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Abstract
Introduction: The “hardening hypothesis” proposes that as the prevalence of smoking in a population declines, there will be a “hardening” 
of the remaining smoker population. This review examines the evidence regarding smokers’ motivation, dependence, and quitting behavior 
as smoking prevalence declines, to assess whether population “hardening” (decreasing propensity to quit) or “softening” (the converse) is 
occurring.
Methods: MEDLINE, PsychINFO, Scopus, Web of Science, and Cochrane Library were searched to July 2019, using terms related to smoking 
and hardening, for reviews and large, population-based repeat cross-sectional studies. There were additional searches of reference lists and cit-
ations of key research articles. Two reviewers screened half the titles and abstracts each, and two reviewers screened full texts independently 
using tested criteria. Four reviewers independently and systematically extracted data from eligible publications, with one reviewer per study, 
checked by another reviewer.
Results: Of 265 titles identified, three reviews and ten repeat cross-sectional studies were included. Reviews concluded that hardening has 
not occurred among the general smoking population over time. Among repeated cross-sectional studies, five examined motivation, nine exam-
ined dependence, five examined hardcore smoking, and two examined quit outcomes. All but one study found a lack of hardening. Most found 
softening within the smoking population, consistent across hardening indicators, definitions, countries (and tobacco control environments), and 
time periods examined.
Conclusions: Tobacco control reduces smoking prevalence and fosters a smoking population more amenable to evidence-based interventions. 
Based on the weight of the available evidence, the “hardening hypothesis” should be rejected and the reality of softening accepted.
Implications: This umbrella review and systematic review provides a critical consideration of evidence from epidemiology and psychology and 
other fields regarding the “hardening hypothesis”—a persistent myth undermining tobacco control. It reaches the conclusion that the sum-
total of the worldwide evidence indicates either “softening” of the smoking population, or a lack of hardening. Hence, tobacco control reduces 
smoking prevalence and fosters a smoking population more amenable to evidence-based interventions. The review indicates that the time has 
come to take active steps to combat the myth of hardening and to replace it with the reality of “softening.”

Introduction
Tobacco use is a leading cause of preventable death and dis-
ability worldwide and there are international commitments 
to reducing smoking prevalence.1 In reducing prevalence, one 
critical factor is understanding the behavioral trajectory of 
the population of smokers who are yet to quit. The “harden-
ing hypothesis” proposes that as the prevalence of smoking in 
a population declines, there will be a “hardening,” whereby 
smokers who are more resistant to established cessation 

interventions make up a greater proportion of the remain-
ing smoker population.2,3 The hypothesis is based on the ex-
pressed concern that pressures to quit smoking from tobacco 
control policies and increasing social stigma of smoking could 
mean that smokers who found it relatively easy to quit would 
most readily cease smoking, and the smokers left behind 
would be increasingly resistant to tobacco control measures.4 
The term “softening” has been coined to describe the opposite 
of hardening, whereby the smoking population displays be-
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haviors characteristic of increasing willingness and/or ability 
to quit over time.

Indicators of hardening or softening can be categorized 
as measuring motivational or dependence hardening, pro-
portion of hard-core smokers, and quit outcomes (Table 1).5 
While the prevalence of socioeconomic disadvantage and of 
psychological distress among smokers have been postulated 
to be indicators of hardening, these are not direct measures 
of hardening.6

It should be noted that the hardening hypothesis is not a 
confirmed phenomenon and many tobacco control policies 
tend to produce softening as a necessary part of exerting their 
effects. For example, increasing costs of tobacco products, re-
strictions on places where people can smoke, graphic health 
warnings, and media campaigns all affect motivation and, 
along with support for cessation and reduced overall com-
munity prevalence of smoking, can improve quit outcomes.7 
Reduction in the ability to smoke large numbers of cigarettes 
per day—including due to cost, restrictions on places where 
smoking is allowed, and lack of social acceptability—is likely 
to affect dependence.

One hypothetical concern is that previously effective 
population-level interventions could become less success-
ful if a population hardens, requiring greater emphasis on 
individual-level cessation interventions to reach hardened 
smokers who would make up a greater proportion of the 
population of smokers.3,5,8 Evidence of hardening would also 
be considered to provide potential justification for increasing 
long-term nicotine replacement approaches—such as patches, 
gums, and e-cigarettes—as “harm reduction” for smokers 
who struggle to quit nicotine use.2,4,9

At the same time, it is important to note that the terms 
used in medical discourse are potentially powerful metaphors 
that may have consequences for the general public.10,11 A term 
like “hardening” may activate ideas like stability and resist-
ance to change, and tends to imply that difficulty quitting is 
an irreversible quality of specific individuals or populations. 
There is a risk that continuing use of such terms could under-
mine smoking cessation and broader tobacco control by re-
inforcing detrimental and unsubstantiated beliefs. It is there-
fore important to review the current empirical evidence on 
whether hardening is actually occurring and, if it is not, what 
measures are necessary to avoid its continuing use, including 
as a justification for policy change.

The hardening hypothesis is most rigorously tested by 
examining changes in hardening or softening indicators 
within the population of smokers over extended periods of 
time, using a cohort or repeat cross-sectional study design.5 
This review aims to summarize the contemporary evidence 
assessing the evidence for hardening or softening of the popu-
lation of smokers and to consider strategies to align narra-
tives with evidence.

Methods
Definitions of Hardening Constructs and Indicators
Motivational hardening may occur if the population of 
smokers become, on average, less motivated or willing to 
quit.3,5 Less motivated smokers are characterized by the ab-
sence of quit attempts or the lack of an intention to quit.3 
A  smoker’s attitude towards tobacco control measures has 
been proposed as an indirect measure of motivation to quit.5

Dependence hardening occurs if an increasing proportion 
of smokers are dependent (either physiologically dependent 
on nicotine or behaviorally on smoking).3 These smokers 
may experience multiple failed quit attempts and/or exhibit 
behavior consistent with high levels of dependence such as 
heavy consumption, smoking soon after waking (measured 
by time to first cigarette), and high scores on questionnaires 
measuring dependence.3 The average number of  cigarettes 
smoked per day has been used to measure whether the aver-
age dependence of smokers is changing. Multiple unsuccessful 
quit attempts is also considered a marker of  dependence.5,12

A hard-core smoker is usually conceptualized as a smoker 
who is highly unwilling and/or unable to quit and likely to 
remain this way.3 Although there is no agreed definition of 
a hard-core smoker, the categorization generally relates to 
both very low levels of motivation and very high levels of 
dependence.13 Common indicators used include nicotine de-
pendence, regular smoking, lack of motivation or readiness 
to quit, and lack of recent quit attempts.13 Most definitions 
exclude smokers aged 25 years and younger, as these indi-
viduals are still establishing their smoking patterns.13–15 The 
concept of a hard-core smoker is an individual measure and 
is separate, but often related, to hardening, which is a popu-
lation measure. It is possible to have hard-core smokers in a 
smoking population that does not show evidence of harden-
ing over time. Conversely, the population of smokers may be 

Table 1. Constructs and Indicators of Hardening Among Current Smokers

Hardening constructs Indicators 

Motivational hardening Attitudes to smoking or tobacco control  
Quit attempts  
Quit intentions

Dependence hardening Proportion of smokers who are daily smokers  
Proportion of smokers who are heavy smokers  
Mean number of cigarettes per day, among smokers  
Questionnaire measures of dependence (e.g. Nicotine Dependence Syndrome Scale)

Hard-core smoker A composite of the indicators of motivational and dependence hardening above
Quit outcomes Success on a given quit attempt or ability to remain abstinent on a given quit attempt  

Quit ratio (ratio of former smokers to ever smokers in a given population)  
Proportion of the eligible smoking population who have quit in a given time period
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 hardening over time but the proportion of hard-core smokers 
may not change. These concepts are often linked in the pub-
lished evidence in that the proportion of smokers who are 
classed as “hard-core” has been considered an indicator of 
hardening or softening of the smoking population.3

If hardening of the population of smokers were occurring 
due to reduced motivation or increased dependence, there 
would be a decline over time in the conversion of current 
smokers to former smokers.5 This is often measured by the 
“quit ratio”—the ratio of former smokers to ever smokers 
in a given population—or by the proportion of the eligible 
smoking population who have quit within the last twelve 
months.3 Success on a given quit attempt could also be con-
sidered a quit outcome.

Literature Search, Screening, and Data Extraction
Reviews and primary research studies of repeat large 
population-based cross-sectional studies from Europe, UK, 
US, Canada, New Zealand, and Australia with measures of 
smoking outcomes ascertained at two or more time points, 
with a gap of at least 5 years between the first and last data 
point in the series, in line with another review of hardening,12 
were identified through a combination of database searches 
and reference and citation searches. The work outlined in this 
paper was commissioned by the Australian Department of 
Health and primary research studies from Australia and coun-
tries with broadly comparable contexts, including achieve-
ments in tobacco control, were emphasized. MEDLINE, 
PsychINFO, Scopus, Web of Science, and Cochrane Library 
were searched up until July 2019 using a search strategy de-
tailed in Supplementary Material 1.

Two review authors screened half the titles and abstracts 
each, independently. The two authors also screened all full 
texts using tested criteria, with disagreement about eligibil-
ity resolved through discussion involving a third reviewer. 
Studies were excluded if they were not representative of the 
general population or had less than 1000 participants for any 
survey year (full inclusion/exclusion criteria in Supplementary 
Material 2).

Four review authors independently extracted data from 
studies using piloted data extraction spreadsheets, with a 
check performed by another reviewer. The quality of included 
repeated cross-sectional studies was independently assessed by 
four review authors (two per study) using a tool adapted from 
the Joanna Briggs Institute Critical Appraisal Checklist for 
Studies Reporting Prevalence Data and the National Heart, 
Lung, and Blood Institute Study Quality Assessment Tool 
for Observational Cohort and Cross-Sectional Studies.16,17 
As no systematic reviews were identified, the quality of the 
included reviews was not assessed. Disagreements were re-
solved through discussion between the two review authors, 
and through discussion involving a third reviewer when re-
quired. Author declarations of interest and other relevant 
information were reviewed and summarized. For interpret-
ability, where relevant, this review reports on the change in 
the proportion of smokers meeting the hardening indicator 
definition over time.

Results
Of 265 titles identified, three reviews and ten repeat 
cross-sectional studies were identified for inclusion (Figure 1).

Reviews
All three reviews conclude that hardening has not occurred 
among the general population of smokers, despite each con-
sidering different evidence.3,6,12 In 2003, Warner and Burns3 
reviewed three empirical analyses on hardening and pre-
sented evidence against the case for hardening in the US 
population. They concluded that the proportion of hard-core 
smokers in the population was very small and, at the time 
of their review, there was little evidence that hardening 
was occurring at the population level.3 In 2011, Hughes6 
updated the review by Warner and Burns3 and a review 
from the US Department of Health and Human Services,18 
identifying two new studies on quit attempts, plotting quit 
ratios from the US National Health Interview Supplement, 
and reviewing five new studies relating to nicotine depend-
ence. Hughes6 found no evidence of hardening among the 
general population of smokers, but did find evidence of 
hardening among treatment seekers. In 2019, Hughes12 
undertook another review of 26 studies to assess whether 
there was a decrease over time in (1) conversion from cur-
rent to former smoking; (2) quit attempts; or (3) success on 
a given quit attempt. None of the reviewed studies found 
evidence of hardening, and many found evidence of soften-
ing (Supplementary Material 3). Hughes (2019)12 provides 
the most recent and robust review of hardening, but does 
not include data on quit intentions, dependence, and atti-
tudes on tobacco control.

Primary Evidence
None of the ten repeated cross-sectional studies included 
had been considered in the reviews by Warner and Burns,3 
Hughes (2011),6 or Hughes (2019).12 Although one of the 
studies included in Hughes (2019)12 has the same reference 
as Kulik and Glantz (2016)19 which is included in the cur-
rent review, based on the information presented in Hughes 
(2019), it does not appear to be the same study. One study,20 
which was excluded from the review of primary research, set 
out to replicate and critique the findings of another included 
study.19 Reasons for excluding this study were: duplication 
of data from the original study; adjustment for variables 
such as tobacco control policy that were highly correlated 
with smoking prevalence and likely to be mediators of soft-
ening over time; and potential competing interests of the au-
thors.20,21

Of the ten repeated cross-sectional studies included, five 
examined motivation, nine examined measures of depend-
ence, five examined hard-core smoking, and two examined 
quit outcomes over time. Eight studies examined hardening 
in the 2000s,5,14,22-27 and two examined hardening across both 
the 1990s and the 2000s.19,28 Four studies were conducted 
in the US,19,25-27 with one of these studies also examining 31 
countries across Europe.19 The latter study19 presented ana-
lyses of European data for two hardening indicators; only one 
of these analyses has been reported in this review as the other 
analysis did not meet the minimum time period between data 
points required for inclusion. Two studies were conducted 
in Australia23,24 and there was one study each from New 
Zealand,5 Canada,22 Norway28 and England.14

An overview summary of the results is presented in 
Supplementary Material 4, with detailed findings presented 
in Supplementary Material 5. Supplementary Material 6 pro-
vides a summary of authors’ conflicts of interests.

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac055#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac055#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac055#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac055#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac055#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac055#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac055#supplementary-data


1324 Harris et al.

Motivation
International evidence from five studies on quit intentions 
and attempts indicates that, as smoking prevalence declines, 
the smoking population is either becoming more motivated 
to quit, or remaining stable in its motivation.5,14,19,23,24 For ex-
ample, analysis of a series of large national household surveys 
in Australia shows the odds of having no plans to quit were 
significantly lower in 2010 compared with all previous years 
(odds ratio (OR) 0.87, 95% CI 0.77–0.98).24 The propor-
tion of smokers in a subsequent state-based study in Victoria, 
Australia also shows that smokers were less likely over time 
to have no intention to quit, with those who had no inten-
tion of quitting in the next 30 days or the next six months 
decreasing between 2001 and 2016 (adjusted OR (aOR) per 
calendar year 0.95, 95% CI 0.93–0.96, p(trend) < .001, and 
aOR per calendar year 0.97, 95% CI 0.96–0.98, p(trend) 
< .001 respectively).23 The Victorian study also found that 
there was a significant decrease in the proportion of smokers 
who indicated they were happy to smoke for the rest of 
their lives (aOR per calendar year 0.97, 95% CI 0.95–0.99, 
p(trend)  =  .001).23 New Zealand smokers’ attitudes to to-
bacco control measures and goals, as a proxy measure for 
motivation, have softened over time or remained unchanged.5 
Between 2008 and 2014, there was a steady increase over 
time in the proportion of daily smokers who supported ban-
ning smoking in all public places where children are likely to 

go (2008: 44.8%, 2014: 66.3%; aOR per two-year increment 
1.16, 95% CI 1.08–1.25, p(trend) not reported).5 The pro-
portion of daily smokers who agreed with reducing the num-
ber of places allowed to sell tobacco to make it less available 
showed no significant change, as did support for cigarettes 
and tobacco not being sold in New Zealand in ten years’ time.

Dependence
Two studies in Australia,23,24 four in the US,19,25-27 and one in 
Canada,22 England,14 and New Zealand5 examined change 
in markers of dependence over time. The measures used to 
examine dependence differed across studies, with cigarettes 
per day being the most common measure and the proportion 
of either heavy smokers or daily smokers within the smok-
ing population also frequently used. The definition of heavy 
smoking varied; some publications defined heavy smoking 
as at least 15 or 16 cigarettes per day while another used at 
least 25 cigarettes per day as the threshold. Other measures 
included time to first cigarette after waking and the Nicotine 
Dependence Syndrome Scale.

The available evidence indicates that dependence is on aver-
age declining or not changing in smokers, demonstrated by 
a decrease or no change in the proportion of smokers who 
were daily or heavy smokers,5,23,25–27 a decrease or no change 
in the proportion of smokers who were smoking soon after 
waking,14,22,26 no change in the proportion of smokers with 
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four or more quit attempts of more than 24 hours in the past 
year5 and a decrease in dependence scores on the Nicotine 
Dependence Severity Scale.27 Of the smokers that continued 
to smoke, consumption, measured by average number of cig-
arettes per day, declined over time.19 For example, in Australia, 
the study conducted in the state of Victoria found that smokers 
were increasingly less likely to be daily or heavy smokers be-
tween 2001 and 2016 (among smokers, daily smoking 84.2% 
to 79.7%, aOR per calendar year 0.96, 95% CI 0.95–0.98; 
p(trend) < .001; heavy smoking 42.3% to 21.3%, aOR per 
calendar year 0.93, 95% CI 0.92–0.94),23 whilst the national 
study found no change between 2001 and 2010 (noting that 
no statistical test was reported for the dependence measure).24 
The Victorian study found no variation in the change in preva-
lence of heavy smoking over time according to age, sex, edu-
cation, or socioeconomic status.23 In their US study, Smith 
et al.27 examined sociodemographic factors and comorbidities, 
finding that declines in dependence severity (on the Nicotine 
Dependence Severity Scale) were greatest for smokers without 
any serious psychological distress. No significant variation in 
change in dependence severity over time was found according 
to sex, annual income, or age.27

Hard-Core Smoking
Five studies examined hardening in the population of smokers 
over time based on data related to hard-core smoking.14,22–24,28 
In Australia, there was no evidence of hardening as measured 
by change in proportion of the smoking population who were 
hard-core smokers. The Victorian study found a significant 
decline in the proportion of smokers who were hard-core be-
tween 2001 and 2016 (17.2% to 9.1% aOR per calendar year 
0.94, 95% CI 0.92–0.96; p(trend) < .001),23 and the national 
study found no significant change over four waves from 2001 
to 2010 (2001: 11.9%, 2004: 10.9%, 2007: 11.8%, 2010: 
10.7% p(heterogeneity by wave) = .550).24

Brennan et al.23 undertook sensitivity analyses to explore 
the impact on the findings of using different definitions of 
hard-core smoker. In one definition, the criterion of not mak-
ing a quit attempt within the past twelve months was replaced 
with having never attempted to quit. In two additional ana-
lyses, the heavy consumption criterion was removed as au-
thors noted that cigarette consumption may be influenced by 
tobacco control policies, such as smoke-free policies, reducing 
the opportunities to smoke rather than reflecting the nico-
tine dependence of an individual. Regardless of the definition 
used, the proportion of smokers who were hard-core smokers 
decreased significantly over time, supporting the findings of 
the primary analysis.

Using nationally representative data from Australia, Clare 
et al.24 found that the change in the proportion of “hard-core” 
smokers over time varied according to socioeconomic status 
(p(interaction) = .025); between 2001 and 2010, the propor-
tion of smokers being hard-core declined among people of 
higher socioeconomic status (2001: 9.3%, 2010: 6.7%) but 
remained static among those of lower socioeconomic status 
(2001: 13.7%, 2010: 13.7%). Victorian data23 also indicate a 
difference in changes in the proportion of hard-core smokers 
over time by level of education (p(interaction) < .017); how-
ever this was not significant at the authors’ prespecified p ≤ 
.01 level. The decline over time in the proportion of hard-core 
smokers (aOR per calendar year 0.97, 95% CI: 0.94-0.99, 
p(trend) = .012) was smaller in the group with lower educa-

tion compared to that in the higher education group (aOR 
per calendar year 0.92, 95% CI: 0.90–0.94, p(trend) < .001). 
The proportion of hard-core smokers did not differ over time 
according to an area-based measure of socioeconomic status 
(p(interaction) = .434).

A Norwegian study using nationally representative data 
found evidence of softening, demonstrated by a decline in 
the proportion of smokers who were hard-core smokers over 
the period 1996 to 2009 (OR per increment in survey year 
(2 years) 0.90, 95% CI 0.88–0.93).28 There was no evidence 
of a change in the proportion of smokers who were hard-core 
in Canada between 2004 and 2010 using nationally represen-
tative data.22

An English study assessed data from two national datasets, 
both analyses finding there was an increase in the proportion 
of smokers who were defined as hard-core in England be-
tween 2000 and 2010 (UK General Lifestyle Survey p(trend) 
< .001; Health Survey for England p(trend) = .04).14 Based on 
graphs presented by the authors, the proportion of smokers 
who were hard-core was estimated to have increased by ap-
proximately 1% and 2% in the General Lifestyle Survey, and 
the Health Survey for England, respectively, over the eleven-
year time period. However, when the two components of 
the hard-core smoker definition were examined separately, 
there was no statistically significant change over time in 
either survey in the odds of smokers who did not want to 
quit (p(trend) = .760 and .592 respectively), or for smokers 
who had their first cigarette within 30 minutes after waking 
(p(trend) = .288 and .785 respectively).

Quitting Outcomes
One US study19 included an examination of the relationship 
between quit ratio and smoking prevalence and one New 
Zealand Study5 examined recent and sustained quit rates. 
The US study found that the quit ratio increased as smok-
ing prevalence declined between 1992/93 and 2010/11: an in-
crease of 1.13% (± 0.06 standard error, p < .001) for each 1% 
decrease in smoking prevalence.19 In the New Zealand study, 
authors found no significant change between 2008 and 2014 
in recent quit rates (2008: 8.4%, 2014: 9.5%; aOR per two-
year increment 1.03 (95% CI: 0.92–1.15)) or recent sustained 
quit rates (2008: 6.9%, 2014: 12.4%; aOR per two-year in-
crement 1.12 (95% CI: 0.96–1.30)).5

Discussion
Despite repeated concerns expressed regarding hardening, 
there is no evidence it is happening in smoking populations in 
the countries examined, with virtually all indicators consistent 
with softening or showing no significant change. The avail-
able evidence from studies from Australia, Canada, England, 
Europe, New Zealand, Norway, and the US does not indicate 
hardening of the population of smokers between 1992 and 
2016, and in many cases shows softening—that is, becom-
ing, on average, more motivated to quit and less dependent 
on smoking. The findings are consistent with the reviews by 
Warner and Burns,3 Hughes (2011)12 and Hughes (2019),12 
which did not find evidence of hardening. They are also con-
sistent with a recent review regarding the prevalence of hard-
core smoking, published outside the timeframes of this re-
view, incorporating publications to mid-2018.29 Based on the 
evidence to date, the lack of hardening within the population 
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of smokers is almost completely consistent across the range 
of hardening indicators employed, their definitions, countries 
(and tobacco control environments), and time periods exam-
ined. Furthermore, the majority of smokers who have quit 
successfully since the 1960s have done so without any formal 
support, including heavy smokers.2

Hence, the current balance of evidence is against the occur-
rence of hardening, and a useful way forward is perhaps to 
consider that, given the scale and consistency of the evidence 
against it, it is unlikely that large amounts of supportive evi-
dence will emerge in the near future.

Alongside clear evidence-based grounds to embrace “soft-
ening” as the reality of tobacco control, there are a range of 
other important considerations. The concept of the hard-core 
smoker perpetuates stigma and neither recognizes nor ad-
dresses appropriately the complex factors related to ongoing 
smoking.13,30 The continuing use of “hardening” metaphors 
risks reinforcing misleading and detrimental beliefs about 
factors that contribute to smoking cessation. Metaphors can 
shape the way people think about and view health hurdles, 
influencing their perceptions of personal control, how fatal-
istic they feel, and how challenging a given health goal, such 
as quitting smoking, seems to be.11 These linguistic devices 
can also be used by those with vested interests, including 
the tobacco industry, to influence public debate and policy 
outcomes.31 The concern here is that a given claim or idea—
e.g., those who haven’t quit yet likely won’t, or need help 
via e-cigarettes—can accumulate credibility and belief via 
nonprobative evidence, such as how easy it is to imagine that 
scenario. Indeed, claims that evoke imagery tend to feel true, 
and once an idea like hardening has been repeated several 
times, such claims—whether they are true or false—tend to 
feel right.32 Even with knowledge that a claim like hardening 
came from the tobacco industry (a source that might be un-
trustworthy in this context), people often forget the source 
of a claim or fail to use it in their assessments of truth—so 
even in the face of a questionable source, simple repetition 
and high imagery tends to increase belief.33,34 The familiarity 
produced by the repetition of a claim or idea can also signal 
social consensus—that many others think so too,35 a psycho-
logical cue that guides how we think and how we act.

Having powerful metaphors and making them widely 
heard has the potential to shape public perceptions of health 
issues, public discourse, and what feels true, regardless of the 
current state of empirical evidence. Voltaire is paraphrased as 
saying that “Those who can make you believe absurdities can 
make you commit atrocities” 36 highlighting not only the im-
portance of belief in governing action, but also the nature of 
power and influence, using misinformation. Portraying heavy 
addiction among smokers as an immutable property of the 
smoker themselves denies the active role the tobacco indus-
try plays in creating and prolonging addiction and supports 
its calculated shift from perpetrator to “savior”—through in-
vestment in and promotion of products such as e-cigarettes 
and heated tobacco products—while continuing to profit 
from tobacco and nicotine products.37

More importantly, these data demonstrate a clear need to 
actively challenge and replace the hardening discourse with an 
evidence-based discourse about what truly happens as smok-
ing prevalence falls. The greater the extent to which the scien-
tific and public discourse centers around hardening, the more 
people may believe the hardening hypothesis.32 Even more 
worrying would be in the context of policy development, in 

which decisions around smoking interventions could be influ-
enced by messages that felt intuitively appealing, rather than 
those with a foundation of robust empirical evidence. Such 
mistakes have been made in the past—for example, with to-
bacco smoking itself and with the intuitive appeal of “light” 
cigarettes—with devastating consequences that health sys-
tems around the world are still trying to address.31 

Returning to metaphors and the power of language, when 
one is attempting to correct an unsupported or disputed claim, 
setting the rhetorical frame around a myth or unsubstantiated 
idea such as there is “no evidence for hardening,” without an 
attempt to carefully debunk it and provide alternative explan-
ations, may actually increase the familiarity and perceived 
truth of the to-be-corrected content. Increasing evidence in 
cognitive psychology supports a different communication ap-
proach that makes the empirically supported fact the center 
of the discussion, making the core finding—in this case, evi-
dence of softening—more memorable.32,38 Increasing evidence 
also suggests that warning people about classic disinforma-
tion tactics and refuting them in advance (e.g., the use of 
“Fake Experts” to sow doubt and distort perceived scientific 
consensus) can work to reduce vulnerability to misinforma-
tion.39,40 This “prebunking” teaches people about the “go-to” 
tactics of those intending to insert doubt or persuade and has 
been effective in helping people to identify when those tactics 
appear in information they encounter.41 The studies we have 
reviewed here suggest that such interventions may be war-
ranted in the future if a hardening rhetoric continues, given 
that the large volume of evidence indicates shifting to soften-
ing is empirically valid and will lead to more evidence-based 
policy, practice, and public awareness.

Comprehensive and multifaceted tobacco control measures 
have proved effective in reducing the prevalence of smoking 
in many countries. These measures include smoke-free pol-
icies, mass media campaigns, plain packaging, graphic health 
warnings on packaging, price increases, and prohibitions on 
tobacco advertising, promotion, and sponsorship.7,42 Such 
measures actually act through softening: they make it more 
challenging for smokers to continue smoking large numbers 
of cigarettes by reducing opportunities to smoke, making it 
very expensive to do so, and reducing its social acceptabil-
ity. These measures also increase smokers’ motivation to quit, 
including through awareness of harms.

In parallel with reductions in the general population, the 
prevalence of smoking has fallen in many groups with his-
torically high prevalence, including Indigenous peoples.43 
Where softening is occurring among the general population of 
smokers, it may be occurring to a varying extent within import-
ant subpopulations, such as smokers from low socioeconomic 
backgrounds and smokers experiencing psychological distress.5 
While one study found that the odds of being a hard-core 
smoker in Australia declined over the study years to a greater 
extent among those from high compared to low socioeconomic 
status groups,24 another study found consistent softening 
 patterns according to age, gender, socioeconomic status, and 
education.23 In disadvantaged populations, higher smoking 
prevalence relates to a range of interacting psychological, so-
cial, economic, and cultural factors.7 Furthermore, it is import-
ant that the myth of hardening is not confused with the clear 
evidence that smoking is more common among people of lower 
socioeconomic status. Irrespective of how smoking is charac-
terized, tobacco control interventions should be equitable and 
aim to reduce smoking across all population groups.
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This review focused on peer-reviewed published evi-
dence designed specifically to address questions regard-
ing the hardening hypothesis in the population of smokers. 
Repeat large population-based cross-sectional studies from 
high-income countries—with comprehensive tobacco control 
policies—with a gap of at least five years between the first 
and last data points in the series were included, with multiple 
authors independently extracting data. For certain hardening 
indicators, such as cigarettes per day and quit ratios, there are 
likely to be additional data in other publications, including 
government and technical reports. However, such publica-
tions often do not test statistically for change in indicators of 
hardening and may not be peer-reviewed.

The majority of primary research studies included in this 
review were of good quality. Most studies adjusted for rele-
vant potential confounding factors over time, namely age and 
sex. Two studies adjusted for concomitant nicotine admin-
istration in the form of snus and nicotine replacement ther-
apy26,28 which is relevant for the measurement of cigarettes per 
day if the use of concomitant nicotine-containing products 
has changed over time. A common limitation when assessing 
study quality was determining the validity of measures being 
used to assess hardening. Heterogeneity in the definitions and 
measurement of hardening indicators across studies makes 
it difficult to reliably ascertain the prevalence of hardened 
smoking in a population and to compare between studies and 
over time.6,13,44 This review examined patterns of hardening 
across a range of indicators in studies with data representing 
millions of people, and included high quality national and 
state-level representative population-based survey data span-
ning two decades. Despite the variability in the definitions 
of hard-core smoker observed in the primary research, sen-
sitivity analyses support the findings of a lack of hardening 
regardless of the definition of hard-core smoker used. Unlike 
other recent reviews of the hardening hypothesis,6,12 the au-
thors of this review do not have any competing interests.

In conclusion, in countries that have been successful in 
achieving relatively low smoking levels, declining smoking 
prevalence has been accompanied by increasing motivation 
to quit and reduced dependency among the smoking popula-
tion—indicating softening or a lack of hardening over time. 
These findings provide a clear message of progress and im-
provement, highlighting the effectiveness of ongoing tobacco 
control measures in reducing the prevalence of smoking as 
well as increasing motivation to quit and reducing depend-
ency among the population that continues to smoke. Based 
on the weight of the available evidence, the “hardening hy-
pothesis” should not only be rejected—it should be replaced 
with active efforts to engage and educate the general public, 
researchers, policy makers, and practitioners about the genu-
ine “softening” consequences of tobacco control.
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