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Abstract

This study analyses the potential impact of e-cigarettes on the death toll of cigarette smok-
ing in the Russian Federation by working under a variety of assumptions pertaining to
how much vaping might affect smoking cessation and initiation, and its adverse impacts
on health in comparison to conventional smoking. Within this study, each combination of
these assumptions generates a single vaping scenario (210 in total). A dynamic popula-
tion simulation model, specifically for the Russian Federation, that is tailoured to tobacco
control policy analysis, is built for estimation purposes. Considering the toll of smoking
on cumulative life-years saved via the inclusion of vaping across a period of 80 years, the
simulation analysis produces positive results in 88.1% of e-cigarette scenarios, ranging
from — 3.3 million to 38.5 million life-years saved. In relative terms, the estimated life-
years saved from vaping varies from—1.6 to 18.6% of the predicted life-years lost from
smoking. Most of the model scenarios involve a significant number of individuals who
stopped smoking in favour of vaping. These results suggest that vaping has great potential
to reduce the prevalence of smoking and the related death toll in the Russian Federation.

Keywords E-cigarettes - Smoking - Public health - Simulation analysis

According to the latest international survey on tobacco consumption conducted in the Rus-
sian Federation, the Global Adult Tobacco Survey (WHO 2018) estimates that 29.9% (35.8
million) of the adult population were smokers in 2016; the prevalence of current smokers
was 48.8% among men and 14.2% among women.

Moreover, our estimates, based on the Russian Longitudinal Monitoring Survey
(RLMS), suggest that the level of smoking prevalence in the Russian Federation remains
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significant: in 2019, it was 27.4% (43.9% for men and 13.8% for women), higher than the
world average.

The death toll from smoking in the Russian Federation also remains high: In 2019,
around 291.4 thousand people died from smoking-related diseases, which accounts for
16.3% of all deaths in the country (Institute for Health Metrics and Evaluation 2019).
These numbers place the Russian Federation within the top five countries for highest
smoking-related mortality.

Reducing the levels of disease and death from smoking has been one of the main goals
for public health policies. The Russian Federation ratified the World Health Organiza-
tion Framework Convention on Tobacco Control in 2008. Further tobacco-control efforts
were directly associated with the necessity of bringing Russian legislation in line with the
requirements of international agreements and the willingness of authorities to decrease the
prevalence of conventional smoking (the use of combustible cigarettes) and its negative
impact on public health.

In November 2019, the Russian Federation adopted a strategy on countering tobacco
consumption as well as any other nicotine-containing products by the government’s decree
which targets to reduce smoking prevalence among adults to 21% by 2035. Starting in
2020, the Russian Federation has been implementing the policy of equally regulating com-
bustible cigarettes and any other nicotine-containing products (including e-cigarettes) with-
out considering the health risks degree associated with the use of these products (WHO
FCTC 2020).

In April 2021, the Russian Federation adopted a plan for the introduction of normative
acts which, in the opinion of the authors, will decrease not only cigarette consumption but
the use of any nicotine-containing products (The Russian Government 2021). These acts
include:

1. The introduction of the ban on the classification of nicotine-containing products based
on the level of toxic substances.

2. Expansion of the bans functioning in Russia on production, export, and import of nasvay
(smokeless tobacco for oral use, which is produced and used mostly in central Asian
countries) and snus to the territory of all members of the Eurasia Union.

3. Introduction of plain packaging requirements for nicotine-containing products.

It appears that the Russian Federation does not plan to assist current smokers (who
are not able to quit smoking unaided) to quit by switching to safer alternatives, while an
increasing number of countries recognize that enabling access to non-cigarette alternatives,
such as electronic cigarettes (e-cigarettes), could be used as an effective harm reduction
policy measure (Kennedy et al. 2017; Shah et al. 2021).

In general, the efficacy of vaping (the use of e-cigarettes) in reducing the toll of smoking
is dependent on the following factors: (i) its effect on human health compared to smoking,
(ii) its effect on smoking cessation in adults, and (iii) its effect on smoking initiation in the
youth (National Academies of Sciences, Engineering, and Medicine 2018).

Recent studies suggest that vaping has substantially fewer health risks compared to
smoking (Sobczak et al. 2020); namely, it reduces the adverse general and oral health
effects of smoking (Cassidy et al. 2020; O’Connel et al. 2016, Polosa et al. 2020; Tat-
ullo et al. 2016). In addition, a clinical trial conducted in Italy identified that vaping
helps smokers reduce tobacco consumption and improve pulmonary health conditions
(Lucchiari et al. 2020). However, opponents of e-cigarettes emphasize that the health
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risks of vaping are considerably higher than supporters advocate as the implications for
long-term health effects are not yet well researched (National Academies of Sciences,
Engineering, and Medicine 2018; Singh et al. 2020; Wang et al. 2018). Therefore, a
level of uncertainty about the degree of risk reduction associated with vaping does still
exist within the literature.

Notwithstanding, numerous studies suggest that vaping is not only safer than smoking
but that it also increases cessation among adult smokers (Abrams et al. 2018; Caraballo
et al. 2017; Cook et al. 2019; Hartmann-Boyce et al. 2021; Ramamurthi et al. 2016).A
time series analysis of trends from the population in the UK reveals that e-cigarette use
is associated with an improvement in the success rate of stopping smoking (Beard et al.
2020). The positive impact of vaping on the success rate of quit attempts has also been
observed in Australia (Chambers 2022). A similar study conducted in the USA showed that
vaping is not only positively associated with quitting success, but moreover increases the
likelihood of attempting to stop smoking (Levy et al. 2018). Other studies find that vaping
increases smoking cessation in the adult population and is a more effective cessation tool
than nicotine replacement products (Berry et al. 2019; Chan et al. 2021; Zhu et al. 2017). In
Germany, the use of e-cigarettes as a smoking cessation aid is also associated with greater
success than attempting to stop unaided (Kotz et al. 2022). Furthermore, randomized clini-
cal trials conducted in New Zealand show improvement in cessation when patches are used
in combination with e-cigarettes containing nicotine (Walker et al. 2019). Contrarily, how-
ever, some studies argue that vaping does not help smokers quit (Weaver et al. 2018).By
vaping in places where smoking is prohibited, smokers also dull the effects of smoke-free
environmental policies, which itself could stimulate the dual use of electronic and combus-
tible cigarettes and reduce smoking cessation rates (Glantz and Bareham 2018).

One additional concern in the promotion of e-cigarettes as a harm reduction tool is
the possibility that vaping might act as a gateway that increases smoking initiation rates,
especially in the youth (Baenziger et al. 2021; Centers for Disease Control and Preven-
tion 2019).National cross-sectional studies conducted in both South Korea and the USA
from 2014 provide evidence that vaping is associated with a higher prevalence of smok-
ing among adolescents (Dutra and Glantz 2014; Lee et al. 2014;). A meta-analysis con-
ducted in 2017 identified that vaping increases the likelihood of subsequent smoking in
young vapers (aged 14-30 years) by four times (Soneji et al. 2017). Although recent stud-
ies conducted in the Netherlands and Belgium show that associations between vaping and
smoking initiation are attributable to the shared risk factors of tobacco use in general (Kim
and Selya 2020; Martinelli et al. 2021), these risk factors include parental education and
smoking, peer smoking, sensation-seeking behaviour, impulsivity, delinquent behaviour,
internalizing symptoms (depression, anxiety, etc.), alcohol and marijuana use, exposure to
health warning labels on cigarette packs, and cigarette advertising receptivity (Kim and
Selya 2020).

Some argue that e-cigarette use is largely concentrated among youths with similar char-
acteristics to smokers, suggesting that vaping acts as a replacement for smoking, rather
than it being an instigating factor (Sokol and Feldman 2021). Furthermore, adolescents
who initially experiment with e-cigarettes are less likely to initiate smoking than their
peers with a matched propensity score (Shahab et al. 2021). These findings, therefore, indi-
cate that e-cigarette use might reduce the initiation of smoking.

Literature assessing the potential for e-cigarettes to diminish the death toll from smok-
ing is still limited. Most studies that estimate the health impact of e-cigarettes on the
population only focus on the USA and the UK (Lee et al. 2020), while to the best extent
of our knowledge, such estimates do not exist for the Russian Federation. Consequently,
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this present study offers a unique contribution as the first attempt to estimate the potential
impact of e-cigarettes on the toll of smoking within the Russian Federation.

For estimation purposes, we constructed a dynamic population simulation model that is
tailoured towards tobacco control policy analysis in the Russian Federation, based on the
methodology developed by Mendez et al. (1998) and extended by Jin et al. (2015). Fol-
lowing Mendez and Warner (2021), we simulate the proportion of smoking-related deaths
in the Russian Federation that could be reduced with e-cigarette use, under a variety of
assumptions—those based on how vaping might affect smoking initiation and cessation,
and its adverse impacts on health in comparison to traditional cigarettes.

Methodology
Background Simulation Model

The dynamic population simulation model tracks individuals from the ages of 0 to 70+,
as differentiated by sex and smoking status (never smokers, current smokers, and former
smokers), with the baseline year taken from 2019 (the last year before the COVID-19 pan-
demic for which data on smoking and diseases attributable death rates are available).

The first step in the construction of the model was the estimation of the population by
age, sex, and smoking status during the baseline year. For each subsequent year, the popu-
lation evolves: A new birth-cohort is introduced; at 18 years old, certain never smokers
start and become current smokers; some current smokers quit and become former smokers;
and everybody is subject to age-, sex-, and smoking status-specific death rates (for a sche-
matic representation of the model and model specification, see Supplementary Materials
B).

We obtained sex- and age-specific population statistics for 2019 from the Center for
Demographic Research at the New Economic School (CDR-NES) (Table Al).

To estimate sex- and age-specific smoking prevalence in the baseline year, we used
RLMS data. RLMS is a nationally representative survey which collects data on the health
and economic welfare of households and individuals in the Russian Federation. Data have
been collected annually from 1994 at the individual, household, and community levels.
RLMS consists of two types of samples: (a) original sample addresses (drawn in 1994) and
(b) follow-up addresses. Follow-up addresses are needed for panel analyses of individual
changes, while original sample addresses create a representative sample for a given year. In
our analysis, we use only the cross-sectional part of the sample. For a detailed description
of RLMS data, see Supplementary Materials C.

Based on RLMS data from 2019, we attributed adults who presently report smoking
any tobacco products (filtered, non-filtered, or fine tobacco) into the current smoker group,
without considering additional information on smoking intensity. More specifically, these
are individuals who provided a positive answer to the question “Do you now smoke?”.
Former smokers are those who report smoking tobacco products in the past, but do not
smoke at present (negatively answered the question “Do you now smoke?” and positively
answered the question “Have you ever smoked?””). We attributed individuals who did not
smoke now and had not smoked in the past to never smokers (Table A2).

It should be mentioned that RLMS 2019 data include former smokers aged 18—people
who briefly started and gave up smoking before they turned 19. We treat these individuals
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as never smokers because temporary teen year smokers are not particularly important to
public health policy.

By combining our estimates of sex- and age-specific smoking prevalence (current, for-
mer, and never smokers) with population statistics, we estimated the population for the
baseline year by age, sex, and smoking status (Table A3).

For succeeding years, we work on the assumption that the new birth cohort is constant
annually—the number of births is kept at the level of the baseline year. Moreover, follow-
ing Jin et al. (2015) and Mendez and Warner (2021), we regard everyone aged 0-17 to be a
never smoker: with smoking initiation only occurring at 18, and those who start thereafter
regarded as current smokers. From age 19, some smokers begin to quit the habit, with those
who do stop becoming former smokers—we also assume that initiation does not reoccur.

We obtained smoking cessation and initiation rates, by sex, from RLMS data from 2019.
Sex-specific smoking cessation rates are estimated for three age categories: the popula-
tion aged 19-34, 35-50, and > 50 as the proportion of people who stopped smoking within
one year and do not currently smoke. More specifically, these rates represent the share of
smokers who indicated “1 year” as an answer to the question “How many years ago did you
quit smoking?” in total smokers. Smoking cessation rates are estimated by age categories
as the relationship between cessation rates and age might differ across countries or over
time. Some studies suggest that the smoking cessation rate declines with age (Babb et al.
2017; Messer et al. 2008), while others found the opposite (Jeon et al. 2018; Mendez et al.
1998). In the case of the Russian Federation, smoking cessation increases with age among
men and decreases among women (Table 1). One possible explanation is that pregnancy
might act as a powerful force that discourages smoking among young women. Indeed, data
identify relatively high cessation rates among women of childbearing age, with lower rates
for older women.

Sex-specific smoking initiation rates are estimated as the proportion of current smokers
in the population aged 18 (Table 1). According to our estimates, the initiation rate among
men (14.4%) is considerably higher in the Russian Federation than among women (5.3%).
This is in line with the existing trends in smoking prevalence among men and women in
the Russian Federation (Figs. 2 and 3).

In the next stage, we estimated sex- and age-specific death rates separately for never
smokers, current smokers, and former smokers. We used existing estimates of the relative
risk of adult mortality from smoking-related diseases (the likelihood of dying for current
and former smokers relative to the risk of death for never smokers) in the USA: as defined
by smoking status and age for different tobacco-related diseases (19 disease categories in
total), provided by the National Center for Chronic Disease Prevention and Health Pro-
motion Office (USA) on Smoking and Health (2014) and based on Cancer Prevention
Study II (Table A4). We combined the estimated relative risks with the sex-, age-, and

Table 1 Estimated background smoking cessation (for the population aged 19+) and background smoking
initiation (at age 18) rates used in the dynamic simulation model (%)

Variable Male Female
Background smoking cessation rate (%) For ages 19-34 1.6 7.7
For ages 35-50 3.1 3.5
For age> 50 3.1 3.1
Background smoking initiation rate (%) 14.4 53

Source: Authors’ estimations based on RLMS 2019
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disease-specific mortality data from the Russian Federation, provided by the CDR-NES.
A detailed description of the methodology is provided in the Supplementary Materials D.
Table AS demonstrates the sex- and age-specific death rates differentiated by smoking sta-
tus. Following Mendez and Warner (2021), we assume that smoking-related deaths do not
occur before the age of 35; therefore, death rates before 35 do not differ by smoking status.

Based on the collected data and estimated variables, we constructed a dynamic popula-
tion simulation model for the Russian Federation. This model projects the population size
by smoking status for each year and every year of age for 80 years, starting from the base-
line of 2019. The model has the potential to be employed in the analyses of the impact of
both preexistent and future policies on tobacco control and taxation.

Model Accuracy—Retrospective Model for Russia

It is important to question whether the constructed model can produce accurate estimates.
Therefore, to check the predictive power of the model, we used a retrospective analysis.
More specifically, we constructed a retrospective model for the Russian Federation using
the same methodology described above, though in this instance based on data from 2000
rather than 2019; the year was selected as it is the earliest period in which all the variables
required for the model were available. All the other assumptions and estimation techniques
were held constant across all years. Subsequently, we compared the simulation results of
our model with estimates from the available RLMS data on smoking—among total adults,
men, and women, respectively, from 2000 to 2019 (Figs. 1, 2, and 3).
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Fig. 1 Comparison of simulation results and RLMS estimates for smoking prevalence, 2000-2019. Source:
Authors’ estimations based on RLMS 2000-2019, simulations
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Fig.2 Comparison of simulation results and RLMS estimates for smoking prevalence among men, 2000—
2019. Source: Authors’ estimations based on RLMS 2000-2019, simulations

According to our estimates based on the RLMS, the smoking prevalence has been
gradually declining since 2000, when it was 35.0%. The smoking prevalence rates simu-
lated by the model are close to the actual indicators calculated based on the RLMS data,
in both levels and trends. Our projections are, on average, 4.5 percentage points (pp)
lower than RLMS estimates between 2000 and 2019. This appears to be driven pre-
dominantly by the lower accuracy of the model in predicting smoking prevalence among
women—the gap between the simulated and the estimated prevalence increases over
time, as our model predicts a gradual decline in smoking rates among women, whereas
RLMS estimations show a stable trend. In the analysis of 2000-2019, the difference
between the simulated and the RLMS estimated smoking prevalence is on average
5.9 pp for women; in contrast, the difference for men smoking prevalence is only 2.8 pp.

This distinction between the simulated and RLMS-calculated smoking prevalence in
women might be explained by a possible underestimation of the initiation rate. Esti-
mated initiation rates might be lower than true initiation rates as self-reported smok-
ing prevalence generally tends to underestimate the actual smoking prevalence (Connor
et al. 2009), particularly among women and adolescents (Hwang et al. 2018).

When constructing our model, we also fixed smoking cessation rates in women at its
level for 2000 —5.7%, while cessation rates were lower from 2002 to 2013 and 2016 to
2019 (Fig. 4). This might lead to an overestimation of cessation rates in our model.

Moreover, as the cessation rates are calculated by the proportion of smokers who quit
a year ago (smokers in 1999 who quit in 2000), the estimated cessation rates both for
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Fig.3 Comparison of simulation results and RLMS estimates for smoking prevalence among women,
2000-2019. Source: Authors’ estimations based on RLMS 2000-2019, simulations

men and women may be slightly overestimated as some of those who quit may relapse
later (we assume no relapse in our model).

When we calibrate the retrospective model by reducing smoking cessation rates by 20%
and using men’s initiation rate for women, the model accuracy notably improved: the dif-
ference between the simulated and the RLMS estimated smoking prevalence becomes on
average 0.3 pp for women and 1.6 pp for men (Figs. 5 and 6).

Sensitivity Analysis

To assess the robustness of the results reported here, we conducted a sensitivity analy-
sis. First, we estimated the background smoking initiation rate as the proportion of current
smokers in the population aged 18-24. Our assumption used in the main model that smok-
ing initiation only takes place at age 18 simplifies the estimations; however, in real life,
initiation occurs before or after 18 years of age as well (Barrington-Trimis et al. 2020). The
data support this argument: In 2019, smoking prevalence in the Russian Federation was
notably higher in the population aged 19-24 compared to 18 years old (20.1% vs. 10.0%)
(Table A2). Second, based on the results of the retrospective analysis, we used the esti-
mated initiation rate among men as a background initiation rate for women. Third, as esti-
mated background cessation rates may be overestimated due to our assumption that initia-
tion does not reoccur among former smokers, we adjust them by 20%. Using new values
for background cessation and initiation rates (Table A6), we reran all simulations.
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Fig.4 RLMS estimates of smoking initiation and cessation rates among men and women, 2000-2019.
Source: Authors’ estimations based on RLMS 2000-2019

Simulation Analysis

Within the first stage of our simulation analysis, we replicated the Russian population
under two reference scenarios:

1. A status quo scenario: assuming a continuation of the baseline smoking initiation and
cessation rates for the following 80 years.

2. A never-smoking scenario: assuming no one ever smoked, nobody smokes in the baseline
year or will smoke in the future. Therefore, there are no smoking-related deaths, which
indicates that all individuals are subject to the same death rates as never smokers.

The difference between these two scenarios demonstrates an estimation of the total
life-years lost (LYL) due to smoking in the absence of vaping. This exercise is needed to
express the life-saving potential of e-cigarettes as a share of smoking-related LYL.

We thereafter simulated population size by applying various assumptions (described
below) on how vaping affects smoking behaviour and health outcomes (Table 2). Each
combination of these assumptions thus creates a single e-cigarette scenario (210 scenarios
in total). The annual difference in population size between each e-cigarette scenario and
the status quo provides that year’s estimated life-years saved (LYS) or LYL due to vaping.
Cumulative LYS or LYL for the full 80 years are calculated by adding these annual esti-
mates. In addition, we expressed the cumulative LYS or LYL for each e-cigarette scenario
as a share of the LYL due to smoking in the status quo scenario. Finally, we estimated the
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Fig.5 Comparison of simulation results and RLMS estimates for smoking prevalence among men: Cali-
brated retrospective model, 2000-2019. Source: Authors’ estimations based on RLMS 2000-2019

share of vaping-induced quitters (“e-quitters”) from the total number of quitters during the
entire simulation period.

Annual background smoking cessation (1) and initiation (2) rates are held constant for
all years of the simulation analysis. While assumptions on the impact of vaping on smok-
ing behaviour and health are replicated from Mendez and Warner (2021) with some modi-
fications, specifically:

3. The impact of vaping on smoking cessation rates: We assume that vaping increases the
background cessation rate from 5 to 200%. Vaping having no effect or having a negative
impact on smoking cessation has not been considered. It should be emphasized that each
value represents an increase in the overall population cessation rate; however, only a
fraction of smokers use vaping as a cessation tool. For instance, assuming 10% of smok-
ers use e-cigarettes in the quit attempts and if the population-wide smoking cessation
increases by 5%, the cessation rate for those using e-cigarettes would increase by 50%,
while the cessation rate for other smokers will be unaffected. This estimation is in line
with recent a study from Australia suggesting that vaping increases the success rate of
quit attempts by 68-98% (Chambers 2022).

4. The impact of vaping on smoking initiation rates: Our e-cigarette scenarios incorporate
a broader range of assumptions on a change in smoking initiation due to vaping than
in Mendez and Warner (2021), in which half of e-cigarette scenarios assume a 10%
increase in smoking initiation and the remaining half assume vaping has no impact
on the instigation of smoking. We considered even greater (a 15% and 20% increase)
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Fig.6 Comparison of simulation results and RLMS estimates for smoking prevalence among women: Cali-
brated retrospective model, 2000-2019. Source: Authors’ estimations based on RLMS 2000-2019

allowances for the impact on initiation. However, as discussed earlier, the relation-
ship between smoking and vaping might be spurious. Recent studies suggest that vap-
ing might act as a replacement for smoking and adolescents who initially experiment
with vaping are less likely to start smoking than their peers with similar characteristics
(Shahab et al. 2021; Sokol and Feldman 2021). These findings together with the fact
that smoking initiation among US youth and young adults declined rapidly in parallel
with increased vaping suggest that e-cigarettes might reduce the initiation of smoking.
Therefore, in simulation analysis, we also used a 10%, 15% and 20% decrease in annual
smoking initiation due to vaping.

5. The health risks of vaping for former smokers: We assume that smokers who quit smok-
ing with using vaping might have an elevated mortality risk compared to those who
quit without it. The magnitude of an increase in mortality risk depends on the duration
of vaping after quitting smoking. Smokers who quit with the help of e-cigarettes and
continue to use them into the future will experience much greater risks compared to
those who also give up vaping shortly after quitting smoking. The values of vaping-
associated risks used in our model are applied to all e-quitters and represent the average
risk experienced by vaping-aided smoking cessation, which means that, for example,
a 5% vaping risk used in the model represents much higher risks for long-term vapers
and much lower for those who quit vaping shortly. Therefore, assumptions on 10% or
even 5% of vaping health risks are conservative compared to estimates of the UK health
authorities that found the vaping health risks for long-term vapers to be less than 5%
(McNeill et al. 2018; Royal College of Physicians 2016).
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Results
Life-Years Lost due to Smoking

According to our estimation, in the absence of vaping, the annual death toll from smok-
ing in the Russian Federation amounted to around 245.4 thousand lives in 2019. This is
a more conservative figure than projected by the Institute for Health Metrics and Evalua-
tion (2019) according to which nearly 291.4 thousand people died from smoking-related
diseases in Russia that year. However, this difference might lie within the methodologies
used, as the Institute for Health Metrics and Evaluation uses its classification system, list
of smoking-related diseases, and own estimates for the relative risks of smoking. They also
assume that smoking-related deaths occur from age 30 onwards, while we assumed that the
corresponding age is 35 onwards.

In addition, over 80 years after the baseline, we estimated the cumulative LYL from
smoking in the absence of e-cigarettes (Table A7). The simulations reveal that approxi-
mately 207.3 million life-years would be lost due to smoking over this period. Due to a
higher smoking prevalence, the LYL for men is considerably greater than for women. In
the absence of e-cigarettes, the estimated smoking-related LYL accounts for 2.3% and
24.1% of life-years for the adult population and current smokers, respectively.

According to our dynamic population model, the smoking prevalence in the status quo
scenario in the Russian Federation would decline from 27.4% in 2019 to 17.4% in 2030
(Fig. 8). By 2040, smoking prevalence would decline further to 11.4%. In the long term, as
smoking cessation and initiation rates in the model are fixed at the level of 2019, smoking
prevalence would reach its equilibrium at 4.3%.

Such a sharp decline in smoking in the status quo scenario is driven by decreas-
ing smoking initiation and increasing smoking cessation rates in the Russian Federation
(Fig. 4). At the same time, as discussed earlier, estimated initiation and cessation rates may
differ from their true values due to assumptions applied during their estimations.

E-cigarette Scenarios
Summary Results for All 210 Scenarios
In total, 88.1% of e-cigarette scenarios (185 out of 210) produce positive LYS. Table 3

provides a summary of the simulations; detailed results of simulations for all e-cigarette
scenarios are presented in Supplementary Table A10. The LYS range from — 3.3 million

Table 3 Summary of all

. . . Minimum value Maximum value Median value
e-cigarette scenario simulations

LYS (in millions) —3.3 38.5 10.8
LYS by vapingas —1.6% 18.6% 5.2%
a share of LYL
due to smoking
Number of 185
scenarios with
positive LYS

Source: Authors’ calculations
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to 38.5 million years. In relative terms, the estimated LYS vary from—1.6 to 18.6% of
LYL due to smoking. The scenario with the lowest LYS is a combination of assumptions,
namely that vaping increases smoking cessation by 5% and smoking initiation by 20%,
while e-quitters have a 20% elevated mortality risk. In the scenario with the highest LYS,
vaping increases smoking cessation by 200%, reduces smoking initiation by 20%, and has
no adverse health impacts on former smokers who quit smoking using e-cigarettes.

Life-Years Saved by Vaping: Comparison with Results Provided by Mendez and Warner
(2021)

Table 4 identifies the life-saving potential of vaping when it increases smoking cessation
by 10%, 25%, 50%, and 100%. The results are provided for both assumptions—when vap-
ing does not affect smoking initiation and when it increases initiation by 10%. Equally,
these estimations identify the relative risk of vaping (5%, 10%, and 20%)—the reduction
in the mortality benefits from quitting smoking without vaping compared to quitting with
vaping. The results present those e-cigarette scenarios for which assumptions on smoking
cessation, initiation, and health risks of vaping are replicated from Mendez and Warner
(2021). We demonstrate the calculations as LYS, its share in LYL due to smoking in the
absence of vaping, and number of e-quitters.

Every combination of assumptions yields positive cumulative LYS in the 80 years—
ranging from 2.9 to 22.8 million life years in absolute terms, and from 1.6 to 11.0% as
a share of LYS by vaping in LYL due to smoking. All the scenarios involve a significant
number of e-quitters, reaching up to 17.3 million in the scenarios that increase smoking
cessation by 100% and smoking initiation by 10%.

These results are comparable with the ones estimated by Mendez and Warner (2021).
In absolute terms, a number of LYS and e-quitters in the Russian Federation are 60-90%
lower than in the USA. This difference is primarily driven by the US population size which
is more than twice the population in the Russian Federation. On other hand, smoking prev-
alence is higher in the Russian Federation than in the USA, which reduces the difference in
the estimates of LYS and e-quitters. In relative terms (the share of LYS by vaping in LYL
due to smoking), a simulation analysis for chosen scenarios shows nearly identical results
to the ones estimated by Mendez and Warner (2021).

The estimates in Table 4 suggest that the greatest impact on LYS is derived from the
assumption that vaping does heighten smoking cessation rates, while the results are less
sensitive to changes in the assumptions on vaping risk and the effect of vaping on smoking
1nitiation.

E-cigarette Scenarios with a Negative Impact on Life-Years

Out of 210 e-cigarette scenarios, vaping implies a negative impact on life-years in 25 sce-
narios. In those 25 scenarios, 15 scenarios are created by the combination of assumptions
that vaping increases smoking cessation by 5% and smoking initiation by 10%, 15%, or
20%. In the other 10 scenarios, we assume that the impact of vaping on the cessation rate
is 10%, while initiation increases by 15% or 20%. In all these scenarios, the elevated health
risks of vaping from 0 to 20% are assumed.

We believe that these scenarios are highly unlikely. As mentioned earlier, recent
studies suggest that the use of e-cigarettes is associated with higher smoking preva-
lence in young adults with similar characteristics to young smokers; this association is
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attributable to the shared risk factors of tobacco use in general (Kim and Selya 2020;
Martinelli et al. 2021). Also, adolescents who first tried e-cigarettes are less likely to
initiate cigarette smoking than their peers (Shahab et al. 2021). Therefore, e-cigarettes
most likely decrease smoking initiation rather than increase it.

In addition, if vaping increases the success rate of smoking quit attempts by about
100% (Chambers 2022), the assumption used in our simulations that vaping increases
the population-wide cessation rate by 5% (or 10%) implies that on average only 5%
or 10% of smokers would use e-cigarettes in their quitting attempts in the following
80 years from the baseline. While this seems to be a realistic assumption considering the
existing setup in the Russian Federation, the share of smokers who will use e-cigarettes
to quit smoking in the future depends on the regulation and taxation of e-cigarettes and
the attitude of policymakers towards the use of e-cigarettes as a cessation tool. If 20%
or more of smokers will use e-cigarettes in their quitting attempts, assumption of 5% or
10% increase in population-wide cessation rates would be a conservative estimate.

Most Plausible E-cigarette Scenarios

Based on the discussion provided earlier on the impact of vaping on smoking cessation
and initiation, we chose four e-cigarette scenarios which we believe are most plausible
(Table 5). These are scenarios in which we assume an increase in smoking cessation of
25% and 50% and a decrease in smoking initiation by 10%. As we do not believe that
vaping is risk-free, in these scenarios, we also assume vaping risk of 5% or 10%.

Every combination of assumptions yields positive cumulative LYS in the 80 years
showing the potential of e-cigarettes to avert smoking-related deaths. In these scenarios,
LYS ranges from 9.9 to 16.8 million life years in absolute terms (Fig. 7), and from 4.8
to 7.9% as a share of LYS by vaping in LYL due to smoking. The potential number of
e-quitters is estimated at 5.3 million in scenarios when vaping increases smoking ces-
sation by 25% and 9.6 million in cases when smoking cessation increases by 50%. Due
to higher cessation and lower initiation rates, smoking prevalence in selected e-cigarette
scenarios declines more rapidly than in status quo scenario and reaches its long-term
equilibrium at 3.4% (impact of vaping on cessation: 50%) and 3.1% (impact of vaping
on cessation: 25%) (Fig. 8).

Table 5 Effects of vaping on mortality and smoking cessation (cumulative over 80 years): Most plausible
e-cigarette scenarios

Vaping risk Annual cessation rate Vaping reduces smoking initiation by 10%

increase due to vaping

LYS (million) LYS as ashare of LYL  E-quitters
due to smoking (million)

5% 25% 10.3 5.0% 53

50% 16.4 7.9% 9.6
10% 25% 9.9 4.8% 5.3

50% 15.7 7.6% 9.6

Source: Authors’ calculations
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Fig.7 The cumulative life-years saved due to e-cigarettes over the 80 years in most plausible e-cigarette
scenarios. Source: Authors’ calculations

Sensitivity Analysis

After using adjusted background smoking cessation and initiation rates, simulation analysis
produces 167 scenarios with positive LYS (79.5% of all e-cigarette scenarios). Table A8
provides a summary of simulations, while detailed results of simulations for all e-cigarette
scenarios are presented in Supplementary Table Al1l. The additional 18 scenarios with
negative LYS are the combination of assumptions that vaping has a positive impact on ces-
sation (25% or 50%), but simultaneously increases initiation (by 15% or 20%) and health
risks for e-quitters (by 5%, 10%, or 20%). Also, the resulting LYS range is notably wider
on both positive and negative sides and varies from — 14.8 million to 56.4 million years in
absolute and from —6.3 to 24.1% of LYL due to smoking in relative terms. The scenarios
with the lowest and highest LYS are the same combination of assumptions as in the main
specification of the model. In cases of the most plausible e-cigarette scenarios, the sensitiv-
ity analysis produces similar results (Table A9).

Conclusion
Our research demonstrates that vaping has the significant potential to reduce smoking prev-

alence and the related death toll in the country. Most vaping scenarios yield positive LYS,
except for 25 scenarios in which the LYS are negative but close to 0. The scenarios with
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Fig.8 Estimated smoking prevalence in most plausible e-cigarette scenarios and status quo over the
80 years. Source: Authors’ calculations

negative results are highly unlikely. According to our estimates, vaping potentially may
save up to 18.6% (in the most optimistic scenario) of the LYL due to smoking in the Rus-
sian Federation.

Meanwhile, the Russian Federation’s current policies do not regard e-cigarettes as a tool
for combatting smoking. Furthermore, the recent changes in the Russian regulatory frame-
work for e-cigarettes would discourage smokers from using e-cigarettes as an alternative
to combustible cigarettes, keeping the prevalence of e-cigarette use on or below 5% level.
This reduces the amplitude of possible impacts of vaping on smoking cessation and smok-
ing initiation. And the chances of achieving the level of LYS observed in the most optimis-
tic e-cigarette scenarios (when vaping increases cessation by 100% or 200% and decreases
smoking initiation) substantially decrease. Thus, the policy recently implemented in the
Russian Federation will negatively affect the potential health benefits of vaping (LYS).

Based on our analysis, and given the current policies, it is possible that vaping could
help to save between 4.8 and 7.9% of LYL due to cigarette smoking in the Russian Federa-
tion, which would translate to an estimated 9.9 to 16.8 million life-years saved. It is impor-
tant to note, however, that these estimates are based on the scenarios we selected and that
real-world outcomes may vary within the ranges mentioned above.

Limitations

The study has several limitations. First, we fixed constant smoking initiation and cessa-
tion rates at the 2019 levels. Nevertheless, the researchers suggest that initiation has been
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declining over recent decades, while cessation rates have been increasing (Cantrell et al.
2018; Hamzeh et al. 2020; Marcon et al. 2018).

Another limitation is that we only consider elevated vaping-related health risks for peo-
ple who successfully quit smoking. The greater health risks for dual users—those who
failed to stop smoking via vaping and continued both smoking and vaping—have been
discounted.

Finally, the baseline year in our model is 2019. Given that people were already vaping
in 2019, estimated background smoking cessation and initiation rates already reflect a frac-
tion of vaping impacts. In 2016, 3.5% of the adult population in the Russian Federation
(5.4% of men and 1.9% of women) reported currently vaping (WHO 2018). The trade data
further indicate that the volume of imported e-cigarettes increased from 0.7 million sticks
in 2016 to 2.7 million by 2019 (Melkadze 2021).
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org/10.1007/s10603-023-09540-z.
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