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ABSTRACT  

Background and Aims: While the use of nicotine vaping products (NVPs) is widespread, 

their impact on smoking prevalence is controversial. This study considered the potential 

impact of NVPs on smoking prevalence in England.  

Design: Indirect simulation model.  The England SimSmoke model is validated through 2012, 

before NVP use became more widely used by smokers. Because information on NVP-related 

transitions is limited, an indirect method is used; the difference in observed smoking 

prevalence (reflecting NVPs) is compared with a 2012-2019 counterfactual No-NVP scenario 

(without NVPs) to estimate the impact of NVPs on smoking and smoking-attributable deaths.    

Setting: England, 2000-2019. 

Participants: Nationally representative sample of population. 

Measurements: England’s population, mortality rates, and smoking prevalence estimates 

from three national surveys and tobacco control policies.  

Findings: Between 2000 and 2012, SimSmoke projected a decline in age 18+ smoking 

prevalence of 23.5% in men and 27.0% in women. These projections, as well as those by 

specific age groups, were generally consistent with findings from the three national surveys. 

Comparing 2012-2019 relative reduction in age 18+ prevalence from the Annual Population 

Survey (males 27.5%) with the model-predicted No-NVP reduction (males 7.3%), the 

implied NVP-attributable relative reduction in adult smoking prevalence was 20.2% (95% CI, 
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18.8%-22.0%) for males and 20.4% (18.7%-22.2%) for females. The NVP-attributable 

reduction was 27.2% (22.8%-31.6%) for males and 31.7% (27.4%-36.5%) for females ages 

18-24 and 18.6% (15.2%-21.8%) for males and 15.0% (11.1%-18.8%) for females ages 25-

34, with similar reductions for ages 35 and above. The implied reduction in smoking 

prevalence between 2012 and 2019 equates to 165,660 (132,453-199,501) averted deaths by 

2052. Other surveys yielded smaller, but relatively consistent results. 

Conclusions: An indirect method of simulation modeling indicates that substantial reductions 

in smoking prevalence occurred in England from 2012 to 2019 coinciding with the growth in 

nicotine vaping product use.  

 

INTRODUCTION 

Nicotine vaping products (NVPs) represent a new generation of nicotine delivery 

products, which have become progressively more efficient in delivering nicotine to the user.1-

3 NVPs first came onto the market in 2009, but only gained popularity in 2012 when third 

generation vaping devices became available.4,5 While NVP use (“vaping”) has been found to 

help smokers to stop cigarette use (“smoking”),6-10 their impact on public health is more 

complex.11 Vaping improves public health when used by those who would have otherwise 

initiated smoking or who would not have otherwise quit smoking, and harms public health 

when used as a gateway to smoking or as a substitute for smoking cessation among those who 

would have stopped completely.11 The population level impact of NVPs on smoking remains 

unknown. 

Simulation modeling provides a virtual laboratory in which disparate sources of data 

can be combined to examine the effects of policies over time in complex social systems.12,13 

The SimSmoke tobacco control simulation model has been applied and validated for a wide 

range of countries,14-25 and was previously adapted to Great Britain.24 Great Britain 
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SimSmoke was used to estimate that increased cigarette taxes, strong smoke-free legislation, 

comprehensive cessation treatment, restricted tobacco marketing, limited youth access and 

strong health warnings implemented between 1998 and 2009 reduced smoking prevalence by 

23% and would avert 168,000 smoking-attributable deaths by 2040.  

This study extends the previous Great Britain model to more recent years, and 

considers the potential impact of NVPs on smoking prevalence and smoking-attributable 

deaths. Because tobacco control policies are more uniform in England and because the 

Smoking Toolkit Study data for England enabled us to better validate the model and measure 

policy inputs, we focus on England rather than Great Britain. England also has been one of 

the more active tobacco control nations, but has less restrictive policies towards NVPs than 

most other nations.26,27 As such, England provides a useful case study of the potential effects 

of NVPs in a country with strong tobacco control policies.28 

The ability to model the impact of NVPs in England as well as for other countries 

depends on picking apart a complex set of interactions.11 Short-term transitions involving 

NVPs must be distinguished from long-term transitions and smoking transitions that would 

have occurred in the absence of NVPs must be distinguished from those resulting from NVP 

use.11 In addition, these transitions may vary over time, due to the uncertain impact of 

innovations in NVPs (i.e., their disruptive nature) and changing NVP regulations. 

Consequently, the ability to explicitly model the direct and indirect impact of NVPs on 

smoking prevalence is limited.  

Rather than explicitly attempting to model NVP transitions, we have developed a 

novel, indirect method that does not involve explicitly modeling NVP use. To gauge the 

impact of NVPs on smoking, we first validated England SimSmoke over the period 2000 

through 2012. The 2012 cut-off was chosen, because last 30-day use of NVPs increased from 

3% of smokers and recent ex-smokers in 2011 to about 7% in 2012, and then increased to 
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about 18% in 2013 with the advent of third generation devices and maintained at that level 

through 2019.29 The validated model is then used to project the smoking prevalence during 

the post-2012 period. Because the model does not incorporate NVPs, the post-2012 

prediction of smoking rates serves as the No-NVP “counterfactual,” i.e., projected smoking 

prevalence in the absence of NVPs. The impact of NVPs is then estimated by comparing 

observed post-2012 survey trends in smoking prevalence with model predictions, since the 

surveys reflect any impact of vaping on smoking trends. Thereby, we indirectly infer the 

impact of NVPs on smoking prevalence and resulting smoking-attributable deaths.    

METHODS 

Model Overview 

SimSmoke includes separate components for population, smoking, smoking-

attributable death, and tobacco control policies.13,30,31 A discrete, first order Markov process 

is employed to project the population through deaths and immigration, and to project 

smoking via initiation, cessation and relapse. Tobacco control policies reduce initiation and 

increase cessation.  

A brief description of the model is presented below and in more depth in a 

Supplementary Report.  

Population and Smoking  

Projected and actual population estimates by age and gender were obtained from the 

UK Office of National Statistics (ONS).32 We incorporated net immigration32 and deaths,33 

distinguished by smoking status as described below.  

Data from the 2000 ONS Opinions and Lifestyle Survey (OPN)34 were used to 

distinguish current, former and never smokers in 2000. Current smokers were defined as 

individuals who “smoke cigarettes at all nowadays,” while former smokers do not currently 

smoke but smoked regularly in the past. Never smokers have never regularly smoked 
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cigarettes. 

SimSmoke uses smoking prevalence rates in the initial model year to estimate 

initiation rates net of quitting, measured as the difference between smoking prevalence at a 

given age and the previous age. Because smoking rates increased until age 25 for males and 

age 19 for females, net initiation was applied through those ages. Cessation is incorporated 

from the last age of net initiation. Data on past year quit rates by age groups were obtained 

from the 2000 OPN, measured as those who quit less or equal to one year, calculated as quit 

≤ 1 year/(current smokers + quit ≤ 1 year). Since data on relapse were not available for 

England, age and gender-specific relapse rates by years since quit were based on the rates for 

US smokers.35-37 

Smoking-attributable deaths are based on the excess death risks of current and former 

smokers compared with never smokers. Relative risks of current and former smokers38,39 are 

used to distinguish their corresponding deaths rates. The number of current smokers at each 

age is multiplied by the excess mortality risks (current smoker death rate minus never smoker 

death rate) and then summed over ages to obtain smoking attributable deaths for current 

smokers. The same procedure is applied to former smokers and summed with current 

smokers to obtain totals. 

Policy Effects 

Policy effect sizes are in terms of percentage changes in prevalence, initiation and 

cessation rates as shown in Table 1 and described further in a Supplementary Report. They 

are generally applied to smoking prevalence in the year when the policy is implemented and 

applied to initiation and cessation rates in future years if the policy is sustained.34 The effect 

of each newly implemented policy depends on the change from its previous level and is 

tracked from 2000 to 2019. Policy levels are based on MPOWER Reports40-44 and other 
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policy reports.28,45 The SimSmoke projections for males ages 16 and above and policies are 

shown in Figure 1. 

Changes in cigarette price are translated into changes in smoking prevalence through 

an equation dependent on price elasticities which vary by age.46 Cigarette prices and the 

consumer price index (CPI) for all household items for England for all years were obtained 

from ONS.47 Because studies indicate substantial cost minimizing strategies (i.e., substituting 

to lower price brands),48-51 we estimated prices actually paid by dividing average weekly 

smoking expenditures by consumption to obtain average spending per cigarette pack, using 

2007-2019 data from the Smoking Toolkit Study (STS).6,52,53 Cigarette prices were adjusted 

by the CPI.  

The smoke-free air laws include restriction on: 1) worksites, 2) restaurants, 3) pubs 

and bars, and 4) other public places, and incorporates enforcement. From weak initial laws in 

2000-2006, comprehensive smoke-free legislation covering workplaces and almost all 

enclosed public places were enacted in England in 2007,4 with enforcement set at the highest 

level.   

Media campaigns were set at a low level in 2000, then increased to a moderate level 

in 2004 and maintained at that level, with more campaigns and media expenditures averaging 

approximately 7 million pounds since 2007 in most years.54  

Marketing restrictions include both direct (advertising) and indirect (sponsorship and 

branding). In 2000, England had restrictions on broadcast advertising considered a minimal 

marketing ban. In February 2003, the Tobacco Advertising and Promotion Act 2002 came 

into effect, making it illegal to advertise tobacco products on billboards, newspapers, and 

magazines, considered a moderate ban. With restrictions on sponsorship and branding, the 

policy level was increased to a 50% moderate and 50% comprehensive marketing ban in 

2006. With the display of tobacco products in large shops banned in 2012, the levels were 
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increased to 20% moderate and 80% comprehensive marketing ban in 2012. This ban was 

extended to smaller shops in 2015,45 considered 10% moderate and 80% comprehensive 

marketing ban (some forms of sponsorship were still permitted). Based on MPOWER 

Reports, enforcement is set at the highest level.  

 Health warnings in England were considered at a 100% low level in 2000 (small text 

only), increasing to a 100% moderate level in 2004-2007 with warnings increased to 30% of 

the pack, and graphic warnings became mandatory in 2008 covering over 40% of the front 

and back, considered 10% moderate and 90% high level. In 2016, packs were required to 

have 65% of their principal display areas, considered 100% high level. Plain packaging was 

first introduced in May 2016 and implemented by May 2017. 

Cessation treatment policies include pharmacotherapy (PT) availability, financial 

coverage of treatments, quit lines and health care provider brief intervention. Nicotine 

replacement therapy became available at general stores or pharmacies without prescription 

since 2001. Bupropion became available in 2000 and varenicline in 2006, both by 

prescription. Based on MPOWER Reports, we set both behavioral and pharmacotherapy 

coverage at 25% (partial) in 2000, increasing to fully covered in 2003. The quit line is 

considered passive in 2000 and active with follow-up since 2001. Health care provider 

involvement, which includes asking about smoking, advising to quit and recommending 

effective cessation treatments, increased from 50% in 2000 to 75% in 2001, with the 

increased focus on cessation services.  

Youth access policy includes enforcement and publicity. The minimum purchase age 

for tobacco was raised from 16 to 18 in England in 2007. Youth access is set to no policy 

until 2008, and then maintained at a low enforcement level from 2009 onwards with 

publicity.  

Calibration, Validation and the Impact of NVPs 
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SimSmoke estimates two primary outcomes: smoking prevalence and smoking-

attributable deaths, both distinguished by age and gender. These outcomes are projected for 

the 2000 to 2019 observation period, and for future years 2020 through 2052.  

England SimSmoke was first calibrated by comparing the projected prevalence against 

reported smoking prevalence from OPN surveys through 2004, and then validated over the 

period through 2012. We compared the relative difference in smoking prevalence from 2000 

to 2012 (e.g., (prevalence 2012-prevalence 2000)/prevalence 2000), since 2000 levels vary 

across surveys. We also considered whether the 2012 model projections are within the 2012 

survey 95% confidence intervals where available. The comparisons are made by gender for 

those ages 18+ and for age groups available for each survey.  

Once validated, England SimSmoke was used to project the No-NVP counterfactual 

for 2012 to 2019 as described earlier. In developing the implied impact of NVPs, we compare 

the smoking prevalence from England SimSmoke (which does not incorporate NVP impact) 

to survey estimates. Because 2012 prevalence levels vary across surveys, we compare relative 

differences from 2012 to 2019 [i.e., (prevalence 2019-prevalence 2012)/prevalence 2012]. To 

assess uncertainty, we apply the upper and lower bounds of the confidence intervals of the 

2019 smoking prevalence from each survey. We then calculate the implied impact of NVPs 

by subtracting the relative change in smoking prevalence from 2012-2019 from SimSmoke to 

those from England surveys. Once obtaining the NVP-attributable reduction in smoking 

prevalence, we incorporated the individual effects of each survey back into SimSmoke as 

yearly adjustments in 2013-2019 to smoking prevalence (the NVP-adjusted SimSmoke) to 

estimate future outcomes by gender and age. The difference in smoking-attributable deaths 

between the NVP-adjusted SimSmoke and the No-NVP counterfactual is then used to estimate 

the implied impact of NVPs from 2012 through 2052. The analysis was not pre-registered and 

the results should be considered exploratory. 
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We used three national surveys to validate England SimSmoke and estimate the 

impact of NVPs on smoking prevalence: 2000-2019 Opinions and Lifestyle Survey (OPN),34 

2006-2019 Smoking Toolkit Study (STS),55 and 2010-2019 Annual Population Survey 

(APS).56 We focus on the APS and STS survey to estimate the impact of NVPs on smoking-

attributable deaths, because of the greater consistency of results across age groups and the 

larger sample size compared to OPN. In the Supplementary Report, we also applied the 

Health Survey for England. 

 

RESULTS 

Validation of Smoking Prevalence Prediction from 2000 to 2012  

 The England SimSmoke gender- and age-specific projection and estimates for 

smoking prevalence from the three surveys are presented in Table 2. SimSmoke predicted a 

relative reduction in smoking prevalence for adult males (females) age 16+ of 23.7% (27.2%) 

from 2000-2012. Over this same time period, OPN showed similar relative reductions of 

23.1% (28.4%). The STS was only available since 2007. Comparing over the years 2007-

2012, STS showed greater relative reductions for males than SimSmoke from 2007-2012 (-

8.4% vs. -4.7%), but the 2012 SimSmoke projection for males age 16+ were within the 2012 

STS 95% confidence interval. The 2012 SimSmoke male projection was also with the APS 

confidence intervals. While the age 16+ 2012 projections for females were nearly identical to 

the STS and OPN estimates, the 18+ projections were outside the APS 95% confidence 

intervals for females. 

SimSmoke also generally performed well in predicting smoking prevalence for most 

age groups. For males, all 2012 projections were within or close (within 0.1%) of the 2012 

confidence intervals, except males ages 55-64 using the APS. For females, the projections 

were within STS confidence intervals except for ages 25-44 and for the APS age groups 
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below age 45. 

Impact of NVPs on Smoking Prevalence Relative to a No-NVP Counterfactual 

To estimate the potential impact of NVPs, we compared the relative reductions in 

smoking prevalence over the period 2012-2019 from SimSmoke to survey estimates. The 

results with 95% confidence intervals shown in parentheses are presented in Table 3.  

For ages 18 and above, APS showed relative reductions in smoking prevalence of 

27.5% (95% CI=26.1%-29.4%) for males and 28.8% (27.1%-30.6%) for females, which 

implies NVP- attributable reductions of 20.2% (18.8%-22.0%) and 20.4% (18.4%-22.2%) 

compared to SimSmoke. For ages 16 and above, OPN indicated NVP-attributable reductions 

of 14.2% (4.2%-23.7%) for males and 14.6% (4.0%-25.2%) for females compared to 17.2% 

(14.0%-20.5%) for males and 12.8% (9.1%-16.5%) for females using STS. The 2019 No-

NVP adult projections were also outside the 95% confidence intervals of all surveys.  

The No-NVP projections were outside the 95% confidence intervals for all age groups 

using the APS and STS, except for females age 65+. We also considered NVP-attributable 

differences in smoking prevalence across age groups. For ages 18-24, APS NVP-attributable 

reductions in smoking prevalence were 27.2% (22.8%-31.6%) for males and 31.7% (27.4%-

36.5%) for females, compared to 11.2% (2.7%-19.7%) for males a3.5% (14.8%-32.3%) for 

females from STS ages 16-24. For ages 25-44, STS implied NVP-attributable reductions of 

20.2% (15.4%-25.0%) for males and 5.4% (-1.0%-11.7%) for females from STS, while APS 

implied NVP-attributable reductions of 18.6% (15.2%,21.8%) and 15.0% (11.1%-18.8%) for 

females ages 25-34 and of 22.9% (19.8%-26.4%) for males and 26.0% (22.8%-29.7%) for 

females ages 35-44. For ages 45-64, STS implied NVP-attributable reductions of 18.0% 

(11.9%-24.1%) for males and 13.4% (6.8%-20.0%) for females, while APS implied NVP-

attributable reductions of 22.0% (18.4%-25.6%) for males and 19.8% (16.6%-23.6%) for 

females ages 45-54 and of 15.2% (11.4%-18.9%) for males and 16.5% (12.8%-20.8%) for 
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females ages 55-64. For ages 65 and above, APS yielded a reduction of 13.6% (8.8%-18.3%) 

for males and 15.0% (10.6%-19.4%) for females, compared to 4.4% (-8.3%-17.1%) for males 

and 16.9% (7.3%-26.5%) for females from STS. OPN reported wider confidence intervals for 

comparable age categories.  

Impact of NVP Use During 2012-2019 on 2012-2052 Smoking-Attributable Deaths  

The number of smoking-attributable deaths in the No-NVP scenario and the NVP-

adjusted scenarios and the implied impact of vaping on smoking-attributable deaths are 

shown in Table 4. In 2019, SimSmoke with the APS adjustment for NVPs projected 26,315 

(25,769-26,852) male and 15,909 (15,547-16,252) female smoking-attributable deaths 

compared to 28,675 for males and 17,331 for females in the No-NVP (unadjusted) scenario, 

resulting in 2,360 (1,813-2,906) male and 1,423 (1,079-1,784) female deaths averted. 

Cumulatively over the period 2012-2052, the APS-adjusted model estimated 107,238 

(86,501-127,621) male and 58,422 (45,952-71,879) female deaths averted. Using the STS-

adjusted NVP impact for 2012-2052, SimSmoke estimated 87,102 (49,671-125,353) male and 

41,516 (17,143-66,326) female adding to a total of 128,617 (66,814-191,679) deaths averted. 

DISCUSSION 

 Due to the inherent uncertainty in ascertaining transitions to and from smoking 

involving NVP use, we have developed a novel, indirect method for gauging the impact of 

NVPs. England SimSmoke validated well through the year 2012, just before NVP use became 

more widespread. By comparing the projected trends in smoking from 2012-2019 (the No-

NVP counterfactual) to actual trends from three different surveys, we indirectly inferred the 

potential effects of NVPs on cigarette use. Based on this methodology, we estimated an 

implied NVP-attributable reduction in adult (18+) smoking prevalence of about 20.2% for 

males and 20.4% for females using the APS, the largest survey. The implied reductions were 

larger for the 18-24 age group, but otherwise relatively consistent across age groups.  
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The results indicate that NVPs played an important role in reducing smoking 

prevalence in England in 2012-2019. Other studies have found significant impacts of NVPs 

on smoking cessation52,57-63 and initiation64 in England. Based on a time-series analysis with a 

34.3% quit attempt rate of which 35.2% used e-cigarettes with a 6% increase in quit success 

rate and 5.4% increase in overall quit rate, Beard et al.52 estimated between 0.7% 

(34.3%×35.2%×6%) and 1% (18.5% smokers×5.4% quit rate per smoker) of smokers 

additionally quit as a consequence of e-cigarette use in 2017, similar to an earlier estimate.59 

The Beard et al. rates are lower than our annual estimated annual reduction of about 3% from 

APS and 2% from STS, but are based on data for 2017 before the relatively larger smoking 

reduction observed in 2018 and 2019 and do not incorporate any impact of NVP use on 

initiation, long-term relapse and quitting by other smokers. For example, contact with 

individuals using NVPs was found to increase the likelihood of smoker quit attempts and quit 

success.65 

We also estimated the impact of the 2012-2019 NVP-attributable reduction in 

smoking prevalence on smoking-attributable deaths. Based on the APS estimates, we 

projected 166,000 fewer smoking-attributable deaths from 2012-2052. While some of the 

reduction in smoking-attributable deaths will be offset by NVP-attributable deaths, the 

mortality risks of exclusive NVP use are expected to be substantially less than for smokers.66-

68 In addition, our estimates are only for the reduction in smoking prevalence inferred for 

NVP use during the years 2012-2019. Additional smoking-attributable deaths would be 

averted from any NVP-induced reduction in smoking after 2019, although those who had 

previously switched to NVPs or quit all use may also relapse back to smoking. 

Our results are subject to limitations. The results depend on the assumptions built into 

the model and the data used. The impact of NVPs is inferred based on the England SimSmoke 

projection of smoking prevalence in the absence of NVP but controlling for the impact of 



 

 
This article is protected by copyright. All rights reserved. 

new and previously implemented tobacco control policies. This method assumes that vaping 

was the only factor not modelled that would have substantially influenced smoking 

prevalence trends. However, the inferred impact of NVPs may also be due to other factors not 

incorporated into the model, such as changes in the effectiveness of policies, cigarette 

companies’ reactions to policies or changes in attitude toward risks as reflected by changes in 

alcohol consumption.69,70 Nevertheless, England SimSmoke was validated for years 2000-

2012 and generally performed well. In addition, SimSmoke14-25 has generally been well-

validated for other countries that have implemented a wide range of policies. 

The results also depend on a particular set of policy effect sizes that define the 

magnitude and time pattern of policy impacts. Over the post-2012 period (when NVPs 

became more prominent), the only substantial changes in tobacco control policy were 

cigarette prices, marketing restrictions and packaging, which were modelled. Using upper and 

lower bounds for policy effects (+/-50% of the policy effect, except +/- 25% for taxes) based 

on a literature review,71 we applied these bounds to policy changes in SimSmoke projections 

over the time period 2012-2019. The relative reduction in the adult smoking prevalence was 

7.3% (6.5%-8.1%) for males and 8.4% (7.5%- 9.2%) for females. Thus, the uncertainty 

regarding policy changes for 2012-2019 was found to contribute to only an 0.8% absolute 

variation in the male and female SimSmoke projections for 2019, thus having a relatively 

minor influence on the projected net impact of NVPs. For example, based on the APS, the 

implied NVP impact for males is 20.2%, thus implying 4% (0.8%/20.2%) of the variation. 

The effects were greatest for price, which alone contributed to 0.6% of the 0.8% deviation.  

We also considered different measures of policy levels. When we used an ONS 

cigarette price index (based on retail prices) instead of STS prices (based on prices paid) 

during 2007-2019, the inferred impact of NVPs on smoking prevalence was reduced in 

absolute terms by 4.1% (approximately half of the 7.3%-8.4 relative reduction due to 
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policies) in 2012-2019. In addition, two studies72,73 indicate that media campaigns were 

substantially reduced in 2010 (to what would be considered a low level). When we denoted a 

low instead of a moderate level media campaign in 2010-2019, the inferred impact of NVPs 

increased in absolute terms by 0.5% by 2019, thus implying a larger impact of NVPs on 

smoking.   

While we attribute a relatively small impact of the recent decline smoking prevalence 

to policies, strong cigarette-oriented policies in England both before and after 2012 may have 

played a major role by enhancing the impact of NVPs. In examining trends in smoking 

prevalence relative to a scenario where policies are maintained at 2000 levels, England 

SimSmoke projects that smoking prevalence had been reduced by about 29% between 2000 

and 2019 due to policies. Conducting the same analysis for the period 2012-2019, only 36% 

(2.7%/7.3%) of male and 33% (2.7%/8.4%) of the female relative reduction in smoking 

prevalence was attributable to policies. However, the effect of past and newly implemented 

cigarette-oriented policies may have been enhanced by the availability of NVPs, since 

smokers had a potentially viable alternative to cigarettes. For example, NVPs have been 

found to be a substitute for cigarettes in demand studies74-77 and NVPs have been used in 

England as an alternative by those having failed with traditional cessation treatments.6-9,78,79 

Thus, by providing a viable substitute for smoking, part of the impact of NVPs may be the 

indirect impact of making past and newly implemented cigarette-oriented policies more 

effective. 

Another limitation is that the NVP-attributable impacts depend of the accuracy of 

estimates from the surveys. Because the estimates of prevalence for a given year vary 

considerably among the surveys and in comparison to SimSmoke projections, we focused on 

relative reductions in smoking prevalence (i.e., relative to initial prevalence levels) from 

SimSmoke and from surveys. However, the relative reductions also varied substantially from 
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survey to survey, thus providing an indication of the uncertainty in our results. We also 

conducted a sensitivity analysis based on the 95% confidence intervals of the 2019 surveys 

estimates to further indicate the uncertainty in our estimates. We note that these estimates 

imply greater uncertainty for specific age groups, especially those at younger ages. Further, 

our validation in some cases depended on the year chosen for some surveys. When we 

examined the sensitivity of results to the initial and final year chosen for examining NVP-

attributable impacts (not discussed above), we obtained similar results using the years 2011, 

2012 and 2013 as the initial projection years, but results were more sensitive to the choice of 

the final projection year. For example, the STS male (female) smoking prevalence showed a 

relative reduction of 24% (21%) for 2012-2019 compared to a reduction of 15% (13%) for 

2012-2018 reduction. 

In conclusion, England provides a valuable case study because it already had strong 

tobacco control policies directed at smoking. Yet, our analysis indicates substantial 

reductions in smoking prevalence associated with NVP use observed for both genders and 

across all age groups. While our model does not distinguish the role of NVP-oriented from 

cigarette-oriented policies, the impact of NVPs may have been greater due to the strong 

cigarette-oriented policies working in tandem with relatively extensive, but proportionate 

NVP policies. Further research using models that explicitly incorporate NVP use and the 

resulting transitions to and from cigarette use and studies evaluating the impact of cigarette-

oriented vis-a-vis NVP-oriented policies can shed further light on the public health impact of 

NVPs. However, as new models that include NVPs transitions are developed, it will be 

important to compare the results from the different models in order to develop a better 

understanding of the impact of NVPs.  
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Table 1. Tobacco control policies, specifications and effect sizes applied in England 

SimSmoke 

Policy Description Policy Effect Size 

Cigarette Excise Taxes 

Cigarette price/tax 

The effect of taxes is directly incorporated through the 

average price after tax. The price elasticity is used to 

convert the price changes (%) into effect sizes. 

Elasticities 

-0.4 for ages 14-17 

-0.3 for ages 18-24 

-0.2 for ages 25-34 

-0.1 for ages 35-64 

-0.2 for ages 65+ 

Smoke-Free Air Laws 

Worksite smoking 

ban 

Ban in all indoor worksites, with strong enforcement of 

laws (reduced by 1/3 if allowed in ventilated areas and 

by 2/3 if allowed in common areas) 

-6% prevalence and 

initiation, +6% cessation 

Restaurant 

smoking ban 

Ban in all indoor restaurants (scaled for lower coverage), 

with strong enforcement of laws 

-2% prevalence and 

initiation, +2% cessation 

Pubs and bars 

smoking ban 

Ban in all indoor in pubs and bars (scaled for lower 

coverage), with strong enforcement of laws 

-1% prevalence and 

initiation, +1% cessation 

Other place bans 

Ban in 3 out of 4 government buildings (scaled for lower 

coverage), retail stores, public transportation, and 

elevators, with strong enforcement of laws 

-1% prevalence and 

initiation, +1% cessation 

Enforcement and 

Publicity 

Government agency enforces the laws and publicity via 

tobacco control campaigns 

Effects reduced 50% absent 

publicity and enforcement 

Media Campaigns 

High level media 

campaign 

Campaign publicized heavily with state and local 

programs with strong funding (>$0.50 USD)  

-6.5% prevalence and 

initiation, +6.5% cessation 

Medium level 

media campaign 

Campaign publicized  with funding of at least $0.10 

USD per capita 

-3.25% prevalence and 

initiation, +3.25% cessation 

Low level media 

campaign 

Campaign publicized only sporadically with minimal 

funding (<$0.10 USD per capita) 

-1.63% prevalence and 

initiation, +1.63% cessation 

Marketing Restrictions 

Comprehensive 

marketing ban 

Ban on all forms of direct advertising including point of 

sale and indirect marketing 

-5% prevalence, 

-8% initiation, 

+4% cessation 

Moderate 

marketing ban 

Ban on broadcast media, newspapers and billboards 

marketing and at least some indirect marketing 

(sponsorship, branding, giveaways) 

-3% prevalence, 

-4% initiation, 

+2% cessation 

Minimal 

marketing ban 
Ban on broadcast media advertising 

-1% prevalence and -1% 

initiation only 

Enforcement Government agency enforces the laws 
Effects reduced 50% absent 

enforcement 
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Health Warnings 

Additional impact 

of plain packaging 

with strong health 

warnings 

The outside of the package is drab, with brand and 

variant names appearing once on the front, top and 

bottom surfaces, and no inserts. 

-2% prevalence 

-2% initiation, 

+2% cessation 

High health 

warnings 

Labels are large, bold and graphic, and cover at least 

50% of pack 

-4% prevalence, 

-6% initiation, 

+10% cessation 

Moderate health 

warnings 
Laws cover at least 30% of package, not bold or graphic 

-2% prevalence, 

-2% initiation, 

+4% cessation 

Low health 

warnings 

Laws cover less than 30% of package, not bold or 

graphic 

-1% prevalence, 

-1% initiation, 

+2% cessation 

Cessation Treatment Policies 

Availability of 

pharmacotherapies 

Legality of nicotine replacement therapy and/or 

Bupropion and Varenicline 

-1% prevalence, 

+4% cessation 

Cessation 

treatment financial 

coverage 

Payments to cover pharmacotherapy and behavioral 

cessation treatment with high publicity (Effect size 

reduced by 12.5% with moderate publicity and 18.75% 

with low publicity)  

-2.25% prevalence, 

+8% cessation 

Quit line 

Three quit line types: passive, proactive and active with 

follow-up. (Effect size reduced by 1/3 if quit line is 

proactive, reduced by 2/3 if quit line passive). 

-1% prevalence, 

+6% cessation 

Brief interventions 
Advice by health care provider to quit and methods 

provided 

-1% prevalence, 

+6% cessation 

All cessation 

policies combined 

Complete availability and reimbursement of pharmaco- 

and behavioral treatments, quit lines, and brief 

interventions 

-5.68% prevalence, 

+29.4% cessation 

Youth Access Policies 

Strong 

enforcement & 

well publicized 

Compliance checks conducted 4 times per year per 

outlet, penalties are potent and enforced with heavy 

publicity  

-16% initiation and 

prevalence for ages 16-17 

and -24% for ages 10-15 

Moderate 

enforcement with 

some publicity 

Compliance checks conducted regularly, penalties are 

potent, and publicity and merchant training are included 

-8% initiation and 

prevalence ages 16-17 

and -12% for ages 10-15 

Low enforcement 
Compliance checks are conducted sporadically, penalties 

are weak  

-2% initiation and 

prevalence ages 16-17 

and -3% ages 10-15 

 

Note: Unless otherwise indicated, the effects are in terms of the reduction in prevalence 

during the first year, the reduction in initiation and increase in quit rates during future years 

that the policy is in effect.  
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Table 2. Validation of England SimSmoke current smoking prevalence (%) predictions 

against three national surveys,*1 by age and gender, 2000-2012 

Age  Source 2000 2007 2012 Percent 

change 

2000-

2007 

Percent 

change 

2007-

2012 

Percent 

change 

2000-

2012 

MALES 

16+ SimSmoke 28.6 23.5 21.8 -17.9% -4.7% -23.7% 

OPN 28.6 22.0 22.0 -23.1% -8.2% -23.1% 

STS  25.6 22.1  -8.4%  

95% CI   (21.3, 22.9)    

18+ SimSmoke 28.8 23.7 22.0 -17.6% -4.7% -23.5% 

APS   21.8    

95% CI   (21.4, 22.1)    

16-24 SimSmoke 33.1 26.7 24.8 -19.1% -4.4% -24.9% 

OPN 33.6 28.2 22.7 -16.1% -17.7% -32.4% 

STS  31.8 24.3  -14.3%  

95% CI   (22.3, 26.3)    

18-24 SimSmoke 35.7 29.2 27.0 -18.4% -4.6% -24.4% 

APS   27.4    

95% CI   (26.2, 28.6)    

25-34 SimSmoke 38.1 30.2 28.5 -20.8% -3.8% -25.3% 

APS age    28.8    

95% CI   (27.8, 29.8)    

35-44 

 

SimSmoke 32.0 27.0 26.3 -15.5% -2.6% -17.8% 

APS age    25.8    

95% CI   (24.9, 26.6)    

25-44 SimSmoke 35.1 29.1 27.4 -17.2% -3.7% -21.9% 

STS  30.4 29.0  -2.4%  

95% CI   (27.5, 30.5)    

35-59 SimSmoke 29.4 25.4 23.6 -13.7% -4.5% -19.7% 

 OPN 29.5 23.6 23.4 -20.0% -5.6% -20.8% 
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45-64 SimSmoke 26.4 22.7 21.5 -13.8% -3.8% -18.3% 

STS  24.9 20.7  -11.2%  

95% CI   (19.3, 22.1)    

45-54 SimSmoke 28.2 22.4 22.1 -20.5% -1.2% -21.5% 

APS    22.4    

95% CI   (21.6, 23.1) 95% CI   

55-64 

 

SimSmoke 24.1 21.3 20.8 -11.6% -2.2% -13.5% 

APS     18.7    

95% CI   (18.0, 19.5)    

45-64 SimSmoke 26.4 22.7 21.5 -13.8% -3.8% -18.3% 

STS  24.9 20.7  -11.2%  

95% CI   (19.3, 22.1)    

60+ SimSmoke 16.6 13.8 13.0 -17.2% -3.1% -21.8% 

OPN 15.9 12.3 13.0 -22.6% 1.6% -18.2% 

65+ SimSmoke 14.5 10.7 10.3 -26.4% -4.0% -29.2% 

STS  10.9 9.3  -7.3%  

95% CI   (7.9, 10.6)    

APS   10.5    

95% CI   (10.0, 11.0)    

FEMALES 

Age Source 2000 2007 2012 

Percent 

change 

2000-

2007 

Percent 

change 

2007-

2012 

Percent 

change 

2000-

2012 

16+ SimSmoke 24.9 19.9 18.1 -20.1% -5.8% -27.2% 

OPN 25.0 19.2 17.9 -23.2% -0.5% -28.4% 

STS  22.8 18.1  -15.0%  

95% CI   (17.3, 18.8)    

18+ SimSmoke 24.9 19.9 18.2 -19.9% -5.8% -27.0% 

APS   17.0    

95% CI   (16.7, 17.3)    

16-24 SimSmoke 31.5 25.6 23.6 -18.6% -4.8% -25.0% 
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OPN 32.2 26.2 21.7 -18.6% -7.3% -32.6% 

STS  33.8 22.2  -19.8%  

95% CI   (20.2, 24.3)    

18-24 SimSmoke 33.1 27.4 25.2 -17.3% -4.9% -23.8% 

APS   23.0    

95% CI   (22.0, 24.1)    

25-34 SimSmoke 31.8 25.9 24.6 -18.5% -3.6% -22.7% 

APS    20.7    

95% CI   (19.9, 21.5)    

35-44 SimSmoke   28.2 23.5 21.5 -16.6% -5.4% -24.0% 

APS   19.0    

95% CI   (18.3, 19.7)    

25-44 SimSmoke 30.0 24.6 23.0 -18.1% -4.4% -23.5% 

STS  26.1 20.6  -15.7%  

95% CI   (19.2, 21.9)    

35-59 SimSmoke 26.1 21.5 19.7 -17.7% -5.3% -24.5% 

 OPN 26.4 21.2 19.4 -20.0% -4.5% -26.6% 

45-54 SimSmoke  24.9 20.5 19.1 -17.4% -4.7% -23.1% 

APS    18.7    

95% CI   (18.0, 19.3)    

55-64 SimSmoke 22.3 17.2 15.7 -22.9% -6.5% -29.7% 

APS age   16.4    

95% CI   (15.8, 17.1)    

45-64 SimSmoke 23.7 18.9 17.6 -20.2% -5.2% -25.9% 

STS  21.8 18.3  -10.8%  

95% CI   (17.0, 19.6)    

60+ SimSmoke 15.8 11.7 10.2 -26.4% -8.1% -35.5% 

OPN 15.2 11.3 11.7 -25.7% 12.4% -23.0% 

65+ SimSmoke 14.3 10.2 8.9 -28.8% -9.0% -37.8% 

STS  11.3 10.9  -12.1%  

95% CI   (9.6, 12.2)    



 

 
This article is protected by copyright. All rights reserved. 

APS   9.0    

95% CI   (8.5, 9.4)    
 

1. Data from surveys are compared to England SimSmoke by matching age groups. For unmatched 

age groups, e.g. age 16 and above and age 18 and above, the SimSmoke projections for two age 

groups are provided.  

2. OPN is the Opinion and Lifestyle Survey conducted by UK Office of National Statistics, which 

defines smokers as those who smoke at all nowadays. 

3. STS is the Smoking Toolkit Study conducted by the British Market Research Bureau, which 

defines smokers as those who smoke cigarettes every day or not every day. 

4. APS is the Annual Population Survey conducted by UK Office of National Statistics, which 

defines smokers as those who smoke at all nowadays. 
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Table 3. Smoking prevalence (%) predictions from unadjusted England SimSmoke 

model compared to three national surveys, by age group and gender, 2012-2019 

Age Source 2012 2019 Relative 

reduction in 

2012-2019 

Difference 

from 

SimSmoke 

2012-2019 

MALES 

16 and above 

  

  

  

  

SimSmoke 21.8 20.2 7.2% 
 

OPN 22.0 17.3 21.4% 14.2% 

95% CI 
 

(15.2, 19.5) (11.4%, 30.9%) (4.2%, 23.7%) 

STS 22.1 16.7 24.4% 17.2% 

95% CI (21.3, 22.9) (16.0, 17.4) (21.1%, 27.7%) (14.0%, 20.5%) 

18 and above 

  

  

SimSmoke 22.0 20.4 7.3% 
 

APS 21.8 15.8 27.5% 20.2% 

95% CI (21.4, 22.1) (15.4, 16.1) (26.1%, 29.4%) (18.8%, 22.0%) 

16-24 

  

  

  

  

SimSmoke 24.8 23.1 6.8% 
 

OPN 22.7 22.1 2.6% -4.1% 

95% CI 
 

(12.9, 31.3) (-37.9%, 43.2%) (-44.7%, 36.4%) 

STS 24.3 19.9 18.0% 11.2% 

95% CI (22.3, 26.3) (17.9, 22.0) (9.5%, 26.5%) (2.7%, 19.7%) 

18-24 

  

  

SimSmoke 27.0 25.1 7.1% 
 

APS 27.4 18.0 34.3% 27.2% 

95% CI (26.2, 28.6) (16.8, 19.2) (29.9%, 38.7%) (22.8%, 31.6%) 

25-34 

  

  

  

  

SimSmoke 28.5 26.6 6.7% 
 

OPN 31.6 24.7 21.8% 15.1% 

95% CI 
 

(16.6, 32.8) (-3.8%, 47.5%) (-10.5%, 40.8%) 

APS 28.8 21.5 25.3% 18.6% 

95% CI (27.8, 29.8) (20.6, 22.5) (21.9%, 28.5%) (15.2%, 21.8%) 

35-44 

  

  

SimSmoke 26.3 24.6 6.6%  

APS 25.8 18.2 29.5% 22.9% 

95% CI (24.9, 26.6) (17.3, 19.0) (26.4%, 32.9%) (19.8%, 26.4%) 

25-44 SimSmoke 27.4 25.7 6.3% 
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STS 29.0 21.3 26.5% 20.2% 

95% CI (27.5, 30.5) (19.9, 22.7) (21.7%, 31.3%) (15.4%, 25.0%) 

35-49 

  

  

SimSmoke 25.3 24.0 5.1% 
 

OPN 24.3 17.2 29.2% 24.1% 

95% CI 
 

(12.6, 21.7) (10.7%, 48.1%) (5.6%, 43.1%) 

35-59 

  

SimSmoke 23.6 22.3 5.5% 
 

OPN 23.4 18.2 22.2% 16.7% 

45-54 

  

  

SimSmoke 22.1 22.0 0.7% 
 

APS 22.4 17.3 22.8% 22.0% 

95% CI (21.6, 23.1) (16.5, 18.1) (19.2%, 26.3%) (18.4%, 25.6%) 

55-64 

  

  

SimSmoke 20.8 18.8 9.4%  

APS 18.7 14.1 24.6% 15.2% 

95% CI (18.0, 19.5) (13.4, 14.8) (20.9%, 28.3%) (11.4%, 18.9%) 

45-64 

  

  

SimSmoke 21.5 20.5 4.8% 
 

STS 20.7 16.0 22.8% 18.0% 

95% CI (19.3, 22.1) (14.7, 17.3) (16.7%, 28.9%) (11.9%, 24.1%) 

50-59 

  

  

SimSmoke 20.7 20.0 3.5% 
 

OPN 21.9 19.7 10.0% 6.6% 

95% CI 
 

(14.6, 24.9) (-13.7%, 33.3%) (-17.2%, 29.9%) 

60 and above 

  

  

SimSmoke 13.0 11.8 9.2% 
 

OPN 13.0 9.5 26.9% 17.7% 

95% CI 
 

(7.5, 11.4) (12.3%, 42.3%) (3.1%, 33.1%) 

65 and above 

  

  

  

  

SimSmoke 10.3 9.6 6.4% 
 

STS 9.3 8.3 10.8% 4.4% 

95% CI (7.9, 10.6) (7.1, 9.4) (-1.9%, 23.5%) (-8.3%, 17.1%) 

APS 10.5 8.4 20.0% 13.6% 

95% CI (10.0, 11.0) (7.9, 8.9) (15.2%, 24.8%) (8.8%, 18.3%) 

FEMALES 

16 and above 

  

  

SimSmoke 18.1 16.6 8.3% 
 

OPN 17.9 13.8 22.9% 14.6% 

95% CI 
 

(11.9, 15.7) (12.3%, 33.5%) (4.0%, 25.2%) 
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STS 18.1 14.2 21.1% 12.8% 

95% CI (17.3, 18.8) (13.6, 14.9) (17.4%, 24.8%) (9.1%, 16.5%) 

18 and above 

  

  

SimSmoke 18.2 16.6 8.4% 
 

APS 17.0 12.1 28.8% 20.4% 

95% CI (16.7, 17.3) (11.8, 12.4) (27.1%, 30.6%) (18.7%, 22.2%) 

16-24 

  

  

  

  

SimSmoke 23.6 22.0 7.0% 
 

OPN 21.7 16.2 25.3% 18.4% 

95% CI 
 

(8.4, 24.1) (-11.1%, 61.3%) (-18.0%, 54.3%) 

STS 22.2 15.5 30.5% 23.5% 

95% CI (20.2, 24.3) (13.5, 17.4) (21.8%, 39.2%) (14.8%, 32.3%) 

18-24 

  

  

SimSmoke 25.2 23.4 7.4% 
 

APS 23.0 14.0 39.1% 31.7% 

95% CI (22.0, 24.1) (12.9, 15.0) (34.8%, 43.9%) (27.4%, 36.5%) 

25-34 

  

  

  

  

SimSmoke 24.6 22.9 6.8% 
 

OPN 21.8 21.2 2.8% -4.0% 

95% CI 
 

(14.4, 28.0) (-28.4%, 33.9%) (-35.2%, 27.2%) 

APS 20.7 16.2 21.7% 15.0% 

95% CI (19.9, 21.5) (15.4, 17.0) (17.9%, 25.6%) (11.1%, 18.8%) 

35-44 

  

  

SimSmoke 21.5 19.9 7.2%  

APS 19.0 12.7 33.2% 26.0% 

95% CI (18.3, 19.7) (12.0, 13.3) (30.0%, 36.8%) (22.8%, 29.7%) 

25-44 

  

  

SimSmoke 23.0 21.5 6.3% 
 

STS 20.6 18.2 11.6% 5.4% 

95% CI (19.2, 21.9) (16.9, 19.5) (5.3%, 18.0%) (-1.0%, 11.7%) 

35-49 

  

  

SimSmoke 20.8 19.4 6.9% 
 

OPN 20.6 13.8 33.0% 26.1% 

95% CI 
 

(9.2, 18.4) (10.7%, 55.3%) (3.8%, 48.5%) 

45-54 

  

  

SimSmoke 19.1 18.0 5.8% 
 

APS 18.7 13.9 25.7% 19.8% 

95% CI (18.0, 19.3) (13.2, 14.5) (22.5%, 29.4%) (16.6%, 23.6%) 

55-64 SimSmoke 15.7 14.7 6.1%  
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APS 16.4 12.7 22.6% 16.5% 

95% CI (15.8, 17.1) (12.0, 13.3) (18.9%, 26.8%) (12.8%, 20.8%) 

45-64 

  

  

  

SimSmoke 17.6 16.5 6.4% 
 

STS 18.3 14.7 19.8% 13.4% 

95% CI (17.0, 19.6) (13.5, 15.9) (13.1%, 26.4%) (6.8%, 20.0%) 

50-59 

  

  

SimSmoke 17.7 16.6 6.5% 
 

OPN 17.4 14.0 19.5% 13.1% 

95% CI 
 

(9.9, 18.1) (-4.0%, 43.1%) (-10.5%, 36.6%) 

60 and above 

  

  

SimSmoke 10.2 9.2 10.4% 
 

OPN 11.7 8.6 26.5% 16.1% 

95% CI 
 

(7.0, 10.1) (13.7%, 40.2%) (3.3%, 29.8%) 

65 and above 

  

  

  

  

SimSmoke 8.9 7.9 11.7% 
 

STS 10.9 7.8 28.6% 16.9% 

95% CI (9.6, 12.2) (6.7, 8.8) (19.0%, 38.2%) (7.3%, 26.5%) 

APS 9.0 6.6 26.7% 15.0% 

95% CI (8.5, 9.4) (6.2, 7.0) (22.2%, 31.1%) (10.6%, 19.4%) 

 

1. OPN is the Opinion and Lifestyle Survey conducted by UK Office of National Statistics 

(ONS), which defines smokers as those who smoke at all nowadays. 

2. STS is the Smoking Toolkit Study conducted by the British Market Research Bureau, which 

defines smokers as those who smoke cigarettes (including hand-rolled) every day or not every 

day. 

3. APS is the Annual Population Survey conducted by UK Office of National Statistics, which 

defines smokers as those who smoke at all nowadays. 

4. APS age 25-44, 45-64 and ONS 35-59 age are combined from smaller age groups (35-34, 35-

44, 45-54, 55-64, 35-49, 50-59), and no 95% CI is available for them. 
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Table 4. Projected smoking-attributable deaths and deaths averted, unadjusted England 

SimSmoke compared to STS and APS NVP-adjusted England SimSmoke, by gender, 2012-

2052 

Gender Measure* Adjustment 2012 2019 2032 2052 

Total 

2012-

2019 

Total 2012-

2052 

Male 

 

 

 

 

Smoking-

attributable 

deaths 

 

 

Unadjusted**  27,659   28,675   27,968   23,111   226,162   1,103,472  

STS-adjusted  27,659   27,048   25,385   20,757   219,734   1,016,370  

95% CI 
- (25,838, 

28,243)  

(24,287, 

26,460)  

(19,950, 

21,549)  

 (214,522, 

224,731)  

 (978,119, 

1,053,801)  

APS-adjusted  27,659   26,315   24,841   20,275   216,540   996,235  

95% CI 
- (25,769, 

26,862)  

(24,251, 

25,438)  

(19,790, 

20,778)  

 (214,191, 

218,863)  

 (975,851, 

1,016,971)  

Deaths 

averted* 

 

STS-adjusted -  1,627   2,582   2,354   6,429   87,102  

95% CI 
-  (432, 

2,837)  

 (1,508, 

3,681)  

 (1,561, 

3,161)  

 (1,431, 

11,640)  

 (49,671, 

125,353)  

APS-adjusted -  2,360   3,127   2,836   9,622   107,238  

95% CI 
-  (1,813, 

2,906)  

 (2,530, 

3,716)  

 (2,332, 

3,320)  

 (7,299, 

11,971)  

 (86,501, 

127,621)  

Female 

 

 

 

 

Smoking-

attributable 

deaths 

 

 

Unadjusted**  18,136   17,331   16,665   14,738   141,957   674,943  

STS-adjusted  18,136   16,047   15,458   13,843   136,532   633,428  

95% CI 
- (15,318, 

16,768)  

(14,741, 

16,163)  

(13,280, 

14,398)  

 (133,323, 

139,609)  

 (608,618, 

657,800)  

APS-adjusted  18,136   15,909   15,001   13,180   136,049   616,521  

95% CI 
- (15,547, 

16,252)  

 14,613, 

15,359)  

(12,849, 

13,485)  

 (134,481, 

137,525)  

 (603,064, 

628,991)  

Deaths 

averted* 

 

STS-adjusted -  1,284   1,207   895   5,425   41,516  

95% CI 
-  (563, 

2,013)  

 (503, 

1,924)  

 (339, 

1,457)  

 (2,348, 

8,633)  

 (17,143, 

66,326)  

APS-adjusted -  1,423   1,665   1,558   5,907   58,422  

95% CI 
-  (1,079, 

1,784)  

 (1,306, 

2,052)  

 (1,252, 

1,888)  

 (4,432, 

7,475)  

 (45,952, 

71,879)  
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Both 

genders 

 

 

 

 

Smoking-

attributable 

deaths 

 

 

Unadjusted 45,795 46,006 44,633 37,848 368,119 1,778,416 

STS-adjusted 45,795 43,095 40,843 34,599 356,265 1,649,798 

95% CI 
- (41,156, 

45,011) 

(39,028, 

42,622) 

(33,230, 

35,948) 

(347,845, 

364,340) 

(1,586,737, 

1,711,601) 

APS-adjusted 45,795 42,223 39,841 33,455 352,589 1,612,756 

95% CI 
- (41,316, 

43,115) 

(38,865, 

40,797) 

(32,640, 

34,264) 

(348,672, 

356,388) 

(1,578,915, 

1,645,962) 

Deaths 

averted* 

 

STS-adjusted - 2,911 3,790 3,249 11,853 128,617 

95% CI 
- (995, 

4,851) 

(2,011, 

5,605) 

(1,901, 

4,619) 

(3,779, 

20,274) 

(66,814, 

191,679) 

APS-adjusted - 3,783 4,792 4,394 15,530 165,660 

95% CI 
- (2,891, 

4,690) 

(3,836, 

5,768) 

(3,585, 

5,209) 

(11,731, 

19,447) 

(132,453, 

199,501) 

 

Notes: * Deaths averted is calculated as the difference between the smoking-attributable deaths in the 

APS and STS NVP-adjusted model and the No-NVP model. The lower (upper) bound of those 

estimates is determined by the upper (lower) bound of the smoking-attributed deaths of the APS and 

STS NVP-adjusted projection, i.e. the more smoking-attributable deaths in the NVP-adjusted 

projection (corresponding to the lower bound in the prevalence estimates), the fewer lives saved. 

** “Unadjusted” refers to the SimSmoke model without NVP adjustment in 2012-2019 and APS and 

STS adjustments refer NVP-adjusted projections using the 2012-2019 relative reductions based on 

comparison of the SimSmoke model projections with the APS and STS surveys.  95% CI refers to the 

implementation of APS and STS adjustments using the annual relative difference in 2012-2019 

derived from the lower and upper bound of the 95% confidence intervals from survey in 2019. 
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Figure 1. England SimSmoke Projections and Policies, Males and Females, Ages 16 and 

Above, 2000-2019  
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