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Abstract

Background—Cigarette price increases have been associated with increases in smoking
cessation, but relatively little is known about this relationship at the level of individual smokers. To
address this and to inform tax policy, the goal of this study was to apply a behavioural economic
approach to the relationship between the price of cigarettes and the probability of attempting
smoking cessation.

Methods—Adult daily smokers (n=1074; ie, 5+ cigarettes/day; 18+ years old; >8th grade
education) completed in-person descriptive survey assessments. Assessments included estimated
probability of making a smoking cessation attempt across a range of cigarette prices,
demographics and nicotine dependence.

Results—As price increases, probability of making a smoking cessation attempt exhibited an
orderly increase, with the form of the relationship being similar to an inverted demand curve. The
largest effect size increases in motivation to make a quit attempt were in the form of ‘left-digit
effects,” (ie, maximal sensitivity across pack price whole-number changes; eg, US$5.80-6/pack).
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Significant differences were also observed among the left-digit effects, suggesting the most
substantial effects were for price changes that were most market relevant. Severity of nicotine
dependence was significantly associated with price sensitivity, but not for all indices.

Conclusions—These data reveal the clear and robust relationship between the price of cigarettes
and an individual’s motivation to attempt smoking cessation. Furthermore, the current study
indicates the importance of left-digit price transitions in this relationship, suggesting policymakers
should consider relative price positions in the context of tax changes.

INTRODUCTION

Tobacco use remains a major cause of preventable morbidity and mortality worldwide,1 2
and increasing the number of individuals who successfully quit smoking remains a high
priority for public health.3 One of the major factors in smoking cessation is the price

of cigarettes.4 For example, tax increases have been shown to significantly increase quit
attempts.5 6 To date, however, most of the studies on the relationship between cigarette
price and smoking cessation are from the domain of applied microeconomics. These
investigations typically examine direct or indirect indicators using natural experiments, such
as comparisons across time in a catchment area that implements a tobacco tax increase.
An obvious strength of these studies is that they map on to the manifest changes that

take place. The studies also typically have large sample sizes, making them relatively
representative. They are not without weaknesses, however. For example, the underlying
relationship between price and cessation is typically estimated from only a small number
of price changes, most often pretax/ post-tax increase. Further, the price changes are
preordained by policy changes and cannot be experimentally manipulated, which prevents
the examination of diverse possible price changes.

A number of these challenges can be addressed by applying behavioural economics,

the integration of psychology and economics, to understand the relationship between
cigarette price and quit likelihood. For smoking cessation, the most relevant domain

of behavioural economic research is the study of tobacco demand (ie, the relationship
between price and cigarette consumption). A number of human laboratory studies have
systematically examined in vivo cigarette consumption under conditions of escalating
cost,7-9 permitting comprehensive examination of cigarette demand under controlled
conditions, and confirming the prototypic form of the cigarette demand curve. Similarly,
Cigarette Purchase Tasks10 (CPT) that collect estimated cigarette consumption at escalating
levels of price allow a full examination of an individual’s cigarette demand curve and

the assessment of several indicators of demand. These indicators have been shown to

be significantly positively associated with smoking rate, nicotine dependence and in vivo
smoking topography.11-14 Most recently, a high resolution CPT was used to clarify the
most sensitive portions of the demand curve to inform tax policy.15 This study indicated the
substantial effects of price on cigarette consumption and the particularly potent ‘left-digit
effects,” or the largest proportionate decreases in cigarette consumption at the transitions
from one whole-number pack price to the next (eg, US$4.80-5). Although the left-digit
phenomenon has been identified in purchasing behaviour previously,16-19 this was the first
study to identify its salience in cigarette consumption.
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Importantly, the preceding studies focused on the relationship between price and estimated
consumption, but not price and motivation for a quit attempt. These are related concepts,
both being forms of price sensitivity, but they reflect distinct behavioural processes. For

the former, a person can reduce their smoking without necessarily planning on quitting;

for the latter, the individual is identifying the prices at which point they would attempt to
terminate smoking permanently. No previous studies have applied a behavioural economic
approach to understanding the relationship between the price of cigarettes and smoking
cessation motivation. This was the goal of the current study. Using an approach adapted
from the CPT methodology, we systematicallyexamined the relationship between the price
of cigarettes and the estimated likelihood of attempting to quit smoking. Based on the
existing health economics literature, we predicted that cessation motivation would increase
with increasing price. However, we predicted that the relationship would not be a consistent
monotonic increase, but that there would be varying levels of price sensitivity across prices,
akin to price effects on simple consumption.11-14 Additionally, we predicted that left-digit
effects would also be present, reflected in disproportionately high price sensitivity across
whole-dollar pack price changes. Finally, the study examined two individual-level variables,
nicotine dependence and income, as predictors of price sensitivity.

These data were collected as part of a project to inform tobacco tax policy using behavioural
economics funded by the Robert Wood Johnson Foundation.20 A sample of 1124 daily
smokers were enrolled from three sites: Athens, Georgia (84%), Providence, Rhode Island
(11%) and Aiken, South Carolina (5%). Eligibility criteria were: (1) 18+ years old; (2)

5+ cigarettes/day; (3) =8th grade education. Of these, 4 participants were excluded for
improper responding (ie, reporting greater than 100% probability), 3 for excessive missing
data (ie, >10% of Probability of Smoking Cessation Measure (PSCM) items missing),

and 46 for inconsistent/erratic responding (ie, >3 contradictions on the PSCM, reflecting
random responding). The final sample (n=1074) was primarily white (67%) and African—
American (25%), with small proportions of other racial backgrounds (Asian—3%; American
Indian/Alaskan native—1%; other—1%; Pacific islander—0.1%; mixed race—3%), with

a small percentage reported Hispanic ethnicity (2%). Participants were generally male
(60%); in their early thirties (M=31.62, SD=12.66); and of low income (median=<US$15
000, IQR=<US$15 000 to US$30 000-45 000). Smoking characteristics are provided in
table 1. Site-specific characteristics and comparisons between sites are provided in online
supplementary materials. No significant site differences were present on any of the PSCM
indices.

Participants completed a single 90 min in-person assessment in groups of ~10 in a

quiet conference room with adequate space and privacy. The protocol involved informed
consent, assessment instructions, assessment completion and debriefing. All procedures
were approved by the appropriate Institutional Review Boards.
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Assessments

The primary assessment was the PSCM, which was developed for this study and assessed
the percent likelihood that an individual would attempt smoking cessation (eg, quit
probability) at escalating cigarette prices. We considered assessing estimated likelihood

of successfully quitting smoking, but this is a ‘double-barrelled’ question, including both
the likelihood of attempting and, given an attempt, the estimated likelihood of success.
Therefore, we focused on simply whether participants would attempt to quit smoking,
irrespective of whether they thought they would be successful. The PSCM comprised 73
prices, starting at no cost (free) and increasing to US$10/cigarette (US$200/pack). Prices
per cigarette increased in 1¢ increments from 0¢ to 50¢, 4¢ increments from 50¢ to 98¢,
and US$1 increments from US$1 to US$10. Equivalent prices per pack were provided next
to each individual price. Of note, although probabilities are formally presented in fractions,
we used percent likelihood as a mathematically equivalent metric for participant responding
to aid comprehension and responding (eg, a response of 5% rather than 0.05). The PSCM
instructions and initial items are provided in the online supplementary materials. Additional
assessments included demographics and the Fagerstrom Test for Nicotine Dependence21
(FTND), a validated assessment of nicotine dependence.

Data analysis

A small number of data points were missing for FTND (n=4) and income (n=9); these
values were not imputed and the associated participants were not included in analyses using
these variables. Three dependent variables from the PSCM were adapted from the CPT
methodology and were defined for each participant as: (1) intensity (ie, motivation at zero
price); (2) P50, (ie, cigarette price corresponding to 50% quit probability, when orientation
toward attempting to quit is at least equal to or greater than orientation toward not quitting)
and (3) breakpoint (ie, cigarette price corresponding to 100% quit probability). Sensitivity
to price effects between adjacent prices was defined as the ratio of the proportionate

change in quit attempt probability divided by the proportionate change in price (%A quit
attempt (QA)/%AP). An omnibus analysis of the effect of price on consumption was
conducted using a one-way within-subjects analysis of variance (ANOVA). Given the large
number of potential comparisons, 95% Cls are provided instead of follow-up tests. For
descriptive purposes, effect size differences between adjacent prices were calculated as
Cohen’s d using the difference in values divided by the pooled SD. The presence of left-digit
effects was statistically tested by generating a mean change across left-digit pack price
transitions and non-left-digit transitions, and comparing the two using a within-subjects
ANOVA. Additionally, a within-subjects ANOVA was conducted across left-digit transitions
to determine whether systematic differences were present. These left-digit analyses were
restricted to data <US$0.50/cigarette because, above that price, the inter-price increments
were substantially larger, pack prices did not clearly map on to left-digit transitions, and
proportions of participants at maximum PSCM response level were high, restricting range.
Effect sizes were calculated as 2 in ANOVA-based analyses. Associations between PSCM
indices, smoking variables and income were examined using Pearson’s .
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RESULTS

Relationship between price and motivation to attempt smoking cessation

Descriptive statistics for the PSCM indices are given in table 1. Probability of attempting
to make a smoking cessation attempt substantially increased as a function of increases in
cigarette price (figure 1). Motivation was initially low (~10%) and relatively insensitive
from zero price to approximately 15¢/cigarette. It then increased steeply from 15¢ to
US$1/cigarette, levelling off at ~95%. The sigmoidal form of the overall curve effectively
conformed to an inverted demand curve, with an inelastic initial period (US$0-15¢/
cigarette) and a subsequently elastic period (15¢-US$1) until very high prices. The
arithmetic aggregated elasticity (YAQA/%AP) across prices was 0.76.

The overall within-subjects ANOVA revealed a statistically significant, very large magnitude
effect of price, F(72, 77 184)=2719.93, p<0.00001, n2=0.72. Complete means, 95% Cls,
and effect sizes for adjacent price changes are provided in online supplementary materials.
Effect size differences across price changes were highly variable (ds=0.06-0.44) and the
largest increases in probability of a quit attempt between adjacent prices were observed as
pack prices increased from one whole-dollar amount to the next whole-dollar amount (eg,
US$4.80-5), reflecting pack price left-digit effects. The ANOVA of changes at left-digit
transitions to non-left-digit transitions revealed a significant large magnitude difference, F(1,
1073)=455.71, p<0.00001, n2=0.30, with left-digit transitions associated with an average
increase of 3.25% (SEM=0.10) and non-left-digit transitions associated with an average

of 0.88% (SEM=0.03), an almost fourfold difference. Illustrative price changes prior to

and across left-digit transitions are provided in table 2. Across the left digit transitions,
proportionate price effects on motivation to quit (%AQA/%AP) were typically fivefold larger
compared with the preceding price change of similar proportionate magnitude.

The ANOVA of the individual left-digit effects also revealed a significant effect, F(9,
9657)=55.08, p<0.00001, n12=0.05, indicating significant differences across the transitions.
Mean changes are presented in figure 2. Follow-up contrasts revealed significant differences
between almost all the changes ( ps<0.05- 0.00001), with a small number of exceptions
(figure 2). At low prices, left-digit effects were largely absent, but as prices approached
participants’ average actual price for cigarettes, changes at left-digit price transitions
increased in magnitude. As price became larger still, and moved further away from
participants’ typical price, the magnitude of the left-digit change notably dropped. Median
values and proportions of participants at P50 and breakpoint similarly revealed the
disproportionate salience of left-digit price transitions (table 2 and see online supplementary
materials).

Relationship between nicotine dependence and cessation motivation

The FTND was significantly correlated with intensity (r=—0.08; p<0.01) and P50 (r=0.10;
p<0.01), but not breakpoint (r=—0.02; p=0.59). That is, individuals with greater nicotine
dependence exhibited lower baseline quit motivation and were willing to tolerate higher
prices before their motivation to quit was more favourable than not. Income was not
correlated with intensity (r=—0.004; p=0.89), P50 (r=-0.003; p=0.93), or breakpoint (r=0.02;
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p=0.44). Associations among the PSCM indices are provided in online supplementary
materials.

DISCUSSION

The goal of the current study was to apply a behavioural economic approach to
understanding the relationship between the price of cigarettes and an individual’s probability
of making a quit attempt. Consistent with the health economics studies,5 6 we found a

clear and robust relationship between price and cessation motivation. Moreover, this study
extended the literature with several new findings. To start with, the relationship between
price and cessation motivation was revealed to not be monotonic and linear, but exhibited
initial price insensitivity that was followed by substantial sensitivity. Furthermore, within the
relatively elastic portion of the curve, pack price left-digit effects, or transitions from one
whole-number price to the next (eg, US$4.80-5), significantly disproportionately increased
cessation motivation. Changes at these interfaces were approximately three times larger than
the changes in motivation at other price increases. This converges with previous evidence

of left-digit effects in terms of cigarette consumption15 and extends it to motivation for
cessation.

Interestingly, significant variability was also observed among the left-digit transitions. When
these price changes were examined closely, it was evident that at very low prices, left-digit
transitions had very little impact, but that as the prices became increasingly relevant to the
participants, they became highly potent. Subsequently, the magnitude of effects decreased
as price again became less market-relevant. As illustrated in figure 2, leftdigit effects were
most pronounced within a window of prices that were most relevant to the participants. A
second nuance that emerges in examining the left-digit transitions pertains to thetransition
from US$9.80-10/pack. This price change would be predicted to be particularly robust
because it represents a further perceptual change from a 1-dollar digit to 2-dollar digits and
the current data support this, albeit obliquely. After the US$5.80-6 transition, the impact

of left-digit transitions significantly decreases for three successive transitions (figure 2), but
this is reversed for the US$9.80-10 transition, which significantly rebounds.

These findings have a number of potentially important implications. Evidence of left-digit
effects suggests that policy makers and tobacco control professionals should be aware that
not all price changes are ‘created equal’. The same 20-cent pack price increase, for example,
could have dramatically different effects depending on where it falls relative to a left-digit
transition. In the current study, the effects of four 20-cent/pack price increases from US$4
to US$4.80 had virtually the same effect as the single 20-cent increase from US$4.80 to
US$5. For tobacco tax policy, what this means is that the anticipated effects of price changes
should be considered from an absolute standpoint (ie, the amount of the tax increase), and
also in terms of the relative position to whole-dollar price changes. A small tax increase
may be particularly potent if it pushes the average prices into the next higher price bracket,
whereas other larger increases may be less potent because they do not have the salience of

a left-digit change. More generally, quantitative models of the elasticity of tobacco demand
and motivation to quit would should increasingly integrate the non-linear effects of left-digit
transitions.

Tob Control. Author manuscript; available in PMC 2023 January 18.
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A second implication of these findings is the use of minimum pack pricing as a novel public
health strategy. Minimum pricing laws have historically existed to protect tobacco retailers
from predatory business practices,22 but an alternative perspective is to use them to create
price ‘floors’ that would prevent pricing or marketing strategies that would maintain prices
in the face of tax increases. This, in turn, raises the question of how aware the tobacco
industry is of left-digit effects, and whether it intentionally acts to mitigate these effects.

For example, in a catchment area where an impending tax increase would push the average
pack price into a new whole-dollar amount, it may be that the industry would pass on less
of the tax to smokers in order to prevent the disproportionate effect of this price transition.
Although there are no studies on this question to date, it is an important future direction.
Evidence that the tobacco industry does intentionally seek to offset left-digit price transitions
would further support the need for minimum pricing laws to ensure the intended price
changes are achieved in the marketplace.

The current study also revealed a number of interesting collateral findings. For example,

the form of the smoking cessation motivation curve was virtually a mirror image of a
prototypic economic demand curve. This empirically illustrates how treatment motivation
has similar curvilinear dynamics to cigarette demand, with negligible price effects at low
prices (inelasticity), substantial effects at higher prices (elasticity), and then an asymptotic
period above a certain price at which point individuals either reach or approach the
maximum. Additionally, this was the first study to directly examine nicotine dependence
and income in the context of cigarette prices and smoking cessation motivation. Higher
levels of nicotine dependence were significantly associated with intensity (negatively) and
P50 ( positively), but not breakpoint. As intensity measured motivation independent of price,
this suggests that nicotine dependence was primarily related to motivation to quit in terms
of when participants met the putative tipping-point of 50%, but not the more definitive scale
maximum, which was somewhat surprising. Of note, for the significant correlations, the
magnitudes were relatively small, suggesting that nicotine dependence is not a prepotent
factor in the relationship between price and motivation to quit smoking. Also somewhat
surprisingly, there was no relationship between income and price sensitivity. Although
intuitively one might predict that lower-income individuals would be more motivated to quit
with escalating prices, the current data do not support that hypothesis.

Importantly, there are several reasons for caution in interpreting and applying these findings.
To start with, the PSCM used estimated likelihood of making a smoking cessation attempt
and the extent to which that maps on to actual behaviour is not clear. The behavioural
economic literature supports a robust correspondence between performance for hypothetical
and actual contingencies,10 23 but not in the area of treatment motivation, leaving the level
of correspondence an open question. A related issue is that the assessment context may
have permitted a potentially artificially clear focus on the relationship between price and
motivation to quit. By contrast, decisions about making an attempt to quit smoking in the
natural environment would be unlikely to be framed with the same sort of clarity. Another
assumption was that tax increases would be fully passed through to the consumer. This

is often the case, but sub-proportionate or supra-proportionate tax pass-throughs have also
been reported.24 25 20 Similarly, price increases in this study were treated as aggregated
values and we did not make a distinction between state and federal taxes. In terms of the
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sample, it is worth noting that it was primarily comprised of low-income smokers, creating
a somewhat restricted range and potentially contributing to the absence of associations
between income and the PSCM indices.

Finally, there is the issue of generalisability. We expect that the relationships between price
and motivation to quit would be broadly applicable to smokers, but the pack-level left-digit
effects would be expected to be most generalisable to highincome countries where the
market conditions are similar to the USA. That is not to say that left-digit effects would not
generalise, but, in the context of differences in currency denomination scaling, it is likely
that non-linearities would be present at different price transition points. For example, the
left-digit transitions of greatest relevance might be an order of magnitude higher in Thailand
or India, or even several orders of magnitude higher in Vietnam. These are, of course,
empirical questions, and some worth pursuing in future studies. More broadly, however, we
would predict that similar left-digit non-linearities will be present between cigarette prices
and motivation for smoking cessation, but the specific prices involved will be scaled within a
given currency.

A critical final point is that the current study assessed whether a person estimated that

they would try to stop smoking at a given level of price, which may or may not translate
into successful quitting. Even if cigarette prices motivate smokers to attempt smoking
cessation, an ideal tobacco control environment would also provide low-cost, easy-access,
evidence-based treatment to optimise their success. A push-and-pull dynamic is necessary,
with prices ‘pushing” smokers to try to quit and high-quality treatment ‘pulling’ individuals
to successfully do so. Although increasing the price of tobacco via taxation is a powerful
tool, it is not a panacea and is but one element of a coordinated tobacco control strategy.

In sum, using behavioural economics to examine the relationship between the price of
cigarettes and an individual’s estimated probability of attempting to quit smoking, the
current study revealed a number of important findings. Consistent with previous studies, we
found evidence of a very robust relationship between price and quit motivation. Moreover,
we found evidence of potent pack price left-digit effects, particularly at the most relevant
pack prices, and these non-linear price effects on motivation have direct implications for tax
policy. More generally, this study provides further support for using behavioural economics
to enhance the tobacco control enterprise.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Relationship between the price of cigarettes and estimated likelihood of attempting smoking
cessation from US$0 to US$10/cigarette. (A) Presents the overall curve reflecting the
relationship between price/pack and estimated smoking cessation attempt likelihood. Prices
per pack are presented on the x axis, with zero price replaced with $0.01 to permit
logarithmic coordinates. (B) Presents changes in probability across prices. In both panels,
text boxes illustrate ‘left-digit’ effects.
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Figure 2.
Differences in magnitudes of left-digit effects across ten price transitions. Significant

differences (ps<0.05-0.00001) are present between all changes, with exceptions denoted as
follows: a = no significant difference relative to US$8.80-9 price change; b = no significant
difference relative to the US$6.80-7 price change; and ¢ = no significant difference relative
to US$7.80-8 price change.
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Table 1

Participant characteristics (n=1074)

Characteristic | %/Mean (SD)

c/D 16.31 (10.46)

FTND 4.18 (2.49)

Price/pack $4.58 ($0.93) ($0.23/cigarette)
Intensity 11.39% (23.94)

Breakpoint $0.85 (1.48)

P50 price $0.50 (0.85)

C/D, cigarettes/day; FTND, Fagerstrom Test of Nicotine Dependence; Price/pack, the participants’ self-reported typical price of a pack of

cigarettes; $, US dollar.
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