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Abstract

Background

Countries are increasingly considering how to reduce or even end tobacco consumption,
and raising tobacco taxes is a potential strategy to achieve these goals. We estimated the
impacts on health, health inequalities, and health system costs of ongoing tobacco tax
increases (10% annually from 2011 to 2031, compared to no tax increases from 2011 [“busi-
ness as usual,” BAUJ), in a country (New Zealand) with large ethnic inequalities in smoking-
related and noncommunicable disease (NCD) burden.

Methods and Findings

We modeled 16 tobacco-related diseases in parallel, using rich national data by sex, age,
and ethnicity, to estimate undiscounted quality-adjusted life-years (QALYs) gained and net
health system costs over the remaining life of the 2011 population (n = 4.4 million). A total of
260,000 (95% uncertainty interval [UI]: 155,000-419,000) QALY's were gained among the
2011 cohort exposed to annual tobacco tax increases, compared to BAU, and cost savings
were US$2,550 million (95% Ul: US$1,480 to US$4,000). QALY gains and cost savings
took 50 y to peak, owing to such factors as the price sensitivity of youth and young adult
smokers. The QALY gains per capita were 3.7 times greater for Maori (indigenous popula-
tion) compared to non-Maori because of higher background smoking prevalence and price
sensitivity in Maori. Health inequalities measured by differences in 45+ y-old standardized
mortality rates between Maori and non-Maori were projected to be 2.31% (95% Ul: 1.49% to
3.41%) less in 2041 with ongoing tax rises, compared to BAU. Percentage reductions in
inequalities in 2041 were maximal for 45—64-y-old women (3.01%). As with all such model-
ing, there were limitations pertaining to the model structure and input parameters.
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Conclusions

Ongoing tobacco tax increases deliver sizeable health gains and health sector cost savings
and are likely to reduce health inequalities. However, if policy makers are to achieve more
rapid reductions in the NCD burden and health inequalities, they will also need to comple-
ment tobacco tax increases with additional tobacco control interventions focused on
cessation.

Introduction

Tobacco use is a leading risk factor for health loss internationally [1]. Therefore, reducing
tobacco use is a leading strategy proposed for achieving the global “25 x 25 NCD [noncommu-
nicable disease] mortality reduction targets” [2].

Tobacco taxation is an important tobacco control measure, with advantages that include (i)
being a typically well-established function of government, (ii) having a strong evidence-base
for effectiveness [3], and (iii) having the potential benefit of generating extra government reve-
nue that can then fund other aspects of tobacco or NCD control.

We identified 11 relevant studies on tobacco tax in which both a health impact and a costing
metric were estimated as outputs (see S1 Text). Most of these studies were for developed coun-
tries (six out of 11), four were for developing countries, and one was a mix. All studies reported
overall health gains from tobacco tax increases, and these were reported as either very cost-
effective or were cost saving. However, study methodologies varied greatly, e.g., in the use of
different discount rates and the different considerations around which costs were included.
Some studies considered cost offsets from tobacco-related diseases only, and only two studies
considered these as well as the health costs associated with extra life lived as a result of the tax
intervention (despite the latter probably being the most appropriate [4]). Also, none of the
studies considered repeated annual tobacco tax increases (even though these are increasingly
used internationally, e.g., in New Zealand (every year from 2010 to 2015 and planned to 2016
[5]), Australia (four increases legislated from 2013 [6]), and Germany (five increases in 2001-
2006 [7]). Indeed, to achieve marked reductions in tobacco-related disease, repeated tax
increases over many years are probably necessary.

Only three of the 11 relevant studies we identified considered differences in health gain by
sex, and for all these the gain was greater for men. Also, only one study considered socioeco-
nomic status (SES) [8], finding that the quality-adjusted life-years (QALYs) gained per person
were greatest in the lowest (least-educated) SES group.

Our background literature search (detailed in S1 Text) also identified six systematic reviews
on the impact of tobacco prices/taxes on equity that had been published since 2005. The two
most recent such reviews indicated that tobacco price/tax increases tended to have a positive
impact on equity (i.e., reduction in inequalities in smoking prevalence by SES) for both adults
[9] and youth [10]. The four other reviews also reported this same general pattern, albeit more
tentatively. However, despite this body of work on equity, we could not identify quantitative
assessment of the health gain (e.g., mortality rate differences by socioeconomic group) that
might arise as a result of regularly increased tobacco taxes.

These knowledge gaps in how tobacco taxes might work matter for governments that are
seeking incremental reductions in the tobacco epidemics in their country but are particularly
relevant to those aiming to achieve a tobacco “endgame” (e.g., Finland [11], Ireland [12],
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Scotland [13], multiple Pacific Island states [14], and New Zealand [15] currently have official
endgame targets). The latter countries particularly need to know how much of the potential
health gain from eliminating tobacco in a country can be achieved through tobacco tax
increases relative to “business as usual” (BAU) tobacco control measures.

New Zealand is a relatively informative setting in which to address the knowledge gaps out-
lined above. It has rich data on disease incidence and mortality by sociodemographics, includ-
ing attribution of publicly funded health care costs to individually linked health datasets. The
country is also characterized by marked health inequalities between the indigenous Maori
(15% of the total population) and non-Maori, with much higher Maori smoking prevalence
(33% compared to 14% for New Zealand Europeans in 2013 [16]), all-cause mortality rates
over twice as high for Maori [17], and a life expectancy gap of 7.3 y between Maori and non-
Maori in 2010-2012. Smoking is a major cause of health inequalities in New Zealand [18,19],
as is true in many other settings internationally. Furthermore, New Zealand has an endgame
goal for smoking [15] and is also implementing a program of regular tobacco tax increases (as
detailed above). Other than this particular program, it is a fairly typical high-income country
in terms of utilizing many other tobacco control measures, such as tight restrictions on tobacco
marketing, smoke-free laws for indoor environments (including bars and restaurants), restric-
tions on tobacco displays in retail outlets, provision of pictorial warnings on tobacco packag-
ing, the episodic (albeit low-budget [20]) use of mass media campaigns, and the provision of
subsidized smoking cessation support such as a national Quitline service.

Given this background, the objectives of this paper were to estimate the future impact of
annual tobacco tax increases of 10% per annum from 2011 to 2031 (as per a continuation of
the current New Zealand strategy), compared to no tax increases from 2011 (defined as the
BAU comparator in this paper), on the magnitude and timing of (i) health gains, (ii) changes
in net health system expenditure, and (iii) changes in health inequalities (while incorporating
uncertainty).

Methods
Overview of Modeling

The entire New Zealand population alive in 2011 was simulated to death in a life table that uses
projected all-cause mortality and morbidity rates by sex, age, and ethnicity (Maori and non-
Maori). In parallel, there were 16 tobacco-related disease life tables, in which proportions of the
population simultaneously reside: coronary heart disease, stroke, chronic obstructive pulmonary
disease (COPD), lower respiratory tract infection (LRTI), and multiple cancers: lung, esophageal,
stomach, liver, head and neck, pancreas, cervical, bladder, kidney, endometrial, melanoma, and
thyroid (with smoking protecting against the latter three cancers [21]). The proportion of the
population (by sex, age, and ethnicity) in each disease life table is a function of the disease inci-
dence (i.e., inflow) and case fatality (and remission for cancers) (i.e., outflow). An overview of
the model, as well as additional details about the methods, can be found in S2 Text.

The input data consists of BAU and “intervention” parameters (see S2 Text). The BAU
parameters include disease-specific epidemiological parameters (with projected trends to
2026), health system costs for different states as calculated for 2011, and projected future smok-
ing prevalence.

The intervention effect is captured through changes to BAU smoking prevalence from tax
increases acting through price elasticities of demand. The change in smoking prevalence is
then combined with relative risks for the smoking-incidence rate ratios to generate population
impact fractions (percentage reductions in future tobacco-related disease incidence) that alter
the inflow to the tobacco-related disease life tables.
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Modeling the future is inherently uncertain. For example, will past trends in initiation and
cessation rates and price elasticities apply into the future? We addressed this by specifying
uncertainty about most input parameters to the modeling. For relative risks of smoking to dis-
ease incidence, we used confidence intervals from relevant studies (but doubled their width in
scenario analyses). For other variables, we used the following generic approach to distributions
from which values are sampled in Monte Carlo simulations: a standard deviation (SD) of +/-
5% for reasonably certain variables (e.g., disease incidence rates in 2011); +/- 10% SD for mod-
erately uncertain variables (e.g., health system cost and morbidity); +/- 20% SD for more
uncertain variables when extrapolated to the future (e.g., price elasticities and BAU cessation
and initiation rates before any tax). Whilst it is important to include plausible uncertainty in
the modeling, it is also important to note that our uncertainty analyses are a scenario in and of
themselves.

The difference between the intervention and BAU scenarios is quantified as incremental
QALYs and health system costs (with uncertainty).

Input Parameters

BAU parameters. All input parameters are shown in Table 1. Each tobacco-related disease
had three parameters specified by each sex, age, and ethnicity in 2011: incidence, prevalence,
and case fatality (see “Appendix C” in S2 Text). Remission was assumed “zero” for noncancers
(except LRTTI) but specified as a fourth parameter for cancers. These parameters were calcu-
lated using DISMOD II [22], a tool that produces epidemiologically and mathematically coher-
ent sets of parameters for a given disease. The inputs into DISMOD were weighted based on
their “reliability”, e.g., full weight given to cancer incidence and population mortality rates due
to the high quality of data (see an example in “Appendix A” in S2 Text). Using the DISMOD
outputs for 2011, we additionally specified future annual percentage changes (to 2026 and then
no change) in cancer incidence, case fatality, and remission, using regression estimates of
trends from historic data. Trends in COPD incidence and case fatality until 2026 were difficult
to estimate because of 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, assumed
that this was split fifty-fifty between incidence and case fatality trends, and applied this uni-
formly to all four sex x ethnic group categories (given the recent similar relative reduction in
tobacco use by these groups). Trends in other disease incidence and case fatality were sourced
from the New Zealand Burden of Disease Study (NZBDS) [23].

Overall morbidity, by sex, age and ethnicity, was quantified in the model using the years of
life lived with disability (YLDs) from the NZBDS, divided by the population count to give
“prevalent” YLDs. Disease-specific morbidity was assigned in each disease state, as the total
comorbidity-adjusted YLDs for that disease divided by the prevalent population. The health
status valuations of these YLDs were disability weights derived from the Global Burden of Dis-
ease using pairwise comparisons from multicountry surveys [35], as opposed to, for example,
disutilities from the EuroQol.

Health system costs by sex and age group, in 2011 New Zealand dollars (see “Appendix D”
in S2 Text), were determined using individually linked data for publicly funded health events
occurring in 2006-2010 (hospitalizations, inpatient procedures, outpatients, pharmaceuticals,
laboratories, and expected primary care usage). Building on an existing framework [36] for
capturing the timing of health system costs, we assigned everyone “alive” in the model a sex
and age-specific annual cost of a citizen without a tobacco-related disease and not in the last 6
mo of life. We then assigned additional disease-specific excess costs for people in the first year
of diagnosis or in the last 6 mo of life if dying of the given disease and, otherwise, for prevalent
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Table 1. Input parameters.

Parameter

Baseline
Population

All-cause mortality rates

Disease-specific incidence,
prevalence, and case-fatality
rates (and remission rates)

Total morbidity per capita in
2011

Disease morbidity rate per capita

Health system costs

Tobacco smoking prevalence

Comment

Statistics New Zealand (SNZ) population estimates for
2011 by sex, age group, and ethnicity.

SNZ mortality rates by sex, age, and ethnicity for 2011.

For each tobacco-related disease, coherent sets (by
sex, age, and ethnicity) of incidence rates, prevalence,
case-fatality rates (CFR), and remission rates (zero for
noncancers, the complement of the CFR for cancers to
give the expected 5-y relative survival) were estimated
using DISMOD Il [22].

The per capita rate of years of life lived with disability
(YLD) from the NZBDS [23] by sex, age, and ethnicity.

Each disease was assigned a disability rate (DR; by sex
and age) equal to YLDs for that disease (scaled down
to adjust for comorbidities) from the 2006 NZBDS [23]
projected forward to 2011, divided by the disease
prevalence (above). This DR was assigned to the
proportion of the cohort in each disease state.

Linked health data (hospitalizations, inpatient
procedures, outpatients, pharmaceuticals, laboratories,
and expected primary care usage) for each individual in
New Zealand (NZ) for the period 2006—2010 had unit
costs assigned to each event, and then five health
system costs (NZ$2011; by strata of sex and age) were
estimated (see S2 Text).

As in the 2013 NZ census, back-estimated to 2011
using annual net cessation and initiation rates and
allowing for tax in 2011 to 2013 (using price elasticities
detailed below).

Trend, Uncertainty, and Any Scenario Analyses

Nil uncertainty.

Trend is equal to the weighted sum (weights = proportion
of deaths in 2011, by sex, age, and ethnicity) of trends for
each explicitly modeled disease (i.e., [incidence] + [case-
fatality]-[remission]), and the remaining causes of death
are consistent with long-run mortality trends [24] (annual
2.25% mortality decline for Maori and 1.75% per annum for
non-Maori). Trends were modeled out to 2026, with 0% per
annum decline for both ethnic groupings thereafter.
Uncertainty: nil. Scenario analysis: extend trends
indefinitely out beyond 2026.

Cancer incidence and CFR annual percentage change
(APC) trends based on historic trends [25,26], projected
out to 2026, then constant. (Future prevalence changes
dynamically with model.) Uncertainty: Starting in 2011,
rates all +/- 5% SD, correlations 1.0 between four

sex x ethnic group categories for all diseases. APC all +/-
0.5% SD normal, correlations 1.0 between 4 sex x ethnic
groups for all diseases. Scenario analyses: extend trends
indefinitely out beyond 2026; halve and double SD
uncertainty.

No trend (i.e., assumed constant into the future).
Uncertainty +/- 10% SD log-normal. Scenario analysis:
halve and double SD uncertainty.

No trend. Uncertainty: +/- 10% SD normal. Scenario
analysis: halve and double SD uncertainty.

No trend. Uncertainty: +/- 10% SD log-normal. Scenario
analysis: halve and double SD uncertainty.

BAU calculated using 2006 to 2013 census-derived trends
in initiation and net cessation rates (stripped of “tax effect”)
[16], projected out to the future.

Annual proportionate reductions in initiation age 20:

- Non-Maori: male 0.0339, female 0.0276

- Maori: male 0.0288, female 0.0322

Uncertainty: +/- 20% SD beta correlations 1.0 between four
sex x ethnic groups. Scenario analysis: halve and double
SD uncertainty.

Annual net cessation rates:

20-34 y of age:

- Non-Maori: male 0.0414, female 0.0554

- Maori: male 0.0393, female 0.0451

35-54 y of age:

- Non-Maori: male 0.0384, female 0.0431

- Maori: male 0.0369, female 0.0472

55+ y of age:

- Non-Maori: male 0.0722, female 0.0714

- Maori: male 0.0769, female 0.0699

Uncertainty: +/- 20% SD beta, correlations 1.0 between 12
sex x age x ethnic group categories. Scenario analysis:
halve and double SD uncertainty.

(Continued)
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Table 1. (Continued)

Parameter

Intervention
Cost of a law

Excise tax increase

Tobacco tax price elasticities

Relative risks for smoking and
disease incidence

doi:10.1371/journal.pmed.1001856.t001

Comment

Trend, Uncertainty, and Any Scenario Analyses

Cost of a new law in NZ to mandate the series of annual Uncertainty: gamma SD NZ$1.05 million in 2011 only
tax rises, NZ$3.54 million [27].

10%

Non-Maori

Annually from 2011 to 2031, with scenario analyses about
number of years. Uncertainty = +/- 10% (or 1 percentage
point of 10% excise tax) SD normal. Scenario analyses:
halve and double SD uncertainty.

: Price elasticities of -0.38 (for 15—20-y-olds),  No trend. Uncertainty: non-Maori, +/- 20% normal,

-0.29 (for 21—24-y-olds), -0.19 (for 25—-34-y-olds), and correlated 1.0 across four age groups; Maori absolute
-0.10 (for 35+ y-olds) for smoking prevalence were scalar of +20% within each age group, +/- 10% normal (i.e.,
applied in the year the tax rise was implemented 95% range of absolute scalar of 0.4% to 39.6%). Scenario
[5,16,28]. Maori: Within each iteration, we scaled up the  analyses: no ethnic scalar; halve and double SD

non-Maori

price elasticity by 20% for Maori, given uncertainty.

economic theory, the patterns in the international
literature for other social groupings [3,29], and some
New Zealand evidence for increased price sensitivity for
Maori [30,31].

Relative risks of disease incidence for the association of Standard errors of regression coefficients as published

current (or

ex-smoker) with never smoker were sourced  (and in S2 Text—log-normal). Scenario analyses: using

from NZ linked census-cancer [21] and census-mortality  higher cancer prevention study 2 (CPS 1) relative risks
[32] (censuses include smoking question) and CPS Il (RRs) for coronary heart disease (CHD) and stroke,
data for respiratory diseases [33]. Attenuation over time = compared to NZ RRs; double SD.

since quitti

ng for ex-smokers was modeled using

equations and coefficients from Hoogenveen et al. [34].

cases of each disease. We model costs over the lifetime of the cohort, including costs both
related and unrelated to the tobacco diseases modeled (meaning that increased longevity due
to tobacco control contributed to increased health system costs for some cohort members).

In parallel with the multistate life table, a BAU projection of future tobacco prevalence was
estimated assuming APCs in initiation (smoking rates age 20) and net cessation (by sex, age,
and ethnicity) between the 2006 and 2013 census (removing the tax effect from 2010 to 2013)
continued into the future, combined with mortality rates by smoking status, using methods
described previously [16,28].

Intervention parameters. The fixed annual 10% tax increase (as per the current New
Zealand situation) impacted on tobacco smoking prevalence through price elasticities,
whereby current smoker prevalence reduced by 3.8% for 15-20-y-old smokers compared to a
1.0% reduction among 35+ y-old smokers (due to lower price elasticities at older ages;

Table 1). This quitting effect applied in the year of tax rise only, consistent with other tobacco
tax models. Cumulative 10% tax increases resulted in the 2011 inflation adjusted pack price
increasing from NZ$14 in 2011 to NZ$37 in 2025 and NZ$58 in 2031, with pack prices
reflecting modest growth in the illegal market as per our previous work [5]. Theoretically, one
expects price elasticities to be greater among lower-income populations, and therefore one
would expect higher price elasticities among Maori compared to non-Maori. Whilst no direct
evidence exists, there are both indirect evidence (experimental studies of Maori and non-
Maori smoker intentions in New Zealand [30]) and parallel evidence (higher price elasticities
for food among Maori [31]).

Relative risks of the current-never smoker association were calculated from linked New
Zealand census-cancer data [21], linked census-mortality data for cardiovascular disease [32]
(assuming mortality rate ratios are the same as incidence rate ratios; scenario analyses using
Cancer Prevention Study cardiovascular disease relative risks [33] are presented in S2 Table),
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and elsewhere for COPD and LRTI [33]. Among ex-smokers, the current-never rate ratio was
specified to decay according to equations provided by Hoogenveen et al. [34] and assuming no
excess risk after 20 y.

This difference between BAU and “under tax” future tobacco prevalence projections (i.e.,
the difference between the two projections shown in Fig 1) was then mathematically combined
with the rate ratios to calculate population impact fractions and from there the percentage
reduction in incidence of each tobacco-related disease.

20% A
_ i :
A) QALY gained from Smo Ing cessation stops,
: . initiation continues
smoking cessation stops,
Initiation continues to Business as usual
15% A BAU= 3,150,000
§ e 10% additional tax per
et annum to 2031
2.
z No more tobacco smoking
= 0% from 2011
E (}
=
=
=
= B) QALYs gained from
3 BAU to 10% tax increase
= 260,000
5% A )
C) QALYs gained from ¢
10% p.a. tax increase to B o,
no more tobacco = . A
1,300,000 e e,
O% T T 1 T 1
2001 2011 2021 2031 2041 2051 2061

Fig 1. Future smoking prevalence in the New Zealand 2011 population by scenario and QALY gains between scenarios. QALY gained for areas
between the curves A, B, and C are undiscounted. QALY discounted at 3% are (A) 655,000, (B) 60,000, and (C) 388,000. “Smoking cessation stops,
initiation continues” = scenario of no further net smoking cessation among those already smoking in 2011, ongoing initiation of people aged up to 20 y of age
in 2011. The prevalence therefore increases up to 2031 in this closed cohort (due to new smokers outnumbering differential deaths by smoking status), then
declines over time because of aging of the population and the higher mortality rate of smokers. BAU = scenario of net cessation and initiation rate trends
observed between 2006 and 2013 censuses continuing into the future (tax effects removed), including differential mortality from smoking (i.e., additionally
allowing for higher mortality of current (and ex-) smokers that will also decrease prevalence).

doi:10.1371/journal.pmed.1001856.9001
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Model Validation

Our model is built with extensive and rich New Zealand epidemiological and costing data. The
epidemiological parameters of incidence, case fatality, and (for cancers) remission are also esti-
mated using epidemiological equations (i.e., DISMOD II, above) to be coherent. Nevertheless,
necessary structural assumptions (e.g., independence of disease incidence) may render the
model inaccurate. Therefore, we compared mortality rate and count outputs from the model
for various age groups with all trends set to zero and compared them to age-specific mortality
rates. There was reasonably close agreement for stroke, coronary heart disease, and lung cancer
(see “Appendix B” in S2 Text).

Modeling and Analysis

The scenarios were simulated 4,000 times in Microsoft Excel (with the Ersatz add-in, an exten-
sion to Excel that allows Monte Carlo simulation, uncertainty analysis, and other epidemiologi-
cal and health economic decision modeling functions (www.epigear.com)), with each
simulation involving a random draw from the probability density function about those param-
eters specified with uncertainty in Table 1. The two key outputs were QALYs and net health
system costs (which unless stated otherwise are incremental between BAU and the tax
intervention).

The net health system cost was the net of the intervention cost (cost of a new law) and any
difference in projected future health system expenditure, converted to United States dollars
using OECD purchasing power parity for 2011 (1.486 US$ to 1 NZ$).

Future mortality rates and, in particular, rate differences and ratios between Maori and
non-Maori were also extracted from the model to estimate changes in all-cause mortality
inequalities.

In addition to the intervention of interest (annual 10% tobacco tax increases) and the main
comparator (BAU projections of smoking prevalence), we also modeled two additional scenar-
ios to capture the full envelope of health gains possible with tobacco control: (A) no cessation
among those already smoking in 2011 and ongoing initiation for those aged less than 20 y in
2011 and (B) complete smoking cessation in 2011.

Results

Continuing the existing New Zealand policy of annual 10% increments in tobacco tax for the
whole 2011 to 2031 period gained an additional 260,000 QALY's compared to BAU (Fig 1;
60,400 discounted at 3%). A counterfactual scenario of no further smoking from 2011 (but
allowing for gradual transition of disease rates from current to never smoker rates) would result
in an additional 1,300,000 QALY (388,000 discounted at 3%) gained over and above the tax
scenario. Put another way, annual 10% tax increases could achieve 17% (= 260,000 / [260,000

+ 1,300,000]) of potential health gain from reducing tobacco use remaining beyond BAU.

Table 2 shows the QALY gains and health system costs averted for the tax intervention com-
pared to BAU, by sex, age, and ethnicity. QALY gain occurred particularly for Maori at 40% of
the total (105,000/260,000), despite Maori being only 15% of the population in 2011. That is,
there would be 3.7 times as much health gain per capita for Maori (155/42). By age, health gains
were largest for those aged less than 45 y in 2011 and minimal for those aged 65+ y in 2011.

By disease, 52.6% of QALY gains were through preventing COPD (with a similar mortality
and smoking relative risk to lung cancer but high incidence and prevalence), 9.2% through
CHD, 7.4% through stroke, and 26.0% through lung cancer (S1 Table; the contribution of
CHD increases to 15.9% in a scenario analysis using CPS II relative risks). Net health system
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Table 2. QALYs gained and health system costs (NZ$) averted from a 10% per annum increase in tobacco tax from 2011 to 2031, among the New
Zealand population alive in 2011 (0% discounting).

Non-Maori Maori Ethnic Groupings Combined
Sex and age QALYs Cost savings QALYs QALYs— Cost savings QALYs Net cost savings
(in 2011) (millions) Equityt (millions) (millions)
Sex and age groups 156,000 $2,550 ($1,460 105,000 156,000 $1220 ($738to 260,000 $3,770 ($2,200 to
combined (90,300 to to $4,060) (64,100 to (91,300 to $1,880) (155,000 to $5,940)
254,000) 163,000) 247,000) 419,000)
Men
0-14 y-olds 29,600 $604 29,100 44,700 $509 58,700 $1,110
15-24 y-olds 18,000 $321 11,900 18,400 $181 29,900 $502
25—44 y-olds 20,000 $285 7,840 12,500 $93 27,800 $378
45-64 y-olds 7,130 $81 1,620 2,870 $15 8,750 $97
65+ y-olds 323 $3.0 31 63 $0.4 353 $3.3
All ages 75,100 $1,290 50,500 78,600 $799 126,000 $2,090
Women
0-14 y-olds 26,100 $493 27,000 38,000 $252 53,200 $745
15-24 y-olds 14,900 $270 9,810 13,700 $83 24,700 $354
25-44 y-olds 22,100 $324 11,300 16,500 $67 33,400 $391
45-64 y-olds 15,900 $155 5,530 8,880 $21 21,400 $176
65+ y-olds 1,890 $12 359 638 $1.5 2,240 $14
All ages 80,900 $1,250 54,000 77,800 $425 135,000 $1,680
Per capita (QALYs/ 42 $683 155 232 $1,820 59 $856
1,000 people and $)

T Maori “QALYs—Equity” are calculated using non-Maori background mortality and morbidity rates so as not to “penalize” Maori because of worse
background mortality and morbidity.

¥ Includes both the cost offsets and intervention cost, the latter being the cost of a law (NZ$3.5 million, 95% Ul NZ$2.0 to NZ$6.2 million [27]) to introduce
tobacco taxes increases of 10% per annum to 2031, distributed pro rata across all people alive in 2011. The cost of a law was not partitioned by age, sex,
and ethnicity.

See S3 Table for uncertainty distributions.

doi:10.1371/journal.pmed.1001856.t002

savings were NZ$3,770 million (undiscounted; US$2,550 million, 95% UIL: US$1,480 to US
$4,000) over the remaining life of the 2011 cohort.

Table 2 also shows an “equity analysis” for Maori in which non-Maori background mortal-
ity and morbidity were used (so as to “value” potential health gains from preventing tobacco-
related diseases similarly between Maori and non-Maori [37]). The health gains for Maori
increased by 50% (105,000 to 156,000) and made the health gains per capita 5.5 times greater
for Maori than non-Maori (232/42).

While health gains began immediately, they still took around five decades to peak (Fig 2).
Net health system cost savings were over NZ$10 million per year by 2021 but also took five
decades to peak at around NZ$160 million per year in 2061 (Fig 3). More apparent with undis-
counted costs in Fig 3, annual health system savings became slightly negative late in the century
(due to people living longer from not smoking and therefore incurring health system costs).

Under BAU, the Maori and non-Maori standardized mortality rates for those aged above 45
y were projected as 3,143.8 and 1,700.5 per 100,000 in 2041 (Table 3). With tax, these mortality
rates would drop by 1.31% (95% UI 0.85% to 1.95%) and 0.47% (0.29% to 0.73%), respectively.
In parallel, the standardized rate difference comparing Maori to non-Maori declined from
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Fig 2. Projected QALYs gained by future year for 10% per annum tax increases from 2011 to 2031, by sex and ethnicity (in the 2011 cohort of the
New Zealand population without replacement). Similar graphs by age group in 2011 are shown in S1 Fig.

doi:10.1371/journal.pmed.1001856.9002

1,443.3 in BAU to 1,410.1 per 100,000 in the tax intervention (-2.31%), and the standardized
rate ratio (SRR) declined from 1.848 to 1.833 (-1.84% reduction in “excess” SRR, i.e., SRR-1).
Larger reductions in inequalities were seen for younger age groups and for women. The change
in inequalities also varied by time into the future (Fig 4 and Fig 5). Accordingly, approximately
3% reductions in absolute mortality inequalities by ethnicity might be achieved by tax for
deaths in women at 45-64 y of age at 30 to 40 y after the tax rises commence. By way of com-
parison, if all people stopped smoking in 2011, this resulted in similarly shaped graphs to those
in Fig 4 and Fig 5, but with reductions of absolute and relative inequalities of a third and a
quarter (respectively) for 45- to 64-y-old females.

Scenario analyses (see S2 Table) suggested that higher taxes, up to 20% per annum, would
lead to increased health gains by 92% (undiscounted QALYs: 499,000). Setting the Maori price
elasticity at the same as non-Maori (compared to 20% higher) would reduce the QALYs gained
for Maori by 16%. Halving the SDs around most parameters with uncertainty would roughly
halve the uncertainty interval (UI) ranges for both QALYs gained and net savings, and dou-
bling the SDs would roughly double the intervals but would not result in the 95% UI including
either health loss or increased net costs. By setting all morbidity parameters in the model and
the discount rate to zero, we estimated 246,000 life years saved for the 10% per annum tax
increase from 2011 to 2031 compared to BAU.
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Fig 3. Projected net health system cost savings by future year for 10% per annum tax increases from 2011 to 2031, by sex and ethnicity (in the
2011 cohort of the New Zealand population without replacement). Similar graphs by age group in 2011 are shown in S1 Fig.

doi:10.1371/journal.pmed.1001856.9003

Discussion
Main Results and Interpretation

This modeling was able to quantify sizeable health gains and net health system cost savings
arising from annual tax increases for 20 y (from 2011 to 2031)—consistent with the interna-
tional modeling literature for one-off price/tax increases. Although tobacco tax increases begin
to accrue immediate health gains and cost savings, the maximal health gains and cost savings
from tobacco tax occurred decades into the future. This is because smoking prevalence is
higher among younger age groups, the tobacco tax effect is greater among young people (i.e.,
higher price elasticity), and this younger cohort is decades away from their peak point of
benefiting from reduced rates of NCDs.

Our finding of net health system cost savings from reducing tobacco consumption adds to
the limited existing evidence, although some studies (Dutch in particular) tend to find that
reducing tobacco consumption actually increases costs as people live longer. However, these
studies also have a wider scope of what is included in health system costing that is subject to
debate, e.g., housing and living costs of residential care settings (see S1 Text).

A unique aspect of this study was the detailed quantification of health inequality impacts
from raising tobacco taxes. It is increasingly recognized that population-wide interventions to
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Table 3. Standardized all-cause mortality rates’ (per 100,000) projected to 2041 by sex, age, and ethnic groupings for tax and no tax to 2031 and
ethnic inequality measures (SRDs [per 100,000] and SRRs).

2041 under BAU

2041 with Tax

Percentage Decrease Post-tax (95% Simulation Interval)

Group Agein Rate SRD SRR Rate SRD SRR Rate SRD (Maori c.f. SRR * (Maori c.f.
2041 non-Maori) non-Maori)
Men
Maori 45-64 7171 4241 2447 705.3 4144 2424 -1.64% (-2.43% to  -2.29% (-3.39% to -1.60% (-2.38% to
-1.05%) -1.47%) -1.02%)
65-84 3,190.1 1,328.8 1.713 3,1589 1,305.6 1.704 -0.98% (-1.51%to  -1.76% (-2.71% to -1.34% (-2.08% to
-0.60%) -1.09%) -0.82%)
85+ 14,656.0 2,7629 1.232 14,6239 2,7441 1.231 -0.22% (-0.38% to  -0.68% (-1.25% to -0.57% (-1.08% to
-0.12%) -0.34%) -0.26%)
All 45+ 1,690.5 7208 1.743 1,673.0 7072 1.732 -1.08% (-1.57%to -1.89% (-2.84% to -1.49% (-2.25% to
-0.65%) -1.19%) -0.94%)
Non-Maori 45-64 293.0 290.9 -0.70% (-1.05% to
-0.44%)
65-84 1,861.2 1,853.3 -0.43% (-0.66% to
-0.25%)
85+ 11,893.2 11,879.9 -0.11% (-0.19% to
-0.06%)
All 45+ 969.6 965.7 -0.40% (-0.62% to
-0.24%)
Women
Maori 45-64 545.3 343.3 2.698 533.2 333.0 2.662 -2.22% (-3.26% to  -3.01% (-4.4% to -2.14% (-3.2% to
-1.46%) -1.97%) -1.36%)
65-84 2,890.5 1,543.1 2144 2,841.0 1,5025 2121 -1.71% (-2.56% to  -2.63% (-3.92% to -1.99% (-2.97% to
-1.11%) -1.70%) -1.27%)
85+ 13,062.8 2,779.3 1.270 12,978.9 2,717.7 1264 -0.64% (-1.04%to -2.23% (-3.65% to -2.02% (-3.32% to
-0.37%) -1.27%) -1.14%)
All 45+ 1,453.3 7225 1.987 1,4295 702.8 1.966 -1.64% (-2.43%to -2.73% (-4.04% to -2.17% (-3.22% to
-1.07%) -1.77%) -1.39%)
Non-Maori 45-64 202.0 200.2 -0.88% (-1.35% to
-0.55%)
65-84 1,347.4 1,338.5 -0.66% (-1.01% to
-0.40%)
85+ 10,283.4 10,261.2 -0.22% (-0.36% to
-0.12%)
All 45+ 730.8 726.7 -0.57% (-0.87% to
-0.35%)
Sexes
combined
Maori All 45+ 3,143.8 1,4433 1.848 3,1025 1,410.1 1.833 -1.31%(-1.95%to -2.31% (-3.41% to -1.84% (-2.73% to
-0.85%) -1.49%) -1.19%)
Non-Maori All 45+ 1,700.5 1,692.4 -0.47% (-0.73% to

T Age-standardized using WHO world population mean over 4,000 model simulations.

-0.29%)

" Percentage difference in excess SRR (i.e., SRR-1).

doi:10.1371/journal.pmed.1001856.t003

address risk factors for NCDs (e.g., high blood pressure, obesity, and smoking) tend to reduce
health inequalities [38,39]. Indeed, our findings were consistent with a “pro-health equity” ben-
efit for Maori and consistent with the other (albeit less-quantified) literature around tobacco
prices/taxes and equity (see S1 Text). Even so, we found that ongoing tobacco tax increases are
no panacea for reducing health inequalities given that they achieve only a 2%-3% reduction in
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Fig 4. Projected percentage changes in ethnic inequalities in all-cause mortality rates for 10% increases in tobacco tax per annum from 2011 to
2031—Standardized rate differences (SRD) in mortality. Rates are standardized to the WHO world population.

doi:10.1371/journal.pmed.1001856.9g004

future mortality inequalities by ethnicity. Hence, many programs across multiple risk factors
and diseases and upstream social determinants are needed to substantially reduce health
inequalities.

Generalizability of Findings

In countries with higher smoking prevalence than New Zealand and/or less rapidly diminish-
ing smoking prevalence trends under BAU, per capita health gains and cost savings would be
greater from a program of regular tobacco tax increases. Indeed, our results for the Maori pop-
ulation with relatively high smoking rates (33% in 2013 [16]) serve as an approximation for
populations elsewhere with high tobacco prevalence and disease rates.

These health gains will probably differ in jurisdictions where the “nicotine market” includes
electronic nicotine delivery systems (ENDS) (e.g., nicotine-containing electronic cigarettes).
Initially, coexistence of (possibly cheaper) substitutes for smoked tobacco may increase the
responsiveness to tax (i.e., increased price elasticity), increasing the effectiveness of tax. In the
long run, though, the absolute health and cost effects of tax in the presence of ENDS are diffi-
cult to predict. On the one hand, and if well regulated, ENDS in and of themselves may drive
the prevalence down quickly, leaving little marginal gain for additional taxes. On the other
hand, and if poorly regulated, ENDS may keep the smoking prevalence high because of nor-
malization and dual use, paradoxically making tax more effective (as there remains a large pool
of smokers).
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Fig 5. Projected percentage changes in ethnic inequalities in all-cause mortality rates for 10% increases in tobacco tax per annum from 2011 to
2031—Standardized rate ratios (SRR; percentage change in “excess” SRR or SRR-1). Rates are standardized to the WHO world population.
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In jurisdictions where some of the tobacco tax revenue is “recycled” into other tobacco con-
trol activities (e.g., California), there could be a compounding beneficial effect. In contrast, the
health gains might be less in jurisdictions where nontaxed smuggled tobacco is readily available
or where the climate suits homegrown tobacco production. The cost savings to a government
as a whole would also be less if jurisdictions had to spend more on enforcement around illegal
sales and on border control to limit smuggling as the prices of legal (taxed) tobacco kept rising.
Such costs could be funded from the additional tobacco tax revenue from higher tobacco taxes
(which we have estimated for New Zealand in a separate analysis [5]).

Study Strengths and Limitations

This modeling work benefited from rich local data (including country-specific relative risks for
smoking-related mortality), heterogeneity by ethnic group for inequality analyses, allowing for
decay of smoking effect post quitting among ex-smokers, and the quantification of timing of
health and cost impacts into the future. The costing data we used were particularly detailed,
including the cost of passing a new law to enable the program of tax increases and both for
related and unrelated health costs (to capture the costs of people living longer as a result of not
smoking). Such detail of cost allocation has rarely been achieved in other studies. Nevertheless,
future improvements to the New Zealand costing data are pending (e.g., scaling to better
match the national health accounts, incorporation of mental health and maternity data
[although this should make little difference to tobacco-related costing], and inclusion of dis-
ability support payments). These improvements will probably increase the absolute dollar
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amounts presented in this paper but are unlikely to alter the relative distribution by sociodemo-
graphics and time.

In addition to pending improvements to costing data, another potential limitation of this
study was the unchanging price elasticities at much higher tobacco prices. Although there is no
strong evidence to inform this issue, we note that price elasticities for much more expensive
drugs such as cocaine, heroin, and cannabis (range: -0.23 to -0.50) are similar to those for cur-
rent day tobacco [40]. We have also likely underestimated the health gains, as we do not
include “spillover" benefits of declining tobacco use such as reduced exposure to secondhand
smoke (still common in countries like New Zealand [41]) and increased denormalization of
smoking. Furthermore, we did not model the health benefits from reducing the number of ciga-
rettes smoked per day by smokers due to tax effects on nonquitters (though this might be coun-
tered by more intensive smoking of each cigarette consumed—for which there is some New
Zealand evidence for poorer smokers [42]).

Finally, “true uncertainty” will be wider than that shown in our Uls, as there are many nec-
essary structural assumptions for such long-run modeling forecasts. For example, we assume
(as do other tobacco models) that the effect of tobacco tax on cessation rates is only experi-
enced in the year of the tax increase. Also, a major global economic downturn could influence
smoker behavior in various ways, including via reducing tobacco affordability or changes in
the tobacco smuggling market.

Possible Implications for Further Research and for Policy

Additional country-specific research is warranted on price elasticity variation by age and social
groups, given these parameters are particularly critical to the impact of tobacco tax increases.
Similarly, how these elasticities might change because of cross-price elasticity effects via avail-
ability of electronic cigarettes/ENDS (as per Grace et al. [43]) and via changes in smuggling lev-
els warrants research. Also relevant is how tobacco tax increases might work in conjunction
with other tobacco control policies (e.g., intensive mass media campaigns) and the joint impact
of multiple NCD control interventions. In particular, there may be prohealth synergies between
the impact of alcohol taxes and tobacco taxes [44-46].

A broader societal perspective would also consider the economic benefit of preventing
tobacco-related morbidity and mortality of working-age adults. Such a perspective could also
encompass the issue of potential regressivity of increased tobacco taxes. That is, although
increased tobacco taxes may be “pro-health equity” overall, they may have mixed effects in terms
of increasing financial burden. Thus, for smokers who quit or cut down to the point of lower
tobacco spending, there will be likely financial benefits, but for smokers who continue to smoke
at the same level or higher, there will be increased risk of financial hardship from the higher
taxes. Governments could ameliorate the latter with targeting of more intensive smoking cessa-
tion support to this group of smokers or reducing their overall financial hardship in other ways
(e.g., improvements to employment opportunities, the minimum wage, or benefit payment lev-
els). Of note, however, is that other New Zealand modeling work suggests that the likely health
harm from tobacco-tax-related hardship is small compared to that from smoking itself [47].

Based on this modeling work, to achieve more rapid health gains and cost savings, tobacco
tax increases need to be complemented by other measures that achieve high cessation rates
among middle- and older-age smokers (e.g., well-designed mass media campaigns [48]). Taxa-
tion could also be combined with potentially novel strategies such as denicotinization of tobacco
[49], phasing down of tobacco retail outlets [50], or other proposed endgame strategies [51].
Countries taking an incremental approach to tobacco control might wish to select a mix of the
most cost-effective interventions (possibly a mix of tax increases and enhanced legal controls
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rather than more costly mass media campaigns). However, countries with endgame goals might
wish to apply all feasible interventions to ensure the goal is achieved on target—regardless of rel-
ative cost-effectiveness of specific interventions. Such a mix of interventions might actually result
in unexpected synergies that more rapidly accelerate progress towards the endgame goal.

Thinking more widely in terms of NCD prevention and global targets [2], in societies with
low and steadily declining smoking prevalence, other interventions that affect nearly everyone
(e.g., raising alcohol taxes and taxing unhealthy processed foods) may still have larger impacts
on population health than tobacco control programs. Indeed, our own modeling work on salt
reduction in the processed food supply would tend to suggest higher levels of health gain com-
pared to tobacco taxation [52]. Nevertheless, tobacco tax generates large health gains compared
to many widely accepted prevention programs (e.g., new vaccination programs [53]), should
reduce health inequalities, and is probably an essential component of any package of interven-
tions to reduce the NCD burden in both developed and developing countries.

In conclusion, this modeling work has suggested that ongoing tobacco tax increases deliver
sizeable health gains and health sector cost savings and are likely to reduce health inequalities.
However, if policy makers are to achieve more rapid reductions in the NCD burden and health
inequalities, they need to complement tobacco tax increases with additional tobacco control
interventions focused on cessation.
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Editors' Summary

Background

Worldwide, approximately 21% of the population aged 15 and above smoke cigarettes and
other tobacco products. However, tobacco is a killer. Half of all tobacco users die because
of cancer, lung disease, heart disease, or another tobacco-related disease. Tobacco caused
100 million deaths in the 20th century; if current trends continue, it could cause a many
more deaths in the 21st century. In response to this global tobacco epidemic, individual
countries are considering how to reduce or even end tobacco consumption (the “tobacco
endgame”), and international bodies have drawn up various tobacco control directives.
The World Health Organization, for example, has developed an international instrument
for tobacco control called the Framework Convention on Tobacco Control (FCTC). Coun-
tries that are party to the FCTC agree to implement a wide range of measures designed to
reduce tobacco use. For example, they agree to implement bans on tobacco advertising,
promotion, and sponsorship and to protect people from tobacco smoke exposure in public
spaces and indoor workplaces.

Why Was This Study Done?

An important tobacco control measure is the implementation of taxation policies aimed at
reducing tobacco consumption, promoting cessation, and preventing young people from
taking up smoking. But less is known about the impact on population health, health
inequality (higher rates of illness and death in specific parts of the population), and health
system costs of annual tobacco tax increases, a strategy that is being used or considered by
many countries. Here, the researchers estimate the impact of annual tobacco tax increases
compared with no tax increases in New Zealand using a mathematical approach called
multistate life table modeling. In New Zealand, a country that collects data on disease inci-
dence and mortality by sociodemographic status and has implemented annual tobacco
taxation increases since 2010, there are marked health inequalities between indigenous
Maori (15% of the population) and non-Maori residents. Smoking is a major cause of
these existing health inequalities (as in many other countries)—33% of Maori smoke com-
pared to 14% of New Zealand Europeans. A life table shows, for each age, the probability
that a person of that age will die before his or her next birthday.

What Did the Researchers Do and Find?

The researchers estimated quality-adjusted life-years (QALYs; a measure of disease burden
that includes both the quantity and quality of life lived) gained and net health system costs
over the remaining life of New Zealand’s 2011 population exposed to annual 10% tobacco
tax increases or to no tax increases by modeling 16 tobacco-related diseases in parallel
using national data on all-cause mortality and morbidity (illness). Compared to the 2011
population exposed to no tax increases, 260,000 QALY's were gained among the popula-
tion exposed to annual tax increases from 2011 to 2031 and followed up for the remainder
of their lives. The net health system cost savings associated with this intervention were
estimated at US$2,550 million over the remainder of the 2011 population’s life. Both the
health gains and cost savings began to accrue immediately but took five decades to peak.
The QALY gains per capita associated with annual tobacco tax increases were 3.7-fold
higher for Maori than for non-Maori because of higher smoking levels and price sensitivity
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among Maori (the tobacco purchasing behavior of Maori is affected more by the price of
tobacco than non-Maori because they have less disposable income). Finally, projected
health inequalities measured by the difference in mortality rates among Maori and non-
Maori aged 45+ y were 2.3% lower in 2041 with ongoing tax rises than with no tax rises.

What Do These Findings Mean?

These findings suggest that in New Zealand (and probably in other similar populations),
ongoing tobacco tax increases should deliver sizeable health gains and health system cost
savings and should modestly reduce health inequalities. Notably, the health gains and cost
savings will not peak for several decades because smoking is more common among youn-
ger age groups and the tobacco tax effect is greater among young people (who have limited
disposable income) but young people do not benefit maximally from reduced rates of
tobacco-related diseases for many decades. As with all modeling studies, the accuracy of
these findings depends on the assumptions built into the model and the data fed into it.
Overall, however, these findings support the use of annual increases of tobacco tax as a
way to improve population health, save health system costs, and reduce health inequalities
but suggest that policy makers will need to introduce other tobacco control interventions
focused on smoking cessation among middle-age to older smokers if they want to achieve
more rapid reductions in tobacco-related diseases and health inequalities.

Additional Information
This list of resources contains links that can be accessed when viewing the PDF on a device

or via the online version of the article at http://dx.doi.org/10.1371/journal.pmed.1001856.

o The World Health Organization provides information about the dangers of tobacco (in
several languages), about FCTC, and about tobacco control economics; its 2013 report
on the global tobacco epidemic is available

o The United States Centers for Disease Control and Prevention provides detailed infor-
mation about all aspects of smoking and tobacco use

o The United Kingdom National Health Services website provides information about the
health risks associated with smoking

o The UK campaigning public health not-for profit organization Action on Smoking and
Health (ASH) provides detailed information on tobacco taxation

« Information about tobacco control in New Zealand is available

o SmokeFree, a website provided by the UK National Health Service, offers advice on quit-
ting smoking and includes personal stories from people who have stopped smoking

o+ Smokefree.gov, from the US National Cancer Institute, offers online tools and resources
to help people quit smoking
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