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The tobacco industry worldwide has annual revenues 
of hundreds of billions of dollars and annual 
smoking-associated death rates in the millions. 

Electronic cigarettes designed as a less harmful alternative 
to traditional tobacco products allow users to inhale 
nicotine without consuming the products of burning 
tobacco, thus significantly lowering health risks. These and 
similar innovative solutions have a potentially disruptive 
impact on existing markets. Both newcomers and 
established cigarette firms have been active around these 
alternatives. However, the health implications of such 
products are still poorly studied and seemingly ambiguous. 
Moreover, there is an increasing number of reports on mass 

diseases associated with vaping. As a result, most countries 
and international institutions, including the World Health 
Organization, have adopted negative attitudes towards 
electronic cigarettes.

Do e-cigarettes represent a Trojan Horse that will 
undermine tobacco control efforts – or are they an effective 
way to wean users away from cigarettes thus opening the way 
towards a better future? This paper outlines estimates of the 
future health impacts of cigarette and e-cigarette use, and 
considers the broader issues surrounding this potentially 
disruptive innovation. It points to areas requiring further 
research and suggests how Foresight studies might address 
the topic. 
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Introduction
“Disruptive Innovation” (see Box 1) has become 
a major theme in innovation studies (how can we 
explain the emergence and features of high-impact 
innovations?), and in Foresight exercises (how can 
we anticipate the implications of potential changes 
and prepare to make the most of them?). Most in-
novation studies rely on the comfortable assump-
tion that successful innovations are necessarily 
ones that benefit humanity. Foresight work, in con-
trast, often explicitly considers questions of social 
as well as economic costs and benefits of change. 
Within innovation studies, climate change and re-
lated environmental issues have prompted more re-
searchers to reappraise just what really constitutes 
a successful innovation. 
Neither innovation nor Foresight researchers have 
paid much attention to one potentially disruptive 
set of innovations: electronic cigarettes (e-ciga-
rettes). Some observers see these as preventing 
many millions of early deaths over the course of 
this century; but others oppose this innovation, 
even seeing them as making a high death toll more 
likely.
Many commentators suggest that e-cigarettes are 
indeed a disruptive innovation, with cigarette 
smoking patterns being disrupted by new elec-
tronic nicotine delivery systems (ENDS). The 
health consequences of inhaling smoke from to-
bacco have been exhaustively documented over the 
last half-century. The World Health Organization 
(WHO) estimates that there are currently over a 
billion cigarette smokers in the world today, lead-
ing to a huge premature death toll over the course 
of the century [WHO, 2008]. WHO, and most na-
tional public health authorities, have advocated 
and enacted policies aimed at restricting this toll. 
But even so, cigarette use is still growing in some 
regions of the world, though it is generally declin-
ing in most industrial countries. 
Emerging early in this century, types of e-cigarettes 
have proliferated. Substantial markets have been 
created in some countries, though they remain 
prohibited in many places. ENDS allow smokers 
to inhale nicotine in a manner similar to smoking, 
while substantially reducing exposure to the harm-
ful tars, gases, and other harmful substances in cig-
arette smoke. Forecasts for the USA alone indicate 
that a large shift to ENDS would avert millions of 
premature deaths over the coming decades. Un-
like many supposedly disruptive innovations, this 
could be a matter of life or death.
While much of the analysis of disruptive innova-
tions focuses on the challenges to, and responses of, 
incumbents, other stakeholders can play important 
roles. In this case, public health officials, the poli-
cymakers they advise and the various civil society 

and campaigning groups come to the fore. The 
reactions of these groups have been diverse and 
volatile. This has led to regulatory frameworks and 
market conditions varying widely across countries 
and over time. In some cases, the public health 
movement is resisting innovations that could re-
duce the harm associated with cigarette smoking. 
A  “tobacco control” philosophy, with a strong dis-
trust of the tobacco industry and aversion to nic-
otine drives this opposition. In contrast, a “harm 
reduction” philosophy sees ENDS as reducing 
preventable deaths well above the levels achieved 
by tobacco control, even if this means tolerating 
consumer choices as to whether or not to use nico-
tine. This essay examines the controversies and un-
certainties surrounding this disruptive innovation, 
and the implications for innovation studies and 
Foresight activity.

No Smoke without Fire: The Troubled 
History of Tobacco
Numerous scholars and journalists have discussed 
the history of tobacco use, and of the cigarette in-
dustry. Thus we provide the briefest of summaries 
here. 
Tobacco use spread from the Americas to the rest 
of the world from the 16th century on. Smoking has 
long been one of the most popular ways of using 
tobacco. Modern combustible cigarettes (with to-
bacco being rolled up in a paper cylinder) became 
commonplace in many countries in the nineteenth 
century, especially after mechanized cigarette roll-
ing systems were introduced. In some developing 
countries, hand-rolled “cigarettes” remain very 
popular, e.g. the bidis of rural India. Combustibles 
became immensely popular by the mid-twentieth 
century. Marketing promoted their use by women 
and others for whom cigarette use had been re-
garded as inappropriate. Such marketing efforts 
extended beyond advertising: in films and else-
where cigarettes frequently featured as ubiquitous, 
as adult and “cool”. But in the 1950s, and especially 
the 1960s, public health organizations in Western 
countries began to systematically denounce smok-
ing as a source of lung and other diseases. 
It is now widely accepted that cigarette smoking is 
a leading (meanwhile preventable) cause of signifi-
cant lung, cardiovascular, oncological, and other 
health-related mortality risks. Lung cancer, a rela-
tively rare disease in the 19th century, has become 
the “most common form of cancer in the world … 
with only a 15% 5-year survival rate for all stages in 
the United States… Numerous elements have been 
attributed to the causation of lung cancer; how-
ever, none more strongly verified than cigarette 
smoking” [Ruegg, 2015]. Smoking also plays ma-
jor roles in chronic obstructive pulmonary disease 
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(COPD — a set of diseases including emphysema 
and chronic bronchitis,) and cardiovascular dis-
ease (narrowing or blockage of blood vessels, liable 
to produce heart attacks, strokes, angina, etc.). The 
smoke that is created through the combustion of 
tobacco leaves (and other ingredients) in cigarettes 
contains a host of unhealthy components.1 Smok-
ing’s health risks are largely by-products of the par-
ticular method of delivery of nicotine provided by 
cigarettes: nicotine itself is not a major factor.
The tobacco industry contested the evidence of 
health problems, commissioning studies that ap-
peared to support its position and concealing re-
sults that contradicted its claims [Bero, 2013]. It ar-
gued that correlation did not prove causation, and 
that scientists were divided as to smoking’s health 
consequences. Smoking was portrayed as an indi-
vidual choice. If cigarettes were indeed dangerous, 
consumers had chosen to take risks (cf. [Kyriak-
oudes, 2006]). Since, the notion that nicotine was 
addictive might undermine the case about free in-
dividual choice, this was also contested. Such per-
sistent obfuscations created widespread distrust of 
industry pronouncements, especially among public 
health officials whose anti-tobacco position hard-
ened.

Health Impacts – Now and in the Future
When launching its MPOWER program of tobacco 
control in 2008, the WHO declared: “Tobacco kills 
a third to half of all people who use it, on average 
15 years prematurely. Today, tobacco use causes  
1 in 10 deaths among adults worldwide – more than 
five million people a year. By 2030, unless urgent 
action is taken, tobacco’s annual death toll will rise 
to more than eight million. If current trends con-
tinue unchecked, according to various estimates, 
during this twenty-first century, tobacco could kill 
up around 500 million to one billion people ….” 
[WHO, 2008, p. 1, footnotes removed].
More detailed descriptions and forecasts have been 
developed in the Global Burden of Disease (GBD) 
Study [Mathers, Loncar, 2006; GBD, 2017].2 Almost 
a billion people (and one in four men) are current-
ly smokers. If they continue to smoke, half of these 
can be expected to die prematurely as a result. The 

issue is shortening of life: GBD estimates an annual 
global loss of almost 150 million disability-adjust-
ed life-years (DALYs).
The GBD model3 takes into account demographic 
trends and forecasts of economic and social devel-
opment4. (The latter are related to cause-specific 
mortality rates, estimated from a variety of statisti-
cal sources.) This enables a detailed analysis. The 
prevalence of smoking is declining in most popula-
tion groups, in most industrialized countries. But 
80% of smokers live in low-income and middle-
income countries, in some of which smoking is 
on the rise. Population growth in some countries 
with a high level of smoking (China, India, etc.) 
may well mean that smoking and smoking-related 
deaths will grow. 
The 2006 GBD study produced projections of 
deaths to 2030 [Mathers, Loncar, 2006]. Tobacco-
attributable deaths were calculated,5 and projected 
to grow, from 5.4 million in 2005 to 8.3 million 
in 2030. This is the baseline scenario estimate – 
more pessimistic and optimistic variants were also 
outlined, ranging from 7.4 million to 9.7 million 
deaths projected for 2030. A third of these are can-
cer-related, with slightly smaller shares accounted 
for by COPD and cardiovascular disease. Figure 1 
graphically represents key projections for deaths 
attributed to tobacco. Striking differences emerge 
across world regions — a decline of 9% in high-
income countries, but a 100% increase in low- and 
middle-income countries.
The more recent projections, up to to 2060, do 
not specifically pull out tobacco-related deaths, 
but Mathers [Mathers, 2018] draws on the recent 
GBD to provide projections of deaths from vari-
ous causes to that date. Age-standardized death 
rates from most causes (including lung cancer) are 
forecast to decline. But population growth and age-
ing mean that total projected deaths are forecast to 
grow. Figure 2 presents the baseline scenario: here 
lung cancer grows steadily as a cause of death, to 
become the most common of the leading causes. 
Over the course of this century, around a billion 
lives are expected to end prematurely as a result of 
smoking. Using the 2015 ratio of deaths to DALYs 
suggests that some 25 billion years of life (disabil-
ity-adjusted) will be lost. This is clearly a global 

1 Similar risks — notably mouth cancer — are associated with “smokeless tobacco” products such as chewing tobaccos and snuff. A detailed discussion of 
risks of both smoking and these other traditional products is provided in Chapter 10 of [Stratton et al., 2001]. 

2 Up-to-date information on GBD studies is available at https://www.thelancet.com/gbd (accessed 07.10.2019).
3 See https://www.who.int/healthinfo/global_burden_disease/projections/en/ for data in spreadsheet format.
4 Estimates of trends in years of schooling, for example. The passage of time was taken as a proxy for technological development and health interventions. 

Economic development was represented by per capita GDP adjusted for purchasing power parity, with World Bank forecasts used to project this.
5 “Tobacco use was measured in terms of ‘‘smoking impact’’— that component of observed lung cancer mortality attributable to tobacco smoking …This 

indirect measure of the accumulated hazards provides a better measure than do current smoking rates for the overall health impact of tobacco, taking into 
account lag times as well as important aspects of exposure such as duration, type, amount, and mode of smoking …Smoking impact was calculated for the 
historical mortality country–year observations by subtracting nonsmoker lung cancer rates from observed total lung cancer mortality rates in the data. 
…”” [GBD, 2017, p. 2014] Country-specific projections of smoking levels were produced from regional estimates developed in earlier studies, with some 
modeling of age-specific smoking levels.
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While looking more at the extent to which new 
technologies involved novel ways of achiev-
ing effects, Freeman proposed a distinction 
between incremental, radical, and revolution-
ary technological innovations, in terms of their 
implications [Freeman, 1975]. In furtherance 
of these ideas, Christensen proposed the idea 
of “disruptive innovation” to put more empha-
sis on how far new ways of doing things dis-
rupted markets [Christensen, 1997; Christensen, 
Raynor, 2003]. The concept of disruptive in-
novation was used extensively in studies of 
marketing, strategic management, new prod-
uct development, and technology management 
[Danneels, 2004]. 
Changes in business models might not even 
require radical new technologies [Christensen, 
2006]. When the airline industry was reshaped 
by the emergence of low-cost “budget” airlines, 
the new firms (“insurgents”) reached less af-
fluent markets, offering low prices with few of 
the “frills” (meals, hospitality, etc.) with which 
established airlines (“incumbents”) competed. 
The newcomers did exploit opportunities for 
online marketing, booking, etc., but technol-
ogy was not the main issue. The incumbents 
attempted to introduce their own low-cost 
brands, but these generally failed to counter 
the insurgents. Incumbents may find it diffi-
cult to restructure their practices in line with 
the new business models. Markets are reshaped, 
new firms rise, and the rules of the game are 
changed, by disruptive innovation. When 
change, even involving radically new technol-
ogy, can be easily absorbed with existing busi-
ness models, then it is seen as “sustaining in-
novation” rather than disruptive. It will only 
involve new markets if the innovation can sub-
stantially change the offer to consumers, for ex-
ample by lowering prices.

Christensen argues that disruptive innovations 
generally offer users cheaper, simpler, and more 
reliable and convenient goods and/or services 
[Christensen, 1997]. They may at first find only 
a niche market, but in moving onto mainstream 
(mass) markets, they challenge established prod-
ucts and producers, rewriting the “rules of com-
petition” and redefining the key aspects of per-
formance valued by consumers. Incumbents, of 
course, are liable to fight back to retain their mar-
kets. They may try to improve their own product 
offerings (or at least their marketing), or to per-
suade regulators or actors in the value chain to 
limit the challenge from the insurgents. 
Juma [Juma, 2016] vividly documents cases 
where incumbents deploy marketing campaigns 
and other tactics to portray the innovation as 
inferior or hinder its entry onto the market – 
for example, on grounds of threatening public 
health and safety. Taxes or regulations may be 
mobilized to limit the market acceptance of the 
innovation. One telling example is the case of 
margarine, where the dairy industry was able to 
persuade regulators in some US states to enforce 
rules specifying that margarine would have to 
be dyed an unsavory colour, or packaged in 
black paper. Recently, Mylan et al. [Mylan et al., 
2019] have discussed the opposition of the dairy 
industry to plant-based drinks, including rules 
preventing them being called “milk” (e.g. soya 
and almond milk). 
Incumbents may alternatively “go with the flow” 
by acquiring the newcomers or imitating their 
innovations. If they can accomplish this without 
major revisions to their business models, they 
would have achieved sustaining innovations. The 
situation might well not be a black-and-white 
one; different business models, and even different 
markets, may coexist for long periods.

Box 1. What is Disruptive Innovation?

problem, even if it is less visible or dramatic than 
famines, fires, and floods.

Controlling Cigarettes
Public health authorities (and many other con-
cerned stakeholders) have pursued a number of 
strategies aimed at reducing use. These include 
efforts to prevent people from becoming smok-
ers and to aid them in quitting. Information cam-
paigns aim to change awareness, taxes on tobacco 
products impose financial costs, laws and other 

regulations may restrict where smoking may take 
place and how (and to whom) cigarettes can be 
promoted and sold. 

“Tobacco control” measures frequently involve 
banning smoking in places where others may be 
exposed to smoke, such as workplaces and pub-
lic transport. Restrictions are often placed on the 
advertising and sale of cigarettes, especially to 
young people. Heavy taxes on cigarettes have be-
come a source of revenue for governments, while 
initiatives such as helplines and other assistance 
for users hoping to quit require expenditure. Such 
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Source: [Mathers, 2018].

Figure 2. Projections of Global Deaths from Major Causes, 2000–2060 
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measures have been instituted in many countries 
and are promoted by WHO’s MPOWER program.6 
They are seen as having enabled the substantial 
long-term decline in the rates of smoking in most 
industrial countries (and some cases elsewhere, 
notably Brazil). But the decline in smoking is un-
even globally. The GDB forecasts suggest that de-
spite tobacco control measures, cigarettes will lead 
to massive mortality over the course of this cen-
tury. WHO calls for a redoubling of efforts and de-
nounces the tobacco industry’s ongoing promotion 
of cigarettes (especially in low-income countries 
and to young people). 
Facilitating cessation is the other part of the strat-
egy. Many users are dependent on nicotine, finding 
it difficult to relinquish or even reduce the smok-

ing habit. A variety of medical ways of addressing 
the problem have been attempted [Aveyard, Raw, 
2012]. These include pharmaceutical treatment: 
drugs such as cystine and varenicline reduce the 
effect of nicotine on the brain, rendering smoking 
less pleasurable. To date, attempts to develop vac-
cines that counteract addiction (which have proven 
promising with some other drugs) appear to have 
been unsuccessful (for an interesting sociological 
study of these efforts see [Wolters, 2017]). Since 
the tars and other results of combusting tobacco 
are the main source of damage to the health of us-
ers (and others exposed to the smoke) nicotine re-
placement therapy (NRT) is widely used. NRT de-
livers nicotine through wearable patches, or sweets 
or gums. 

6 See https://www.who.int/tobacco/mpower/publications/en/ (accessed 09.10.2019) and related WHO resources for explication of tobacco control programs, 
success stories, statistics concerning the uptake of various measures, and so on.

Instead of using tobacco, ENDS devices supply 
nicotine in a liquid solution (commonly based 
on propylene glycol, and often including flavor-
ings). This is vaporized, giving rise to the terms 

“vape” and “vaping”. The idea is to achieve an ex-
perience similar to that of cigarette smoking, but 
with a huge reduction in the harmful substances 
produced by combustion. If this can be achieved, 
then ENDs can in principle disrupt markets, tak-
ing sales away from cigarettes to less harmful al-
ternatives.
While there had been earlier patents and experi-
ments, the successful commercial exploitation 
of this idea was first achieved in China. Industry 
lore has it that Hon Lik (who worked for Golden 
Dragon Holdings, a company producing ginseng 
products) was inspired to design a safer prod-
uct than the combustible cigarette following his 
father’s lung cancer. He patented an e-cigarette 
design in 2003 (internationally patented in 2007). 
His firm commercialized this in 2004 on the Chi-
nese market, changing its name to Ruyan (“like 
smoke”), and exporting ENDS from 2007. Ac-
cording to the US Surgeon General [Surgeon 
General, 2016, p. 10], “In August 2013, Imperial 
Tobacco Group purchased the intellectual prop-
erty behind the Ruyan e-cigarette for $75 million. 
As of 2014 an estimated 90% of the world’s pro-
duction of e-cigarette technology and products 
came from mainland China, mainly Guangdong 

Province and Zhejiang Province.” Hon Lik him-
self joined the e-cigarette company Fontem Ven-
tures, a subsidiary of the tobacco company Impe-
rial, in 2013.  Fontem is responsible for the e-va-
por brand blu; according to blu’s website Hon Lik 
aims to continue development and innovation in 
the area. 
Other manufacturers were quick to introduce 
copies of, and variants on, the design [Surgeon 
General, 2016]. The rapid evolution of ENDS’ de-
signs reflects, at least in part, the fast growth of 
markets for the products, and various dynamics 
within this market. Williams and Talbot [Wil-
liams, Talbot, 2019] identify four generations, 
differing in terms of the e-cigarette itself (its ex-
ternal form and appearance, e.g. whether it looks 
like a traditional cigarette or is more like an iPod 
or other device; and the battery characteristics, 
including “Mods” (consumers can vary voltage, 
wattage, and power via modified batteries) and 
on the atomizing units used in the ENDS. In com-
mon, they can deliver not only nicotine, but also 
much of the same experience as cigarette smok-
ing, including the taste, ease of inhalation, and so 
on. The aerosols can be flavored in different ways. 
Different products have gained substantial foot-
holds in different countries. Many new entrants 
are manufacturing vape liquids and devices, and 
retail outlets in the form of “vape stores” have 
proliferated in many countries.

Box 2. The e-Cigarette

Miles I., pp. 6–27



Strategies

12  FORESIGHT AND STI GOVERNANCE      Vol. 14   No  1      2020

A Disruption?
Many attempts have been made over the years to 
create cigarette products that involve or, at least, 
that appear to involve lower risks. Cigarette manu-
facturers have introduced and promoted, for in-
stance, filters, and “mild” and “low tar” cigarettes. 
Some of these products, which can be seen as ef-
forts to apply incremental innovation to preserve 
the established order, have been commercial suc-
cesses. In general they do not substantially reduce 
risks — and in some cases increase them (e.g. by 
enabling smoke to penetrate further into the lungs) 
[Song et al., 2017].7 
Conventional cigarettes are “combustibles”, burn-
ing tobacco and releasing nicotine in the smoke cre-
ated — which also contains substances associated 
with health problems for users and passive smokers 
alike. Recognizing this, a more dramatic innova-
tive effort involved the introduction of “Heat Not 
Burn” (HNB) products. These use batteries to heat 
tobacco (to temperatures well below those reached 
by burning it) so that nicotine vaporizes and can 
be inhaled.8 Other substances are also vaporized. 
There has been controversy about the extent to 
which carcinogens are involved - something that 
is liable to vary across different HNB products. To-
bacco companies introduced HNB devices in the 
1980s, but these made little market impact. Users 
criticized their appearance, cumbersome features, 
and the taste and feel of the smoking experience. 
Marketing them as “safer” alternatives was also 
difficult, as it meant conceding that combustible 
cigarettes were unsafe, and raised issues with regu-
lators.9 HNB technology has recently been revived, 
as we shall see below.
The prospects for a disruptive technological inno-
vation increased dramatically in the present centu-
ry, with the emergence of e-cigarettes, ENDs. Un-
like HNB (and, of course, traditional combustible 
cigarettes), ENDS do not use tobacco leaves (see 
Box 2), but still supply nicotine and an experience 
much like cigarette smoking.
During the 2010s, many voices suggested that 
ENDS could be disruptive to tobacco industries. 
For example, Citigroup presented e-cigarettes as 
a leading case in the very first issue of its annual 

series on disruptive innovations [Spielman, Azer, 
2013]. More recently, Euromonitor took the e-cig-
arette firm Juul as a prime example of “Insurgent 
Brands”. Juul Labs is described as follows:

“the product of an independent nicotine deliv-
ery and vapourisation device start-up” that has 

“reconfigured the global nicotine landscape. It 
created a new category…[it] drove declines in 
the value of major tobacco company shares and 
provoked strategic revisions such that the USA’s 
leading tobacco company jettisoned all its ex-
isting e-cigarette offerings. JUUL Labs raised 
US$1.2 billion in funding in June 2018, valuing 
the company at US$16 billion. Just 6 months lat-
er, Altria10 bought 35% of JUUL Labs for around 
US$13 billion valuing it at US$38 billion…. Al-
though the market for vapour products remains 
a fraction of that for cigarettes, the growth tra-
jectory of both categories is very far apart. We 
expect to see 20.1% real growth in retail sales in 
value terms of vapour products in 2018, com-
pared to 0.4% for cigarettes.” [Brehmer, Boum-
phrey, 2019, p. 10]. 

The largest markets for ENDS are generally report-
ed to be the USA and then the UK (e.g. WHO, 2016). 
According to BBC news reports [Jones, 2019], Eu-
romonitor (a market research firm) estimated re-
cently that the worldwide growth in the number of 
people vaping over the period 2011-2018 was from 
about seven million to some 41 million. They fore-
cast 55 million users in 2021 – still only around 5% 
of the number of users of combustibles. The global 
market was estimated as being over $19bn, with 
the largest components being the USA (c$7bn), UK 
(c$3bn), followed by France, Germany, and Chi-
na (each under $2bn). This compares with much 
larger figures for the global cigarette market size, 
where estimates involve hundreds of billions of 
dollars.11 But Euromonitor’s data do indicate that 
in terms of “value” (i.e. sales) vaping products in 
2017 saw a growth of 50.7%, as opposed to 2.8% 
for combustible cigarettes, while in terms of “unit 
volume growth”12 the respective figures were 36.8% 
and -1.4% [FSFW, 2018]. These radically different 
growth rates suggest that a disruption in the ciga-
rette landscape may be underway.

7 These strategies, and other efforts to remove poisonous substances from tobacco, are discussed in detail in [Parker-Pope, 2001].
8  There have been some concerns over the safety of the batteries used in these devices and a number of reports of explosions associated with these. For a 

discussion of injuries associated with such explosions see [Rossheim et al., 2019].
9  For a discussion of the early HNB experience under the rubrics of “High-tech Cigarettes” and “Smokeless Smokes” see [Parker-Pope, 2001].
10 Altria (formerly Philip Morris), with a revenue in 2018 of over $25 billion, is one of the world’s largest tobacco companies, and currently holds a c50% 

market share of cigarettes in the USA. 
11 See for example the report at https://www.statista.com/statistics/259204/leading-10-tobacco-companies-worldwide-based-on-net-sales/ (accessed 

13.10.2019), which also reports that the biggest firms in sales terms are Philip Morris International (2018 sales of nearly $30bn), British American Tobacco 
(over $26bn), Imperial Tobacco, Altria, and Japan Tobacco all around $20bn. It should be remembered that consumer prices for cigarettes vary considerably 
around the world, so some of the heaviest concentrations of smokers are based in countries that appear to have relatively small tobacco industries in terms 
of turnover; and some markets are served by artisanal production (e.g. of “bidis” rather than manufactured cigarettes in India). 

12 The individual “cigarette stick” and equivalents to this, were used as the unit.
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The use of data from a market research company 
Euromonitor reflects in part the fact that only a 
few countries have accurate data on these phenom-
ena. Especially valuable would be data that indi-
cate whether people are shifting from combustible 
to electronic cigarettes, using the two as comple-
ments, or (most controversially) initiating nicotine 
consumption via ENDS. 
The statistics for UK provide some relevant data. 
The Office for National Statistics [UK ONS, 2019] 
reports an ongoing decline in the number of UK 
adults who were current cigarette smokers, from 
20.2% of the adult population in 2011 to 14.7% 
in 2018. Cigarette use has been monitored by the 
Opinions and Lifestyle Survey13 from 1974, with  
e-cigarettes studied from 2014. Over 2014–2018, 
vapers rose from 3.7% to 6.3%. of the adult popu-
lation. More than half of these said they vaped to 
help themselves quit smoking; just under a third be-
cause they saw vaping as less harmful than smoking. 
A detailed analysis of these and other survey data is 
presented by Public Health England [McNeil et al., 
2019], where among the points made are:
•	The majority of adult vapers are ex-smokers.
•	ENDS have not interrupted the downward 

trend in uptake of cigarettes.
•	The prevalence of vaping does not seem to be 

on the rise since 2015 (some commentators re-
late this to widespread views that e-cigarettes 
are as unhealthy as combustibles14).

•	Members of higher socioeconomic groups are 
less prone to smoke and are more likely to vape 
in order to quit smoking, while those from 
more disadvantaged groups are more likely to 
continue to smoke.

•	The uptake of ENDS among non-smokers is 
very low – less than 5% of vapers are “never 
smokers”, though there is a possibility that this 
figure is increasing (see the lowest trend line in 
Figure 3, which adds more recent data).

These conclusions suggest that ENDS are indeed 
potentially disruptive, in the sense of users actu-
ally moving away from combustibles. The ambi-
tion of many vapers is to move away from nicotine 
altogether. Some vapers, however, have become a 
subculture, holding annual conferences, competi-
tions about being able to blow the most impressive 

“smoke” rings, and the like (a striking journalistic 
report is [Usborne, 2018]).15 
Consumers are expected to adopt disruptive in-
novations if these are felt to offer more benefits 
and/or fewer costs. If ENDS are to be more than 
a niche innovation, they have to provide the plea-
sure to the consumer (benefits), while reducing the 
costs (health risks). Consumer beliefs about health 
risks will be influenced by messages from credible 
sources, such as scientific authorities (though their 
messages are mediated through reporting in mass 
media, press releases, and the like). What do we 
know about health risks of ENDS?

13 Of adults aged 16 years and above in Great Britain — this excludes Northern Ireland.
14 ASH [ASH, 2019] present data showing an increase from 7% in 2013 to 25% in 2017 in the proportion of the adult population thinking that e-cigarettes are 

“more or equally harmful as smoking”.
15 For data on the situation concerning smoking, regulation, ENDS, and THR see https://gsthr.org/global-data/ (accessed 14.11.2019).

Note: Over this period the proportion of the adult population who are current ENDS users grew from 4.2% to 7.1%, 2.1m to 3.6m.
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Figure 3. Structure of Adult e-Cigarette Use, Adults in Great Britain, 2014-2019
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Health Risks and ENDS
Only a few studies directly compare ENDS use 
with smoking combustibles. Stephens [Stephens, 
2017] examined the emissions from (one type of ) 
ENDS, cigarettes, an HNB device, and a medical 
inhaler for nicotine. Stephens reported that while 
aerosols from ENDS contained various carcino-
gens, these were mostly at less than 1% of the po-
tency of tobacco smoke. (When excessive power 
was delivered to the ENDS coil, high levels of some 
carcinogens would be released.) Medical inhalers 
were seen as posing least lifetime risk associated 
with carcinogens, followed by ENDS, then HNB, 
and finally combustibles. Note the implication that 

ENDS devices and applications may vary in health 
impacts — as designs proliferate, we may be less 
able to make generalizations.16 Ideally, innovation 
would be directed towards lower health impacts: 
technological possibilities, regulations, and market 
demand all have roles here. 
A second study, Chen et al [Chen et al., 2017], com-
pared ENDs with combustibles, using the U.S. En-
vironmental Protection Agency’s methodology for 
human health risk assessment. Twelve toxicants 
earlier identified as posing the greatest health risks 
were used as assessment criteria, and the estimates 
of exposure calculated, assuming similar usage 
patterns of ENDs and combustibles. Both practices 

16 This is confirmed by NASEM [NASEM, 2018, p. 6]: “Conclusion 5-2. There is conclusive evidence that, other than nicotine, the number, quantity, and 
characteristics of potentially toxic substances emitted from e-cigarettes are highly variable and depend on product characteristics (including device and 
e-liquid characteristics) and how the device is operated.” Cf., “Conclusion 5-3. There is substantial evidence that except for nicotine, under typical conditions 
of use, exposure to potentially toxic substances from e-cigarettes is significantly lower compared with combustible tobacco cigarettes.”
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Figure 4. MCA Appraisal of Different Ways of Acquiring Nicotine: Weighted Scores (%)
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were found to have health risks, but combustibles 
posed much higher risks. Low quality ENDS were 
liable to be more problematic than devices with 
higher manufacturing and quality standards. These 
authors conclude that switching to high-quality e-
cigarettes has the potential to save millions of lives. 
A major review of evidence was undertaken by an 
expert group for the National Academies of Science, 
Engineering and Medicine. Its first conclusion as 
to harm reduction was “Conclusion 18-1. There is 
conclusive evidence that completely substituting 
e-cigarettes for combustible tobacco cigarettes re-
duces users’ exposure to numerous toxicants and 
carcinogens present in combustible tobacco ciga-
rettes.” More explicitly “... across a range of stud-
ies and outcomes, e-cigarettes pose less risk to an 
individual than combustible tobacco cigarettes” 
[NASEM, 2018, p. 11].
In 2014, the UK-based Independent Scientific Com-
mittee on Drugs convened an international expert 
panel (spanning a range of disciplines) [Nutt et al., 
2014]. Multicriteria Analysis — a method familiar 
in Foresight studies — has been adopted to bring 
together expert opinion in order to address the 
likely health (and other negative) implications of 

different routes for nicotine delivery. The experts 
discussed various products and types of harm, and 
then assessed each of the 14 harms occasioned by 
12 products. Both harms to the user and harms to 
others were addressed with seven items each. Each 
criterion was also assessed in terms of relative im-
portance. Ratings were made on a 0–100 scale, with 
100 referring to the most harmful product on a giv-
en criterion, and 0 defined as no harm. As Figure 4 
indicates, cigarettes and small cigars were seen as 
far more potent sources of harm than other nico-
tine delivery systems. This study was employed in a 
widely cited reference point for assessment. In the 
subsequent debate concerning this study, the au-
thors suggested that one simple way of interpreting 
the result is to see e-cigarettes as twenty times less 
harmful than combustibles [Nutt et al., 2016].
What would it mean for health if the disruptive in-
novation actually were to prove successful? Clear-
ly, in addition to the actual reduction in health 
risks, such factors as speed of diffusion/substitu-
tion, similarity of usage patterns, effects on rates 
of complete cessation of nicotine use, will need to 
be taken into account if forecasts are to have much 
grounding in plausible trends. Sophisticated mod-

Source: based on data presented in  [Levy et al., 2018].

Figure 5. Estimates of Impacts in the USA of a Shift (over 2016–2016) from Combustibles to ENDS 

а) Point projections, all age cohorts and both sexes combined
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eling is undertaken within the tobacco industry 
(e.g. [Lee et al., 2017; Djurdjevic et al., 2018], which 
is evidently attentive to future market prospects. 
Steps toward assessing health impacts of a shift to 
ENDS are presented by [Levy et al., 2018], who ex-
amine the US situation until 2100. Mortality and 
LYL (life years lost) are compared across a Status 
Quo scenario and Optimistic and Pessimistic sce-
narios. In the Status Quo scenario, smoking rates 
(from 2016) were projected forward, using data on 
rates of smoking initiation and cessation based on 
1965–2012 data for different ages and sexes. The 
Optimistic and Pessimistic scenarios differ in three 
respects. First, residual cigarette smoking is merely 
5% of the Status Quo value in the former, while in 
the latter it is 10%; the transition to these levels 
is assumed to take 10 years. Second, the initiation 
of uptake varies across scenarios; in the Optimistic 
scenario the initiation of e-cigarette use is assumed 
to be at the same rates (by groups) as is the ini-
tiation of cigarette use in the Status Quo Scenario, 
after reaching a 5% smoking prevalence. In the 
Pessimistic Scenario, it is assumed that nicotine 
use has become more “normalized” as a result of 
e-cigarettes; ENDS initiation is assumed to occur 
more rapidly (150% of the Status Quo scenario’s 
smoking initiation rate). Third, the Optimistic Sce-
nario, takes the excess risk of ENDS as being 5% 

that of cigarette use, while the Pessimistic scenario 
assumes it to be 40%.17

Figure 5 provides a visual representation of the 
overall implications of the scenarios. They con-
verge in terms of premature deaths and life years 
lost by 2100. However, over the course of the 
84  years the Pessimistic Scenario yields 1.6 mil-
lion premature deaths averted, some 20.8 million 
fewer life years lost compared to the Status Quo. 
The Optimistic Scenario features 6.6 million few-
er premature deaths and some 86.7 million fewer 
LYLs. These cumulative outcomes imply that a 
huge disease burden could be alleviated by a mass 
shift from combustibles to ENDS. (More detailed 
analysis, examining the relative experience of dif-
ferent age and sex groups, shows, for example, that 
the greatest impact of the shift to ENDS in the USA 
would be among younger cohorts).
A far wider range of assumptions for the model-
ing of LYL outcomes (to 2050 and 2070) was de-
veloped by [NASEM, 2018]. This compares vari-
ous assumptions, many of them quite extreme, as 
to (a) the relative harm of e-cigarettes compared 
with combustibles (from 0 to 50% of the harm, (b) 
their potential effects on rates of initiation of com-
bustible use (from neutral to a 50% increase), and  
(c) on cessation of combustible use (from a reduc-

17 The model takes into account the effects of people moving from being smokers to becoming vapers, as well.

Source: [Warner, Mendez, 2018, Table 1].

Figure 6. Scenarios for Impact on Life Years Lost in the USA
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tion of -5% to increases of up to 15%). A total of 
85  different combinations of these assumptions 
were explored. Some of these suggest major sav-
ings in LYLs, because ENDS offer only benefits. 
Others present far more threatening outlooks. For 
example, if ENDS substantially promotes initiation 
of smoking, then this leads to greater mortality and 
LYL in later years. (The benefits of increased net 
cessation emerge more immediately than the nega-
tive effects of increased initiation. Example: even 
if ENDS cause no harm directly, if they increase 
the rate of initiation of smoking by one-quarter, 
while increasing net cessation by 5 percent (to 
4.57 percent) in 2015, a saving of nearly a million 
LYLs by 2050 would amount to a net loss of over 
half a million LYLs by 2070.) The conclusion that 
ENDS might be positive for public health over im-
mediate decades, but negative in the longer term, 
achieved much publicity. But the NASEM’s own 
summary states that “The modeling results suggest 
that, under likely scenarios, the use of e-cigarettes 
in the population will result in a net public health 
benefit....Under extreme adverse assumptions, the 
modeling projects a net public health loss.”18 Even 
under assumptions that ENDS present 10% of the 
risk of combustibles increasing the initiation of 
smoking by 10%, while that of cessation is only 5%, 
the worse of the scenarios thought likely, the re-
duction in LYLs from 2012-2017 was 1 million. In 
the best of these scenarios, the saving of LYLs was 
over six times this amount.
Warner and Mendez [Warner, Mendez, 2018] also 
consider also effects of ENDS on initiation and 
cessation of smoking of combustibles, in US sce-
narios to 2070. In a “Status Quo” scenario derived 
from historical data and assuming no introduction 
of ENDS, the background initiation rate falls from 
20% in 2010 to 10% in 2028, and the background 
cessation rate increases from 4.18% in 2010 to 6% 
in 2028.19 LYLs from this status quo are then com-
pared with those for three scenarios — “sensitiv-
ity analyses”. All of these feature assumptions that 
are “biased against finding a net benefit from vap-
ing — to test the robustness of base-case findings” 
[ibid., p. 43]. Sensitivity analysis 1 simply assumes 
that every smoker who quits smoking as a result of 
vaping loses 10% of the mortality reduction associ-
ated with quitting smoking outright. Analysis 2 as-
sumes a vaping-induced initiation rate increase of 
6%, three times what the authors estimated would 
be the most likely effect. Analysis 3 combines the 
increases of 6% in initiation rate and 5% in ces-
sation rate, and the loss of 10% of the mortality 
reduction associated with quitting smoking with-

out vaping. Figure 6 illustrates the results of these 
three analyses.
These scenarios indicate that benefits for public 
health of ENDS from helping cessation far out-
weigh the costs associated with vaping inducing 
additional young people to become smokers. War-
ner and Mendez see this conclusion as being con-
sistent with those of most other published model-
ing studies. In contrast with [Levy et al., 2018] — 
with a potential gain by 2100 of tens of millions 
life-years, Warner and Mendez estimate by 2070 
a net gain of 3.3 million life-years. They see this 
as reflecting the former study having outlined sce-
narios in which vaping replaced smoking entirely 
within a decade — an immense disruption — while 
their study considered “evidence-based marginal 
vaping-induced changes in initiation and cessation” 
[Warner, Mendez, 2018, p. 44]. Though the esti-
mated net benefits are only a small fraction of the 
huge toll of smoking-related LYLs, this small frac-
tion remains a remarkably serious figure in terms 
of public health.
These modeling studies, furthermore, only consider 
the USA. Should analysis of this sort be extended to 
other countries and regions, the global figures would 
doubtless be enormous. In areas where cigarette use 
is not (yet?) declining, the impact of ENDS could 
be even more striking. However, the shift to ENDS 
use might be more problematic, since the current 
prices of the new devices are practically prohibitive 
for many consumers in some of these areas. 

Responding to Disruption
Tobacco companies have not been complacent in 
the face of this threat. One strategy is illustrated by 
the cases of blu (Imperial) and Dragonite, as well as 
Altria and Juul, mentioned above. Some leading in-
cumbents have acquired ownership, or partial owner-
ship, of major insurgents. The Surgeon General’s re-
port [Surgeon General, 2016, Table 4.3] featured over 
20 acquisitions or partnerships between established 
firms and ENDS newcomers before the end of 2015. 
Clearly, these incumbents perceived a realistic chal-
lenge from the disruptive innovation. A cover story 
published by Newsweek in May of that year highlights 
the British American Tobacco case [Newsweek, 2015]. 
Another strategy has been to develop their own 
alternative products. This would be in line with 
earlier efforts to overcome health-related concerns. 
Thus, Philip Morris International (PMI) is current-
ly marketing IQOS, a novel Heat-Not-Burn prod-
uct that has proven much more successful than ear-

18 This formulation is on slide 40 of the presentation accompanying [NASEM, 2018], available at: https://www.nap.edu/resource/24952/NASEM-E-Cigs-
Webinar-Slides.pdf (accessed 17.12.2019) 

19 Initiation and cessation rates stay at 2028 levels thereafter.
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lier attempts at HNB. IQOS was launched in Japan 
in 2014 and now has a presence on several other 
markets, including the USA (where it launched in 
October 2019 having gained regulatory approval).20 
British American Tobacco (BAT) offers an HNB 
product, “glo”: both IQOS and glo are permitted 
and on sale in shopping malls in Russia.
Parts of the established tobacco industry, then, 
have sought their own sustaining innovations 
(HNB). Parts have accommodated themselves to 
the disruptive technology, often partnering with 
the new competitors. The situation remains in 
flux, with different firms pursuing different (and 
sometimes multiple) strategies, while there is also 
much variety across different countries. China is 
an outstanding exception. China features a distinc-
tive market situation. The tobacco industry is ef-
fectively a state-owned enterprise (cf. [Li, 2012]). 
Cigarette prices, and consumer awareness of the 
health risks of smoking, are low by international 
standards [ITC, 2017; Horwitz, 2019]. A compari-
son of web coverage on ENDS in China and the 
West notes a lack of online information from pub-
lic health authorities in China (Chen et al, 2020). 
China has the world’s largest smoking population: 
over 300 million smokers [ITC, 2017]. Over a mil-
lion people die annually in China from smoking-
related diseases; a figure forecast to treble by 2050 
unless more substantial steps are taken to reduce 
that toll [ITC, 2017]. Ironically, given the “inven-
tion” of contemporary ENDS in China, and the 
presence of Chinese firms on international mar-
kets — the vaping population is low. Journalists 
report that China Tobacco is exploring HNB prod-
ucts, while e-cigarettes are coming under tighter 
regulation [Horwitz, 2019; Kirton, 2019]. 
Not only do industry and regulatory structures vary 
across countries, as do markets: the cost of ENDS 
or HNB systems may be problematic for poorer 
people, especially in poorer countries. Where 
ENDS are available, new firms and supply chains 
have arisen and continue to evolve. New comple-
mentary suppliers offer their own “mods”21, as well 
as vaping liquids, flavors, and cartridges. One im-
portant element is that of “user innovation” (e.g. 
enthusiasts modifying battery features of ENDS 
devices). In some cases, there are illicit products 

and markets, including vapes whose critical ingre-
dient is not nicotine, but substances derived from 
cannabis or “designer drugs”.
An important role in the evolution of markets for 
combustibles and alternatives is played by regula-
tors and public health organizations. In some in-
stances, these bodies welcome a less harmful al-
ternative to cigarettes and celebrate disruption. In 
many other cases, they are hostile.
There are several elements to this hostility. While 
many proponents of vaping have seen the innova-
tion as a challenge to “Big Tobacco”, champions of 
tobacco control see the growing ties between ciga-
rette firms and the insurgents as evidence that “Big 
Tobacco” has found a new battlefront. Proponents 
of tobacco control have long been locked in verbal 
conflict with those opposed to regulation. Tobacco 
firms engage in various ploys, not least disputing 
the scientific evidence of strong links between 
smoking and ill-health and denying that nicotine 
was addictive. A visceral reaction to tobacco com-
panies leads to suspicion about anything they advo-
cate. It is hard enough to restore faith in an individ-
ual corporation, but practically an entire industry 
is tarred here (no pun intended). 
A second set of reasons to resist the innovations 
portrays ENDS as a Trojan Horse. Vaping may be 
a “gateway drug”, leading people (especially young 
people) towards cigarette use, via addiction to nico-
tine, and the normalization  of smoking [Chapman, 
Wakefield, 2013].22 These ideas are disputable; criti-
cal analyses of the “gateway theory” include [Etter, 
2017; Bell, Keane, 2014; Phillips, 2015]). Evidence 
that ENDS use risks undermining the gains of to-
bacco control is ambiguous. In the USA, in particu-
lar, there has been considerable concern expressed 
about young people’s adoption of e-cigarettes, with 
Juul portrayed as a major villain. In contrast, Pub-
lic Health England concludes that vaping is often 
pursued as a route out of smoking and supports the 
UK’s combination of strict product regulation and 
relatively liberal policy concerning sales to adults. 
[McNeill et al., 2018] present the latest evidence re-
view on the topic.23 
A third set of reasons relate to the possible health 
hazards of ENDS. Since these are fairly new tech-

20 According to https://www.pmiscience.com/our-products (accessed 15.11.2019) PMI is developing “four smoke-free product platforms, two of which are 
heated tobacco products and two are e-vapor products”.

21 Users modify ENDS devices so as to achieve different results (e.g. the production of visible vapor, the inhalation of different aerosols). An idea of the large 
range of “mods” that are available can be gained from the products featured at https://vaping360.com/best-vape-mods/ (accessed 02.11.2019).

22 An echo of this viewpoint, which is bound to alarm public health officials and reinforce the view of tobacco industry intentions to profit from HNB and 
ENDS is provided by British American Tobacco in a guide for investors in March 2019 [British American Tobacco, 2019].

23 The UK Government’s position, in the section on e-cigarettes at https://www.gov.uk/government/publications/health-matters-stopping-smoking-what-
works/health-matters-stopping-smoking-what-works (published 25.09.2018; accessed 21.11.2019), includes the statements: “Leading UK health and public 
health organisations … agree that although not risk-free, e-cigarettes are far less harmful than smoking. …E-cigarettes are currently the most popular stop 
smoking aid in England…. Over half (51%) have stopped smoking completely and of the 45% who still smoke, half say that they are vaping in order to stop 
smoking… There is growing evidence that e-cigarettes are helping many thousands of smokers in England to quit. The available evidence from research 
trials suggests that their effectiveness is broadly similar to prescribed stop smoking medicines and better than NRT products if these are used without any 
professional support…”
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Dates of symptom onset and hospital admission for patients with lung injury associated 
with e-cigarette use, or vaping in the United States, March 31–December 10, 2019

Source: https://www.cdc.gov/tobacco/basic_information/e-cigarettes/severe-lung-disease.html#epi-chart (as of 15.12.2019).

Over the course of 2019, reports began emerg-
ing – almost exclusively in the USA and later 
Canada — of users of vaping devices suffering 
serious lung problems (a condition called “pop-
corn lung”, which can be fatal). The figure below 
indicates the emergence (and subsequent de-
cline) of this phenomenon in the US. While nu-
merous observers noted that it was unlikely that 
this could be a result of the use of e-cigarettes of 
the kind that had been safely used for years, and 
the likelihood was that the issue was to do with 
vaping substances other than nicotine and com-
mon flavorings, most public health authorities 
issued urgent warning about ENDS use in gen-
eral — and this was picked up around the world. 
It took several months for US authorities to ef-
fectively confirm the suspicion that these cases 
were associated with use of vaping equipment to 
inhale THC (an active component of cannabis).
The Center for Disease Control and Prevention 
(CDC) [CDC, 2019] announced that they had 

“identified vitamin E acetate as a chemical of 
concern among people with e-cigarette, or vap-
ing, product use associated lung injury ... labo-
ratory testing of ...fluid samples collected from 
the lungs…[of] patients … found vitamin E ac-
etate in all of the samples. Vitamin E acetate is 
used as an additive, most notably as a thickening 
agent in THC-containing e-cigarette, or vaping, 
products…” 
By December 10, 2019, over 2,400 hospitaliza-
tions and over 50 deaths were reported by the 
CDC, with new cases still emerging (though at 
a decreasing rate). According to CDC: “THC-
containing e-cigarette, or vaping, products, 
particularly from informal sources like friends, 
family, or in-person or online dealers, are linked 
to most of the cases and play a major role in the 
outbreak… Dank Vapes, a class of largely coun-
terfeit THC-containing products of unknown 
origin, was the most commonly reported prod-
uct brand used by patients nationwide.”

Box 3. The “Mystery Vaping Illness”
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nologies, long-term health consequences are yet to 
manifest themselves. Expert opinion on the rela-
tive risks of new products versus combustibles, dis-
cussed above, continues to be embedded into UK 
policies. However, debate has continued around 
the extent to which e-cigarettes may have dan-
gers of their own. Especially where product qual-
ity has not been adequately regulated, it is likely 
that vapers may be inhaling unhealthy substances. 

While the two key terms here are imperfect de-
scriptors of the alternative philosophies, their 
use is ingrained and we will follow it below.
The prohibitionist, or abstentionist, point of 
view seeks to prevent the behavior that is associ-
ated with harm. Many cases concern a behavior 
with overtones of immorality – sexual promis-
cuity, drug abuse, driving above the speed limit. 
Risks associated with, for example, long-estab-
lished sporting activities, are less often seen as 
requiring such an approach.
In the present case, prohibitionists stress the im-
portance of tobacco control measures. They of-
ten see ENDS as a serious threat to the success of 
these measures (for reasons outlined in the body 
text). Some resistance to the disruptive innova-
tion thus stems from quarters who are habitually 
aligned against the industries threatened with 
disruption. This is the mainstream position in 
many national and international public health 
bodies. Obstructive regulation could thus limit, 
or even suppress, the disruption.  
The harm reduction point of view typically ac-
cepts that, even when discouraged (or even of-
ficially prohibited), many people will persist in 
undertaking risky practices. It highlights mea-
sures that can reduce the resulting harm.I 
Though the approach has a long history (for 
example, mandating automobile seatbelts and 
motorcycle helmets), the terminology of “harm 
reduction” rose to prominence with the AIDS 
crisis in the 1980s. Condom use would reduce 
the risks of sexual intercourse; needle exchange 
and related approaches would restrict spread 
within (and from) communities of intravenous 
drug users (cf. [Berridge, 1999]).  The harm 
reduction approach has found many adher-
ents in controversial areas of social and health 

policy such as sexual behavior and drugs – for 
a review of evidence and criticisms see [Hunt, 
2003]. Harm reduction approaches to ENDS 
are outlined by [Polosa et al., 2013] (this paper 
also discusses snus, the innovative alternative to 
chewing tobacco). 
An individual may well take a prohibitionist view 
of one topic, and a harm reduction view of an-
other, and attitudes may be contingent upon the 
opportunities for enforcement of rules and for 
reduction of riskiness. However, tobacco control 
prohibitionists, such as Tobacco Tactics (an or-
ganization that investigates and documents the 
“strategies and tactics the tobacco industry uses 
to undermine public health”) warn that:
“One of the reasons harm reduction is a sensi-
tive topic is that it could involve engaging with 
the tobacco industry, which has a history of 
manipulating public debate and public health 
policy… To fully understand the harmfulness 
of potentially reduced risk products and their 
effectiveness for smoking cessation, tobacco 
industry investments and research into harm 
reduction and potentially reduced risk prod-
ucts should be carefully scrutinised… In fact, a 
number of scientists leading the debate on harm 
reduction and/or potentially reduced risk prod-
ucts are funded by the tobacco industry.”II

 
Notes:

I Harm Reduction International hosts an annual conference on the 
field, and its website (https://www.hri.global/about) provides exten-
sive documentation on the topic,   with updates on the application of 
the approach (especially in relation to drug use) at https://www.hri.
global/global-state-harm-reduction-2018  (accessed 24.11.2019). 
Much useful discussion on harm reduction in relation to ENDS is 
featured at the Nicotine Policy group at https://groups.google.com/
forum/#!forum/nicotinepolicy (accessed 15/02/2020).

II Source: https://www.tobaccotactics.org/index.php?title=Harm_
Reduction (accessed 23.11.2019).

Box 4. Prohibition versus Harm Reduction

A number of deaths and injuries have been caused 
by exploding batteries and user modification of this 
component of e-cigarettes is reportedly involved in 
several cases [Equation, 2019].24 A number of hos-
pitalizations have arisen in the UK when drug deal-
ers sold e-liquids that were claimed to feature can-
nabis, but instead were packed with a dangerous 
designer drug [Day, 2019]. A “wild card” arose in 
the United States in the summer of 2019 — a “mys-

24 For discussions in user communities see also: https://www.e-cigarette-forum.com/threads/exploding-vape.896751/ (accessed 25.11.2019).
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tries, with numerous competing products emerg-
ing (not only ENDS, but also, for example, HNB 
and snus), and with competing viewpoints, this 
would seem to be an important topic for a Fore-
sight study. What forms could such a study take?

Foresight25

Foresight exercises address alternative futures and 
uncertainties. They engage experts and stakehold-
ers to examine these alternatives and the scope for 
human agency to shape patterns of development. 
They go beyond forecasting and thus beyond the 
sort of modeling discussed earlier. In our case, es-
timates such as those of loss of lives and life-years 
in different scenarios, provided by modeling can 
be important inputs to a Foresight exercise. They 
give a quantitative dimension to scenario analysis 
and policy targets. Analyses such as those con-
cerning the impacts of a shift to ENDS in the USA 
alone, could be valuably extended, ideally to cover 
the whole world, and drawing on data concern-
ing plausible rates of adoption and cessation. Such 
analyses can also be valuable for benchmarking the 
circumstances of different countries. 

Focus 
Any Foresight exercise has a focus. This could be 
the overall question of future tobacco use, its im-
pacts, and strategies for limiting its toll on human 
health. Alternatively, in line with many technology 
foresight exercises, it could focus specifically on 
disruptive innovation, considering how innovative 
products and practices might emerge and reshape 
the smoking landscape. Here it would be particu-
larly important to consider not just the disruption 
of ENDS, but also what may be seen as the “sustain-
ing” innovation of Heat-not-Burn, where products 
such as IQOS and Glo have succeeded in making 
inroads onto several markets.26 Though these have 
originated from big players in the tobacco industry, 
they radically differ from conventional combus-
tibles, require change on the part of users as well 
as on the supply side, and may have considerable 
potential for harm reduction. Their social impacts 
are more significant than their attaining the status 
of “disruptive innovations”.
The focus features a major topic and also has geo-
graphical and temporal dimensions: what locality, 
what time horizon? The focus usually reflects the 
sponsoring agency. Often these exercises are com-
missioned by national government agencies or by 
international bodies such as the European Com-

tery vaping disease” resulted in thousands of cases 
of lung damage, and several deaths (see Box 3). 
That third case against ENDS may apply less to 
HNB, where there is less of a technological break 
with combustibles. However, a fourth set of rea-
sons to oppose ENDS will apply equally to HNB. 
This time, the subject of stigma is not the tobacco 
industry, but nicotine itself. One fear is that nico-
tine use may damage young peoples’ development 
(Is this not detectable from decades of youth smok-
ing cigarettes?). But what looms large is concern 
about addiction. Even if it may not lead to the use 
of combustibles, and even if nicotine itself carries 
few health risks at typical levels of consumption, 
the existence of a nicotine “habit” is seen as inher-
ently unpalatable. 
Numerous commentators frame these divergent 
reactions to ENDS among the public health com-
munity as reflecting the clash of prohibitionist and 
harm reduction philosophies (see Box 4.) Such 
prohibitionist and harm reduction viewpoints 
have come into conflict in many arenas and nico-
tine products is one of the latest. This conflict of 
viewpoints makes e-cigarettes a distinctive case of 
disruptive innovation. The situation varies a great 
deal across countries and has been heavily influ-
enced by reactions to events such as the “mystery 
vaping illness”, which, as mentioned above, has 
a great deal to do with secondary innovations 
spawned around the disruptive innovation. The 
incumbents have, in many cases, sought to accom-
modate themselves to the innovation, by offering 
their own new products. However, resistance to 
the innovation has been mobilized by stakeholders 
who have ongoing opposition to the suppliers of 
the established product, which the innovation was 
threatening to displace. The potential disruption 
has polarized the debate between the two philoso-
phies about how best to deal with the health risks 
of smoking.
This makes e-cigarettes a highly distinctive attempt 
at disrupted innovation. An unusual configuration 
of interests and philosophies have lined up in many 
countries to forestall this disruption. It may even 
be that radical change will be associated with a sus-
taining (?) innovation: HNB. 
The future prospects for tobacco harm are, as we 
have implied above, highly uncertain. We have 
seen estimates of the death toll, and life years lost, 
if current trends continue and the effects of more 
or less substantial shifts to use of ENDS. With the 
divergence in policies and regulations across coun-

25 The outline of Foresight activities presented here draws on the frameworks outlined in [Georghiou et al., 2008; Miles et al., 2016].
26 Popular and user-oriented discussions of the different products and technologies are emerging online — see for example [Koshelev, 2019]. For a literature 

review on HNB use and health risks see [Simonavicius et al., 2019].
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mission or one of its directorates. In many ways 
a multinational study that encompassed major 
world regions would be ideal — it could include 
areas with high cigarette usage, such as China, and 
countries with very different approaches to to-
bacco control and to harm reduction alternatives. 
For example, Sweden has interesting experience 
with snus and Japan with HNB. (One difficulty is 
that many organizations, e.g. WHO, already have 
strong positions on such innovations.) The time 
horizon could feature a relatively short-term ex-
amination or aim to look generations ahead. Given 
that technological innovations often take a couple 
of decades to diffuse widely27 and that the health 
impacts of cigarette smoking (and of ENDS?) un-
fold over an equally substantial period, it would 
make sense to cover at least the next twenty years.

Scenarios 
Future prospects are highly uncertain, with numer-
ous stakeholders are acting and reacting around the 
formulation and implementation of policies relat-
ing to tobacco control and to harm reduction (here 
we would include policies vis-à-vis ENDS, HNB, 
and similar new approaches to nicotine delivery). 

One way of exploring such ideas is to undertake 
scenario workshops. There are many different sce-
nario approaches [Miles et al., 2016] — one famil-
iar approach would be to identify major drivers 
and uncertainties, and design scenarios around 
these. Another approach would start by identifying 
extreme (but plausible) outcomes, such as those in 
a 2-by-2 scenario framework, in which one dimen-
sion would involve extremes in the evolution of to-
bacco control aimed at cigarettes, one on extremes 
in the regulation of ENDS. The plausible extremes 
would be a matter for debate and resolution in the 
workshops that would examine what factors and 
forces might lead to such a pattern of development. 
Other workshop activities might involve attempt-
ing to simulate the responses of various stakehold-
ers, with workshop members adopting “personas” 
representing different actors, how these might vary 
across countries and world regions, and in terms of 
outcomes for different social groups. 

Horizon-Scanning 
Scenario workshops are usefully informed by prior 
horizon-scanning activities. These might involve, 
literature reviews (State of the Science Reviews, 

27 Note that it is difficult to anticipate radical technological innovation more than a couple of decades hence, since this will often involve breakthroughs in 
knowledge that have yet to take place.

Таble 1. Areas of Innovation Related to ENDS and ENDS Use

Possible areas for 
technological and 
other types of 
innovation

•	 Conventional Cigarette products (e.g. novel additives, filters).
•	 Production of Combustibles (and production, e.g., automation, 3-D printing).
•	 ENDS designs and components (methods of vaporizing, sources of power, etc.)
•	 The liquids used to make vapors (flavors, aerosols, other ingredients).
•	 Alternative Recreational Products for Tobacco Users (new/improved noncombustible products such as e.g. 

snus, heat-not-burn (HNB)).
•	 Alternatives to nicotine (e.g. new recreational drugs, or new practices that supplant nicotine use).
•	 Medical techniques for managing nicotine dependency (e.g. Nicotine Replacement Systems such as 

patches).
•	 Medical techniques for reducing nicotine dependency (pharmaceuticals, vaccination, new 

neuropsychology-based approaches, etc.).
•	 Psychological approaches to reducing nicotine dependency (Cognitive-behavioral therapy, hypnotherapy, 

etc.; innovation here might include the use of new web-based support services, or wearable devices that 
support healthy lifestyles).

•	 Tobacco Control Policies (new strategies and the use of new technology in public health campaigns, 
restrictions on smoking and advertising).

Downstream 
innovation

•	 Medical approaches (or other techniques?) that could limit or correct one or more of the major harms 
occasioned by tobacco use - and/or harm related to the use of new products for delivering nicotine.

•	 Changing medical criteria concerning the treatment of diseases occasioned by practices known to be risky 
(e.g. restricting access to services for smokers).

Upstream innovation •	 Tobacco agriculture (as impacted by climate change, new crop varieties, novel cultivation techniques)
•	 Activities related to agriculture (including distribution, storage of tobacco crops).
•	 Use of tobacco crops (use of other parts of the plant than are currently processed, applications for purposes 

other than nicotine/cigarette production). 
•	 Ways of producing nicotine (for example, large-scale, low-cost biosynthesis via modified yeast or bacteria).

Source: compiled by the author.
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Bibliometric analyses, etc.) or more active elicita-
tion of expert opinion by means, say, of Delphi sur-
veys. One of the major purposes of such scanning is 
to examine the scope for technological (and social) 
innovations that could be important determinants 
of developments in the field. These might involve 
innovative products, production processes, social 
practices, regulations and regulatory systems, and 
new ways of measuring and monitoring activities 
and outcomes. 
Table 1 illustrates the wide range of topics that 
could be examined here. Such a panoply of devel-
opments is exactly the sort of complex evolving 
landscape that we confront in many technology 
Foresight studies. A literature review may identify 
emerging possibilities for innovation in the vari-
ous areas. Additionally, expert knowledge and cre-
ativity mobilized in, for example, brainstorming 
workshops and/or by the use of systematic creativ-
ity techniques could well pinpoint prospects that 
can be deduced from thinking about other lines of 
work. Once identified, key innovations can be ad-
dressed through workshops, Delphi surveys, and 
the like. For example, a Delphi survey could be 
organized to ask informed individuals about each 
innovation: how near it is to realization, when it 
might be launched, what the impacts would be (for 
example, health outcomes as well as other social 
and economic costs and benefits), what factors 
might facilitate or inhibit development, and so on. 
Appraising future markets and regulations involves 
the analysis of key drivers, for example using 
STEEPV. Such factors may well vary across (and 
within): they include social trends (such as the 
conditions that may lead to a desire for stress relief, 
attitudes toward the use of psychotropic drugs, and 
levels of concern about health and lifestyle) as well 
as economic and political factors (among which 
the incomes governments derive from the tobacco 
tax may be important, while in some countries the 
links between tobacco industry and the state may 
be very strong — to the point where large cigarette 
manufacturers may be state-owned ). Again, such 
developments can be addressed through media 
analysis, literature review, and the elicitation of ex-
pert opinions.

Wild Cards
Such enquiries would normally proceed before, and 
inform, scenario analysis. It will also be important 
in the course of such work to pay attention to wild 
cards — things that are not expected to have a prob-
ability of more than 1 in 10 of coming about, but 

that would have an immense impact if they did. The 
“mystery vaping illness” of the summer of 2019 (see 
Box 3) combines two topics where early warning 
signals were already apparent. First is the use of vap-
ing systems for inhaling drugs other than nicotine. 
It is not uncommon for complementary and user in-
novations to be “wild cards” for the initial innovator, 
substantially changing the way in which their prod-
ucts may be used, and the cultural meanings they 
acquire. Second, is the emergence of unexpected 
health risks (apparently) linked to ENDS. The sud-
denly emerging wild card involved the fusion of 
these two topics. Mass media and politicians inter-
preted the damage done by illicit vaping activities 
as indicative of a danger in all e-cigarettes. Not only 
did it seemingly confirm fears about vaping being 
potentially harmful, but at the same time there was 
much media coverage about teenage vaping “epi-
demic”. Concerns about the “mystery vaping illness” 
intersected with those about “a large increase in the 
proportion of high schoolers who reported any vap-
ing in the past 30 days, from 11.7% in 2017 to 27.5% 
in 2019” in the USA [Fairchild et al., 2019, p. 1319]. 
The response there and in several other countries 
has been restrictions on flavorings that are believed 
to appeal to young people in particular, and other 
moves to restrict ENDS use.28 Ironically, it is plau-
sible that potential users may have been motivated 
by the health scare to explore HNB devices instead 
of ENDS.
Further wild cards are likely to arise and hindsight 
will subsequently portray them as less “wild” than 
originally thought. Foresight discussions often 
throw up possible wild cards, but they can also be 
deliberately focused on. STEEPV can be used as 
a framework to brainstorm wild possibilities, and 
workshops can explore their implications. Experi-
ence suggests that, while we can often successfully 
identify wild card events, the specific manifesta-
tion of a wild card, and the cascading reactions of 
social actors, may take quite different forms from 
those envisaged. A whole pack of wild cards may 
ensue, leading to outcomes that can be highly de-
pendent on the precise intensities and sequences 
of events.
These are among the most challenging aspects of 
Foresight studies – so much so that a distinct field 
of work on “risk assessment” has been developed 
to examine catastrophic wild cards, including also 
those phenomena believed likely to happen but 
with highly uncertain timing (extreme natural phe-
nomena, from earthquakes to Carrington Event-
type solar storms29, are often of this type). Human 

28 Among recent press reports, one that discusses pressure on UK regulators is [Waldie, 2019].
29 It is believed that a repeat of the Carrington Event of 1859, which created beautiful auroral displays but disrupted telegraph systems, would severely damage 

global electrical and communications networks. An approach to estimate the likelihood of such an event in coming decades is proposed by [Morina et al., 
2019].
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