intervention and each year. 

** This year of 2025 was selected as it is the date proposed for the New Zealand Government’s smokefree nation goal. It represents the intervention effect to 

2021 and then another 5 years of business-as-usual trends. 
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Table A7: Health gains (in QALYs gained) and health system cost-savings for the four outlet reduction 

interventions in the total New Zealand population at a 6% discount rate (bracketed results give 95% 

uncertainty intervals) over 2011 population’s lifetime* 

 

Outlet reduction 

interventions Discount rate = 6% 

 QALYs gained 

Net health system cost-savings 

 (NZ$ million) 

“Reduce 95%” 2220 (1300 to 3540) $55.9 (31.4 to 90.5) 

“50% Liquor only” 6840 (4080 to 10,700) $172 (101 to 274) 

“1 km schools” 1750 (1030 to 2770) $44.2 (25.1 to 71.8) 

“2 km schools” 4890 (2860 to 7880) $123 (71.0 to 198) 

 

*All values rounded to three meaningful digits.  
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Sub-Appendix 1: Updated epidemiological inputs (2016) 

 

All the tables of the baseline epidemiological inputs into the BODE3 multi-state life-table models are detailed in the 

S2 File (Appendix C) of the Blakely et al 2015 study.1 Here however we show the results of updated values for 

COPD (as a result of additional work in early 2016 with DISMOD II). 

Table A1-1: Updated chronic obstructive pulmonary disease (COPD) input parameters 

 

Sex Ethnic group 
Age group 

(years) 

Incidence 

rate 

Case-fatality 

rate 
Prevalence 

Disability 

rate 

Male Māori 0-4 0.0 0.0000 0.0 0.138 

   5-9 0.0 0.0000 0.0 0.138 

   10-14 0.0 0.0000 0.0 0.138 

   15-19 41.4 0.0000 3.1 0.138 

   20-24 69.7 0.0000 5.8 0.138 

   25-29 103.6 0.0002 10.1 0.138 

   30-34 136.6 0.0012 15.9 0.138 

   35-39 197.5 0.0019 23.8 0.138 

   40-44 268.2 0.0017 34.9 0.138 

   45-49 385.7 0.0013 49.9 0.091 

   50-54 573.2 0.0016 71.9 0.091 

   55-59 776.5 0.0034 101.8 0.100 

   60-64 977.5 0.0070 137.6 0.100 

   65-69 1209.2 0.0103 177.7 0.110 

   70-74 1429.5 0.0170 219.9 0.110 

   75-79 1570.0 0.0255 257.7 0.107 

   80-84 1623.8 0.0318 287.2 0.107 

   85-89 1621.7 0.0386 308.0 0.096 

   90-94 1427.6 0.0476 314.1 0.096 

   95+ 558.2 0.0208 309.9 0.096 

Female Māori 0-4 0.0 0.0000 0.0 0.207 
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Sex Ethnic group 
Age group 

(years) 

Incidence 

rate 

Case-fatality 

rate 
Prevalence 

Disability 

rate 

   5-9 0.0 0.0000 0.0 0.207 

   10-14 0.0 0.0000 0.0 0.207 

   15-19 30.2 0.0000 2.2 0.207 

   20-24 51.5 0.0004 4.2 0.207 

   25-29 82.6 0.0015 7.5 0.207 

   30-34 124.7 0.0018 12.5 0.207 

   35-39 185.2 0.0016 19.9 0.207 

   40-44 257.0 0.0018 30.4 0.207 

   45-49 361.1 0.0022 44.7 0.148 

   50-54 491.1 0.0026 64.3 0.148 

   55-59 606.9 0.0051 88.4 0.155 

   60-64 750.7 0.0112 115.0 0.155 

   65-69 895.5 0.0157 143.2 0.158 

   70-74 1013.8 0.0226 171.0 0.158 

   75-79 1085.1 0.0293 194.3 0.138 

   80-84 1104.4 0.0307 213.4 0.138 

   85-89 1078.4 0.0289 230.1 0.105 

   90-94 954.4 0.0251 244.8 0.105 

   95+ 398.9 0.0115 253.6 0.105 

Male non-Māori 0-4 0.0 0.2231 0.0 0.135 

   5-9 0.0 0.0824 0.0 0.135 

   10-14 0.0 0.0000 0.0 0.135 

   15-19 29.0 0.0000 1.8 0.135 

   20-24 51.8 0.0000 3.8 0.135 

   25-29 77.1 0.0000 7.0 0.135 

   30-34 103.3 0.0001 11.5 0.135 

   35-39 131.6 0.0001 17.2 0.135 

   40-44 158.3 0.0002 24.3 0.135 

   45-49 208.8 0.0004 33.0 0.096 

   50-54 298.3 0.0006 45.0 0.096 

   55-59 411.0 0.0012 61.5 0.097 

   60-64 561.7 0.0028 83.2 0.097 

   65-69 753.4 0.0048 111.0 0.110 

   70-74 928.2 0.0083 144.3 0.110 

   75-79 1051.2 0.0139 178.4 0.109 

   80-84 1113.2 0.0216 208.5 0.109 

   85-89 1098.0 0.0328 228.8 0.110 

   90-94 1021.3 0.0483 233.8 0.110 

   95+ 916.5 0.0679 220.1 0.110 

Female non-Māori 0-4 0.0 0.1966 0.0 0.191 

   5-9 0.0 0.0740 0.0 0.191 

   10-14 0.0 0.0288 0.0 0.191 

   15-19 18.1 0.0357 1.0 0.191 

   20-24 33.4 0.0041 2.2 0.191 

   25-29 54.2 0.0000 4.3 0.191 

   30-34 82.4 0.0002 7.7 0.191 

   35-39 118.1 0.0002 12.6 0.191 

   40-44 162.9 0.0003 19.5 0.191 

   45-49 223.8 0.0005 28.8 0.105 

   50-54 296.7 0.0008 41.2 0.105 

   55-59 367.6 0.0018 56.7 0.102 

   60-64 443.3 0.0035 74.8 0.102 

   65-69 526.5 0.0052 95.3 0.110 

   70-74 601.0 0.0085 117.3 0.110 
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Sex Ethnic group 
Age group 

(years) 

Incidence 

rate 

Case-fatality 

rate 
Prevalence 

Disability 

rate 

   75-79 649.4 0.0131 138.6 0.112 

   80-84 665.6 0.0177 156.9 0.112 

   85-89 649.6 0.0234 170.6 0.102 

   90-94 603.9 0.0330 176.5 0.102 

    95+ 546.4 0.0446 172.2 0.102 

 

 

 


