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1. Mathematical derivations 

We adapted an existing extended cost-effectiveness analysis (ECEA) framework of tobacco 

taxation in China1 and developed it further in simulating and comparing two key policies: a large 

increase in excise taxes, raising the share of all applicable taxes of the retail price of tobacco 

products to 75%; and an implementation of total smoking bans in workplaces.  

The Chinese male population is divided into five-year age groups from age 0 to age 84, with an 

additional age group including everyone above age 85. We distinguish between the “current 

smokers” i.e. those individuals aged 15 and over, and the “future smokers” i.e. those individuals 

aged under 15. The population is also divided into income quintiles.  

For each tobacco control policy examined, we estimate, independently, at the population level: 

(i) the number of premature deaths averted due to smoking cessation;  

(ii) the net change in tax revenues; 

(iii) the financial risk protection provided to the population by preventing the out-of-pocket 

(OOP) medical expenditures related to treatment of tobacco-related disease, hence the associated 

numbers of cases of poverty averted and catastrophic health expenditures averted. 

 

1.1. Premature deaths averted 

Excise tax increase. At a given age 𝑎, the number of individuals who quit is driven by the 

participation elasticity (assumed to be half of price elasticity).1-3 The price elasticity, denoted 𝜀#,%, 

varies by income quintile 𝑞 and by age 𝑎. 𝜀 is assumed to be twice as large among the youth (15-

Ana
Text Box
J Global Health 2017;7:020701



	 2 

24 year-olds and the current under 15 year-olds; Table 1 in the main text).1-4 After price increase, 

the number of smokers then becomes: 

 

𝑆()*+,%,# = 1 + /
0
𝜀#,%∆𝑃 𝑆%3+4,%,# ,      (1) 

 

where 𝑆%3+4,%,# is the number of smokers in the age group	𝑎 and income quintile 𝑞 before price 

increase, and Δ𝑃 is the relative change in the retail price of cigarettes (here 75%, which raises the 

mean price per pack from $2.00 to $3.50; Table 1 in the main text).  

 

Workplace total bans. The number of individuals who quit at age 𝑎 is related to the relative 

reduction in smoking prevalence, denoted Δ𝑅 (9%; Table 1 in the main text), which we assumed 

not to vary by income quintile 𝑞 (nor by age 𝑎). After ban implementation, the number of smokers 

then becomes: 

 

𝑆()*+,%,# = 1 − Δ𝑅 𝑆%3+4,%,# ,      (2) 

 

where 𝑆%3+4,%,# is the number of smokers in the age group	𝑎 and income quintile 𝑞 before ban. 

 

Subsequently, for each policy, the number of premature deaths averted would be: 

 

𝐷%,# = 𝑆%3+4,%,# − 𝑆()*+,%,# 𝛿𝑅𝑅(𝑎) ,     (3) 
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where 𝛿 is the probability that a continuing smoker will die prematurely (0.50 according to Doll 

et al5) and 𝑅𝑅 𝑎  is the relative risk reduction of premature mortality depending on age at quitting 

𝑎. Based on the age-specific relative risk reductions from Doll et al,5 we modeled a continuous 

𝑅𝑅 𝑎  (for every five-year age group) among former smokers using cubic splines, which gave, for 

the age groups 0 − 5; 5 − 10; 10 − 15; 15 − 20; 20 − 25; 25 − 30; 30 − 35; 35 − 40; 40 −

45; 45 − 50; 50 − 55; 55 − 60; 60 − 65; 65 − 70; 70 − 75; 75 − 80; 80 − 85;> 85 , the 

vector:  

𝑅𝑅 𝑎 =

	{1; 1; 1; 0.97; 0.95; 0.92; 0.89; 0.87; 0.84; 0.79; 0.73; 0.63; 0.50; 0.36; 0.25; 0.16; 0.09; 0.05}. 

 

1.2. Net change in tax revenues 

Excise tax increase. After price increase and cigarette consumption reduction, the change in tax 

revenues in quintile 𝑞 is given by: 

 

𝑇𝑅# = 𝑆%3+4,%,#𝐶𝑖𝑔[𝑡0 1 + 𝜀#,%∆𝑃 − 𝑡/]% ,    (4) 

 

where	𝐶𝑖𝑔 is the number of cigarette packs consumed per individual per year, 𝑡/ is the tax share 

per cigarette pack before tax hike ($1.12 or 56% of $2.00), and 𝑡0 is the tax share per cigarette 

pack after tax hike ($2.63 or 75% of $3.50).  

 

Workplace total bans. After smoking prevalence reduction, the change in tax revenues in quintile 

𝑞 is given by: 
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𝑇𝑅# = 𝑆%3+4,%,#𝐶𝑖𝑔[𝑡/ 1 − ∆𝑅 ]% ,     (5) 

 

where we recall 𝑆%3+4,%,# is the number of smokers in the age group	𝑎 and income quintile 𝑞 before 

policy, and ∆𝑅 is the relative reduction in smoking prevalence.  

 

1.3. Financial risk protection 

From the number of tobacco-related premature deaths averted by each policy (estimated using 

equation (3) above), we derive the share of these deaths attributable to neoplasms, stroke, ischemic 

heart disease, and chronic obstructive pulmonary disease (see Table 1 in the main text). Then, 

based on these causes of death, we assign OOP treatment-related costs, accounting for healthcare 

utilization and reimbursement by insurance.6  

The OOP treatment-related costs averted in quintile 𝑞 are given by: 

 

𝑂𝑂𝑃# = 𝐷%,#% 𝑃S𝑢S,#𝑐S(1 − 𝑓)S  ,    (6) 

 

where 𝐷%,# is the number of premature deaths averted in quintile 𝑞 depending on age at quitting 𝑎, 

𝑃S is the share of disease	𝑑 to the total tobacco-related premature deaths, 𝑐S is the treatment cost 

of disease 𝑑, 𝑢S,# is healthcare utilization for disease 𝑑 in quintile 𝑞, and 𝑓 is the fraction 

reimbursed by insurance (48%; Table 1 in the main text). 

Subsequently, we estimated the number of poverty cases attributed to 𝑂𝑂𝑃# costs (equation (6) 

above) that would be averted by each policy. To do so, we counted the number of individuals for 

whom OOP direct medical costs 𝑐# = (1 − 𝑓)𝑐S would be incurred, which corresponded to 

𝐷%,#% 𝑃S𝑢S,#S  individuals. Among those individuals, we counted those for which: (i) 𝑦 > 𝑃Y, 
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and (ii) 𝑦 − 𝑐# < 𝑃Y, where 𝑃Y was the poverty line threshold and 𝑦 was their income. We used a 

poverty line threshold 𝑃Y of US$1.90 per day (or US$694 annually).  

Concerning 𝑦, as there was no income distribution readily available for China, we derived a 

simulated distribution of income drawn from a simulated gamma distribution8,9 whose shape and 

scale parameters were based on income per capita (US$3039, the mean of the distribution) and 

Gini coefficient (0.43, available from China’s National Bureau of Statistics and the World 

Bank).7,10 For each occurrence of OOP direct medical costs, we sampled an annual income 𝑦 

extracted from the income distribution. Subsequently, we could estimate the number of individuals 

(among those 𝐷%,#% 𝑃S𝑢S,#S ) for whom the size of OOP direct medical costs 𝑐# would push 

them under the poverty line threshold 𝑃Y. A poverty case was counted when first individual income 

was above the poverty line (𝑦 > 𝑃Y) and second individual income minus OOP direct medical costs 

was below the poverty line (𝑦 − 𝑐# < 𝑃Y). 

Likewise, we estimated the number of cases of catastrophic expenditures attributed to 𝑂𝑂𝑃# costs 

(equation (6) above) that would be averted by each policy. To do so, we counted the number of 

individuals for whom OOP direct medical costs 𝑐[ = (1 − 𝑓)𝑐S would be incurred, which 

corresponded to 𝐷%,#% 𝑃S𝑢S,#S  individuals. Among those individuals, we counted those for 

whom 𝑂𝑂𝑃# would exceed 10% of simulated annual income, i.e.: 𝑂𝑂𝑃# > 0.10 ∗ 𝑦.  
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2. Sensitivity analyses. 

Four sensitivity analyses were conducted to test key scenarios and parameters.  

First, for the excise tax increase, the model was run with a flat price elasticity across quintiles 

(Table S1). The results are presented and compared with the base case scenario (Table 1 in the 

main text) in Figure S1 below. 

 

Table S1. Flat price elasticity of demand for tobacco products by age group and income quintile, 
which was assumed in the sensitivity analysis. 

Age group Average Income 
quintile I 

Income 
quintile II 

Income 
quintile III 

Income 
quintile IV 

Income 
quintile V 

≥ 25 year-olds -0·38 -0·38 -0·38 -0·38 -0·38 -0·38 

15-24 year-olds -0·76 -0·76 -0·76 -0·76 -0·76 -0·76 

Future smokers 
i.e. under 15 

year-olds 
-0·76 -0·76 -0·76 -0·76 -0·76 -0·76 

	

 

Second, we tested the impact of brand switching by incorporating a parameter 𝑆], capturing the 

proportion of smokers (proportions of 𝑆] = 0.33 or 𝑆] = 0.75 were tested) who would respond 

to price increase by switching to a cheaper cigarette brand instead of quitting or decreasing 

consumption. In this situation, the number of smokers after retail price increase in age group 𝑎 in 

income quintile 𝑞 would become: 

 

𝑆()*+,%,# = 1 + /
0
𝜀#,%∆𝑃(1 − 𝑆]) 𝑆%3+4,%,# ,   (7) 
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where we recall 𝑆%3+4,%,# is the number of smokers in age group	𝑎 in income quintile 𝐽 without 

price increase, and ∆𝑃 is the relative change in the price of cigarettes. Furthermore, in a simple 

way (likely overestimation), the change in tax revenues in income quintile 𝑞 could be assumed as: 

 

𝑅# = 𝑆%3+4,%,#𝐶𝑖𝑔[𝑡0 1 + 𝜀#,%∆𝑃(1 − 𝑆]) − 𝑡/]% ,  (8) 

 

where we recall	𝐶𝑖𝑔 is the number of cigarette packs consumed per individual per year, 𝑡/ is the 

tax share per cigarette pack before tax hike, and 𝑡0 is the tax share per cigarette pack after tax hike. 

Here, we implicitly assume that the proportions of smokers who switch (𝑆]) would reduce the 

price elasticity of demand for tobacco products (to -0.27 and -0.10 for 𝑆] = 0.33 and 𝑆] = 0.75, 

respectively); and that the newer estimation of poverty cases averted would follow the newer 

formulation of premature deaths averted following (7). Further sensitivity analyses could have 

been pursued where switching would vary with income (i.e. 𝑆],#), yet the lack of empirical 

evidence prevented us to do so. The results are presented and compared with the base case scenario 

(Table 1 in the main text) in Figure 6 (main text). 

Third, for workplace total bans, we tested an alternative effect size assuming an absolute reduction 

in prevalence of 3.8% and a decrease in average consumption of 3.1 cigarettes per day among 

continuing smokers using a meta-analysis based on findings from four countries.11 In this case, the 

absolute reduction in prevalence was further adjusted to 2.2% accounting for the number of 

workplaces already having full smoking bans (i.e. 31%)12 and for the number of men under age 60 

employed (i.e. 82%).13 The results are presented and compared with the base case scenario in 

Figure S2. Insufficient evidence however prevented us from testing the impact of a differential 
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effect size per income quintile 𝑞. Hence, we pursued a sensitivity analysis where we decreased by 

50% the relative smoking prevalence reduction of 9.0% (base case scenario) in the bottom income 

quintile, accounting for the possibility that smokers in the bottom income quintile may not be 

employed in the formal sector where such smoking bans could be enacted. The results are 

presented and compared with the base case scenario in Figure S2. 

Fourth, for both excise tax increase and workplace smoking bans, we tested two alternative poverty 

thresholds of = 𝑈𝑆$1 and = 𝑈𝑆$3 per day, respectively. The results are presented and compared 

with the base case scenario in Figure S3 below. 
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Figure S1. Impact of a 75% increase in the retail price of cigarettes through excise tax (price 
elasticity of demand for cigarettes varying by income quintile, or either flat price elasticity) in 
China, per income quintile, on: the number of tobacco-related premature deaths averted (a); the 
net change in tax revenues collected on cigarette sales on current smokers (15 years of age and 
above) (b); the amount of out-of-pocket expenditures related to tobacco-related disease treatment 
costs averted (c); the number of tobacco-related poverty cases averted due to the prevention of out-
of-pocket tobacco-related disease treatment costs (d); and the number of averted cases of 
catastrophic expenditures due to the prevention of out-of-pocket tobacco-related disease treatment 
costs (e). 
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(c) (d)  
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Figure S2. Impact of workplace total smoking bans in China, per income quintile, on: the number 
of tobacco-related premature deaths averted (a); the net change in tax revenues collected on 
cigarette sales on current smokers (15 years of age and above) (b); the amount of out-of-pocket 
tobacco-related disease treatment costs averted (c); the number of tobacco-related poverty cases 
averted due to the prevention of out-of-pocket tobacco-related disease treatment costs (d); and the 
number of cases of catastrophic expenditures averted due to the prevention of out-of-pocket 
tobacco-related disease treatment costs (e). Three distinct effect sizes were tried: (1) relative 
smoking prevalence reduction of 9.0% (base case scenario); (2) absolute smoking prevalence 
reduction of 2.2% and absolute consumption reduction by 3.1 cigarettes per day (sensitivity 
analysis); and (3) relative smoking prevalence reduction of 4.5% in the bottom income quintile as 
opposed to 9.0% in all the other income quintiles.  
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(c) (d)  
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Figure S3. Impact of tobacco control policies (75% increase in the retail price of cigarettes through 
excise tax (a); workplace smoking total bans (b)) in China, per income quintile, on the number of 
tobacco-related poverty cases averted due to the prevention of out-of-pocket tobacco-related 
disease treatment costs, using three distinct poverty thresholds: US$1, US$1.90, and US$3 per 
day. 
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