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Abstract

Background and Aims: A cigarette purchase task (CPT) aims to characterise individual
variation in the reinforcing value of tobacco. This meta-analysis estimated the associations
between cigarette demand, tobacco consumption, and nicotine dependence using this task.

Design: A meta-analysis of cross-sectional studies identified by PubMed and PsycINFO
databases was conducted. Fixed and random effects models were used. The study also examined
the model used to derive elasticity of demand (exponential or exponentiated) as a potential
moderator. Publication bias was assessed using fail-safe A, Begg-Mazumdar test, Eggefs test,
Tweedie’s trim and fill approach, and meta-regression of publication year with effect size.

Setting: Studies from any setting that reported coefficient correlations on the tested associations.
Participants: Daily cigarette users (i.e., 5-38 cigarettes per day; N=7,649).

Measurements: Cigarette consumption, nicotine dependence and five tobacco demand
indicators: intensity (i.e., consumption at no cost), elasticity (i.e., sensitivity to rises in costs),
Omax (maximum expenditure), Pmax (i.€., price at which consumption becomes elastic), and
breakpoint (i.e., price at which consumption ceases).

Findings: Twenty-three studies met inclusion criteria. All the CPT indices were significantly
correlated with smoking behavior (7’s = .044-.572, ps=.012 — 1078). Medium-to-large effect size
associations were present for intensity, Onyax, and elasticity, whereas small effects were obtained
for breakpoint and Pyax. Evidence of a moderating effect of the different elasticity modelling
approaches was not present. There was limited evidence of publication bias.
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Conclusions: All indices derived from the Cigarette Purchase Task (cigarette consumption,
nicotine dependence, and five demand indices) were robustly associated with cigarette
consumption and tobacco dependence. Of the demand indices, maximum expenditure, intensity
and elasticity exhibited the largest magnitude associations.
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Introduction

A behavioral economic account of addiction is an extension of operant learning theory that
emphasizes the importance of the reinforcing value of a drug and the availability of
alternative reinforcers as prepotent determinants of addictive behavior (1, 2). The approach
has similarities to other contemporary theoretical approaches but incorporates other
biological, cognitive, and sociocultural factors via these common pathways. Historically, the
reinforcing value of a drug has been examined using behavioral operant paradigms, such as
progressive-ratio schedules of drug use contingent upon specific responses (e.g., button
presses, plunger pulls) (e.g., 3-7). This approach generates behavioral data that can be
examined using microeconomic demand curve analysis, generating several motivational
indices. As shown in Figure 1, these include intensity (i.e., consumption at zero cost), Omax
(i.e., maximum expenditure across prices), elasticity (i.e., sensitivity of demand to increases
in costs), Pmax (i.e., price at which demand is maximized or becomes elastic) and breakpoint
(i.e., the price that suppresses consumption to zero).

The value of demand curve analysis is that these different indices provide a comprehensive
assessment of drug reinforcing value by quantifying, for example, unconstrained
consumption, maximum output (expenditure), or price sensitivity (8). This is important
because divergent findings are present across different CPT indices, suggesting that there is
no single absolute index of reinforcement efficacy (9-12). Rather, it seems that a
comprehensive perspective is needed because each of these parameters provides distinct
motivational information. The two ends of the demand curve provide good examples of this.
Intensity reveals an individual’s unconstrained appetite for the drug, how much they would
consume if the response cost was entirely eliminated, whereas breakpoint reveals how far
they would go to avoid entirely forgoing the drug. Between intensity and breakpoint, Opmax
uniquely addresses how much the individual is willing to give up in total, while elasticity
and Pyhax both speak to a person’s overall sensitivity to the cost of consumption.

More recently, ‘purchase tasks,” or self-report measures that ask a participant to estimate the
number of cigarettes they would consume at escalating financial costs (13), have been
increasingly used in tobacco research. Specifically, participants identify their preferred
consumption in the consent of an instructional set in which the cigarettes available are their
preferred brand, they cannot stockpile cigarettes for another time, they do not have access to
any other nicotine products, and they have the same income as they have in their life. Unlike
operant behavioral laboratory measures, purchase tasks remove a number of experimental
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burdens (i.e., multiple assessment sessions, high participant compensation) and potential
ethical problems among treatment-seeking individuals (14). In particular, the use of a
Cigarette Purchase Task (CPT) has permitted the assessment of the reinforcing value of
cigarettes in novel ways. For example, a standard CPT assessing preferences for a typical
day (trait-level demand) could inform tobacco pricing and tax policy by using many more
prices than would ever be feasible for an operant paradigm (15). As a result, there is
considerable interest in using demand measures to examine individual variation in cigarette
reinforcement (16-19) and as predictors of treatment response (20-22). In the latter case,
both baseline and in-treatment demand changes have been shown to predict early treatment
response over and above other smoking-related characteristics (such as cigarettes per day,
nicotine dependence and number of negative CO samples) (20-22), suggesting they provide
complementary motivational information.

Similarly, in laboratory studies, a state-oriented CPT has been used to complement
traditional measures of subjective craving (i.e., typically based on subjective desire
estimations) by using more objective units (i.e., cigarettes consumed or money spent) (23,
24). These studies have revealed that subjective craving is variably correlated with
motivation in behavioral economic units [(e.g., For example, nicotine withdrawal was found
to increase most the focal demand indices (intensity, Omax, breakpoint, Pyayx), but not the
overall elasticity, while the presence of environmental smoking cues selectively attenuated
elasticity)]. Thus, the task indices provide insights into how acute changes in tobacco
motivation manifests in different ways. Purchase tasks have also been used in relation to
varenicline, a smoking cessation pharmacotherapy (25-28), to generate mechanistic insights
into how the medication differentially affects the different indices.

Fundamentally, the CPT was developed to produce multiple indicators of reinforcing value
that are valid and informative mechanisms in understanding the development and treatment
of nicotine dependence. From a theoretical standpoint, the demand indices as novel putative
determinants would be expected to be associated with the traditional health indicators, such
as cigarettes per day or level of dependence. Furthermore, the CPT indices would be
expected not to be associated with smoking-involvement to the point of collinearity, which
would render them redundant, and they would be expected to demonstrate incremental
contributions. If CPT indices fall short in these preceding areas, their utility would be
limited. To a large extent however, these empirical relationships have been observed in the
emerging literature. However, as the number of studies using the CPT have increased, the
findings have become more heterogeneous in terms of the relationship between cigarette
demand and the traditional indicators of tobacco involvement (e.g., level of consumption,
nicotine dependence severity). Given the heterogeneity of findings and highly varied
magnitudes of relationships observed between each demand index and smoking behavior,
the goal of this study was two-fold: 1) to meta-analyze the findings on the cross-sectional
studies assessing the relationship between CPT demand indices and both cigarettes per day
and nicotine dependence severity; and 2) to evaluate the presence of ‘publication bias,” also
called small study bias, or the extent to which the published literature appears to over-
represent small studies with significant findings, reflecting a higher likelihood of significant
findings in underpowered studies to be published compared to nonsignificant findings.
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Fundamentally, given its relatively rapid adoption, these aims collectively sought to evaluate
the concurrent validity of the CPT as a measure of tobacco reinforcing value.

Methods

Study selection and eligibility criteria

Studies were identified through literature search using the PubMed and PsycINFO databases
as of September 14, 2018. The specific Boolean search terms were: (cigarette OR
cigarettes) AND (“demand” OR “purchase task™ OR “reinforcing efficacy “or “reinforcing
value” OR “reward value”). The main inclusion criterion was any peer-reviewed published
cross-sectional study reporting relationships between indices of hypothetical cigarette
demand, cigarette consumption (i.e., cigarettes per day) and nicotine dependence. As several
different models can be used to derive elasticity (29, 30), only effect sizes for analyses that
used the contemporary and commonly used exponential and exponentiated models (31, 32)
were included for methodological consistency. Studies were excluded if the results were
overlapping with previously published papers or if they were otherwise not relevant to the
study question. On the theoretical basis of investigating demand as a general trait-like
characteristic and because the health outcomes were trait-like tobacco indicators, laboratory
studies that investigated state-level demand in relation to experimental manipulations were
excluded. In total, six studies using a state-level CPT were excluded. Our primary reason for
this is that under experimental manipulations (i.e., stress or negative mood inductions),
demand indices are altered, thus leading to substantial deviations from the demand observed
under non-experimental conditions (33). The meta-analysis was registered in the
PROSPERO system for systematic reviews (ID: CRD42018109472) and conducted in
accordance with the Preferred Reporting Items for Systematic Reviews (PRISMA statement)
(34).

Data extraction

Two independent reviewers conducted the literature search and coded the studies
independently. No disagreement in the number of included studies occurred between
reviewers (100% concordance). Data were abstracted on the following variables: study
country, participant characteristics (i.e., sample size, sex ratio, mean age, mean number of
cigarettes per day, and nicotine dependence severity), structural characteristics of the CPT
(i.e., prices, range of prices), measures of cigarette consumption and nicotine dependence,
details on data processing (i.e., model used to derive the elasticity index and identification/
management of non-systematic data), and outcomes (i.e., effect sizes of the assessed
relationships). Data were solicited from authors of studies that did not report viable data to
meet the inclusion criteria. In six cases, raw data were provided and were analyzed to permit
inclusion in the meta-analysis.

Meta-analytic sample

A total of 931 records were identified through the literature search, of which 718 were
unique. Initial screening of these articles revealed 61 relevant studies. Upon completion of
61 full-text reviews for eligibility, 22 papers with 23 studies were identified to meet
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inclusion criteria. A flow diagram conforming with Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (34) is provided in Figure 2.

Meta-analytic approach

Pearson’s rand Spearman’s p correlations from each study were converted to Fishers’ Z. To
systematically compare the relationship of each CPT index (intensity, Omax, Pmax. elasticity
and breakpoint) and the different tobacco indicators, we conducted a set of meta-regression
analyses and reported: a) unique effect sizes for the correlations between each CPT index
and cigarette consumption, and b) unique effect sizes for the correlations between each CPT
index and nicotine dependence. The primary meta-analyses include data supplied by authors
on our request, processed following the procedure specified in the original studies. Among
the studies from which raw datasets were provided, we identified two that did not
comprehensively address non-systematic data. For clarity, we reran a set of separate meta-
analyses to inform if any variation resulted from using the Stein et al. (35) procedure (see
Table S1 for details on the standard data processing applied).

Both fixed and random effects approaches were considered, but a random effects approach
was selected as the primary method considering methodological heterogeneity across studies
(e.g., different number of CPT items and prices). Fixed effects are reported for completeness
and to characterize heterogeneity of effect size, defined using Cochran’s Qand /. Cochran’s
Q statistic reflects the sum of square differences among the individual weighted study effects
and the overall mean; Qtests the significance of observed heterogeneity using a ;(Ztest. F
reflects the percentage of study effect size variation that is explained by heterogeneity; # <
25% suggests low heterogeneity, ~50% suggests moderate heterogeneity, and =75% suggests
high heterogeneity across studies (36). @ statistic associated with the between groups
difference in mixed effects analyses were reported for moderator analyses. Specifically, we
examined systematic differences based on smoking behavior variable type (i.e., cigarette
consumption vs. nicotine dependence) and model selection to derive the elasticity index (i.e.,
exponential vs exponentiated). Follow-up ‘jackknife’ analyses were conducted to evaluate
the estimated effect size with each effect size excluded. To the extent that using any single
measure of publication bias provides an incomplete perspective (37), we considered five
measures: (a) the fail-safe N approach (i.e., number of missing studies that would render the
observed effect sizes non-significant, with A/values lower than 5k (number of included
studies) +10 raising concerns) (38), (b) the two-tailed Begg-Mazumdar test (i.e., rank
correlation between the standard effect size and their variances, with deviations from zero
indicating the presence of publication bias), (c) the one-tailed Egger’s test (i.e., asymmetry
of the funnel plot with intercept values close to zero indicating lesser publication bias), (d)
The Tweedie’s trim and fill approach (i.e., computation of the effect sizes after imputation of
missing studies) and, () meta-regression of the relationship between year of publication and
effect size. Effect size coefficients were interpreted as per the Cohen (39) benchmarks:
Coefficients <0.2 and in the range of 0.21 to 0.49 indicate a small effect; coefficients
between 0.50 and 0.79 indicate a medium effect; and coefficients =0.8 indicate a large size
effect. Analyses were conducted using SPSS 24 (SPSS Inc., Chicago IL, USA), GraphPad
Prism 7.0 (La Jolla, California) and Comprehensive Meta-analysis 2.0.
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Study characteristics

Individual study characteristics are in Table 1 and illustrate considerable variation in study
parameters. Sample sizes included ranged considerably, from A=11 to A=1,215 (total V=
7,649), with a median sample size of 128. The average age within studies ranged from 16.50
to 52.27 years old, with a median study age of 33.90. Sex ratios ranged from 18% to 62%
female. Substantial differences were present in terms of the CPT parameters, with highly
variable numbers of prices (range = 5-73 prices) and price amounts (maximum price range
= US$1.00-US$1,120). The majority of studies (n = 17/23; 74%) were conducted in the
United States, with the others being conducted in the United Kingdom, Spain, New Zealand,
and Netherlands.

Meta-analytic findings

The meta-analytic relationships between indices of cigarette demand, cigarette consumption
and nicotine dependence are in Table 2, with forest plots in Figure 3. The results indicated
that all the demand indices were statistically significantly associated with smoking-related
measures, but with considerable variation in effect size (rsranged from .044-.572). This
indicates that higher number of cigarettes and nicotine dependence severity were
significantly and positively related to higher volumetric demand consumption (i.e., intensity,
Omax» Pmax and intensity), and negatively associated with cost-sensitivity to increases in
costs; that is, lower elasticity. Medium to large effect size coefficients were present for
intensity, Omay, and elasticity, whereas small coefficient sizes were present for breakpoint
and Pmax.

The jackknife analyses did not reveal substantive changes in estimated effect sizes (Table 2).
Findings from the fixed effects approach were generally similar in magnitude and revealed
substantial heterogeneity across studies for all the CPT indices (# = 25.50 — 88.79) (Table
2). Meta-analytic findings including the standardized data processing did not significantly
differ from the primary findings (see Table S2).

Mixed random effects models to examine systematic differences in obtained effect sizes
based on smoking behavior variable type (i.e., cigarette consumption vs. nicotine
dependence) were non-significant for breakpoint (Q = 2.683; p=.101), Omax (@=0.039; p
=.843), elasticity (Q=0.151; p=.698), but significant for P,y (Q = 5.361; p=.021) and
intensity (Q = 8.827; p=.003). This reflected significantly larger effect size associations
between intensity and cigarette consumption relative to nicotine dependence, and,
conversely, larger associations between Pyax and nicotine dependence relative to cigarette
consumption (see Table 2).

Using either the exponential or the exponentiated models to derive elasticity of demand did
not significantly impact the relationship between elasticity and the two smoking-related
measures: cigarette consumption Q= 1.613, p=.204; nicotine dependence Q= 1.665, p
=.197.
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Publication Bias

Evidence of publication bias was generally not present (see Table 3). For cigarettes/day,
Rosenthals failsafe N indicated that a median of 2,969 (range 39—4,703) studies would be
needed to render the examined associations not significant (p-value > .05). Evidence of
publication bias for all the CPT indices was not present for the Begg-Mazumdar test (all
Kendall’s T <0.12, all pvalues > .05) and Eggefs tests (all intercepts < 0.55, all p values

> .05). Though Duval and Tweediés trim and fill analyses suggested two unpublished studies
for elasticity, imputation of these studies did not indicate any significant impact on the
estimated effect size (observed ES = 0.35; adjusted ES = 0.35).

For nicotine dependence, the results were similar: Rosenthals failsafe Man = 2,621 (range =
227-17,324); non-significant Begg-Mazumdar tests (all Kendall’s < 0.17, all pvalues

> .05); and non-significant Eggefs tests (all intercepts < .55, all pvalues > .05). However,
Duval and Tweediés trim and fill procedure suggested 7 and 3 unpublished effect sizes for
elasticity and intensity, respectively. Imputation of potentially unpublished studies attenuated
the intensity estimate (observed ES = 0.460; adjusted ES = 0.444) and increased the
elasticity estimate (observed ES = —0.326; adjusted ES = -0.388). No unpublished effects
for Omax: Pmax, breakpoint, or intensity were found.

With regard to the meta-regression analyses, the results suggested that more recent studies
reported smaller correlations between the tobacco-related variables and breakpoint, Omax,
and Pyax (Table 3), although not intensity or elasticity.

Discussion

All of the CPT indices were found to be significantly related to the smoking indicators in
anticipated directions (negatively for elasticity, positively for the other indicators). However,
there was considerable variation in the observed effect sizes, with Oy, intensity and
elasticity exhibiting medium effect size associations that were notably larger relative to Pynax
and breakpoint. The publication bias indices did not suggest meaningful numbers of
unpublished studies and adjustments resulted in modest changes in effect size estimates.

The different magnitudes of association between the demand indices and the smoking
variables converges with the proposal that relative reinforcing value is not a homogeneous
construct (8). The fact that Oy, intensity and elasticity showed the largest correlations with
measures of addiction aligns with clinical research showing their predictive validity on
cessation outcomes over and above smoking-related variables (20, 21-22). The fact that we
found these three indices are more relevant when it comes to smoking involvement in
general further suggests which are the key aspects of drug valuation leading to dependence.

Accordingly, several real-world applications stem from this result. Using these three indices
within clinical contexts offers the possibility to characterize different patient profiles by for
example clustering patients into different levels of demand. A recent attempt to do so has
been performed by Nighbor et al. (40) through correlations of median splits of demand
indices (i.e., low Omax VS. high Opax) and the number of quit attempts during pregnancy.
Also, given their relevance in accounting for smoking persistence, the results suggest that
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prospective behavioral and pharmacological treatments could be screened using Omax.
intensity, and elasticity (in addition to more traditional indicators). Because demand indices
are sensitive to clinical and regulatory interventions (41, 42, 28), nicotine reinforcement
could be regarded as a measure of their effectiveness or as a surrogate endpoint for new
interventions. Omax, Pmax and breakpoint essentially capture economic aspects of demand,
which are valuable to inform on which parameters may be manipulated when behavioral
economic interventions, such as Contingency Management or nicotine replacement therapies
are delivered. Accordingly, high measures on these indices could inform on the necessity to
increase the magnitude of reward needed in CM or appropriate medication dose. More
broadly, intensity and elasticity can inform on treatment intensity (i.e., longer treatment),
given they capture aspects related to persistence in the behavior (i.e., resistance to change
captured by elasticity and overall level of consumption captured by intensity). Of course, in
each of these domains, it will be critical to demonstrate the incremental utility of the demand
indices beyond conventional indicators such as cigarettes per day and nicotine dependence.

In the same way that the findings highlight certain CPT indices as being of greatest
relevance, the converse is that other indices emerged as being less relevant. Instigated by the
increasing trend to use low-price density tasks (29, 43, 44), a recent study has proposed that
breakpoint alone might serve as an accurate measure of demand (45). However, the current
findings do not converge with the Athamneh et al. study (45), in light of the current evidence
that this index was only modestly correlated with the tobacco indicators, especially
compared to intensity or Onax. Thus, using breakpoint as a sole proxy of tobacco use
motivation is not warranted. Similarly, Ppyax exhibited the smallest magnitude associations
with the tobacco indicators. As previous studies have found that P,y is highly correlated, or
even collinear, with breakpoint, which exhibited larger effect sizes in the current study, and
have also found that P, is less reliable than other demand indices (9, 21, 46), its utility as
an individual index is an open question.

The significant negative association between effect size and publication year for breakpoint,
Omax and Pmax, suggests smaller effect sizes in more recent studies. One possible
explanation for this finding is the increasing inclusion of smokers with comorbid
psychopathology, such as other substance use or affective disorders, adding more variability
in smoking-related variables. Unlike early studies that recruited more homogeneous
university-based samples, more recent studies have relied on community and clinical
samples where levels of comorbidities are typically higher (16, 19-21). Studies of smokers
with comorbid psychopathology showed that intensity and elasticity serve as markers of
nicotine addiction (17) and treatment response more strongly than the remaining indices do
(20, 22).

These findings should be interpreted in the context of their strengths and limitations.
Strengths include a comprehensive search strategy, pre-registration of the protocol, a
systematic evaluation of both cigarette consumption and nicotine dependence, and a
thorough consideration of publication bias. However, limitations include the relative ‘youth’
of this literature, meaning that the aggregated sample (i.e., 7,649 total participants) was
moderately large, but not tens or hundreds of thousands of individuals, which would provide
more definitive findings. Furthermore, in a larger overall literature, more nuanced questions,
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like systematic differences in demand based on psychiatric comorbidities or other
moderating variables, could be directly addressed. More generally, it is important to
acknowledge that the current findings address the ‘main effect’ relationships between
cigarette demand and aspects of smoking, but do not address the unique or incremental
associations of the indices. Determining which combinations of indices are specifically and
uniquely related to smoking behavior remains a future priority.

At a broader level, the current report pertains to cross-sectional findings and cannot
elucidate the causal role of demand in the etiology or treatment of tobacco use disorder. It
was notable that the associations with nicotine dependence were not systematically larger
than the associations with cigarettes per day, so the etiological significance of tobacco
demand remains an open question. Theoretically, the development of high reinforcing value
of cigarettes is a key motivating factor in the etiology of tobacco addiction, but an alternative
is that higher demand is actually part of the manifestation of tobacco addiction, meaning it is
a consequence rather than a cause. However, it is increasingly recognized that the distinction
between level of substance use itself and diagnosis of substance use disorder may not be a
trenchant one (47). In this case, tobacco use disorder is fundamentally a disorder of
excessive cigarette consumption, so the absence of different effect sizes between the demand
indices and cigarettes per day and nicotine dependence may not be informative about
etiology. Beyond speculation, given the robust evidence for cross-sectional associations
between cigarette demand and tobacco involvement there is clearly a high need for
longitudinal investigations that can address its etiological relevance.

Supplementary Material

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

Prototypic cigarette demand and expenditure curves. Black circles reflect mean demand.
Intensity describes consumption at no cost or very inexpensive prices and displays a
positively decelerating trend as a function of unit price. Opax and Pmax indicates the
maximum expenditure and price at which consumption is maximized, respectively. Elasticity
(i.e., slope) is a proxy of the rapidly the intensity decreases as a function of unit price
increases.
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Figure 2.

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow

diagram.
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Study name

Cigarette consumption

Heckman et al. (2018)
Van Hedger et al. (2018)
Weidberg et al. (2018)
Dahne et al. (2017)

Smith et al. (2017)

Snider et al. (2017)
Strickland et al. (2017)
MacKillop et al. (2016)
O'Connor et al. (2016)
Secades-Villa et al. (2016)
Strickland et al. (2016)
Zhao et al. (2016)

Grace et al. (2015)
Wilson et al. (2015)
Schlienz et al. (2014)
Chase et al. (2013, study 1)
Chase et al. (2013, study 2)
McClure et al. (2013)

Few et al. (2012)
MacKillop et al. (2012)
MacKillop & Tidey (2011)
Murphy et al. (2011)
MacKillop et al. (2008)

Nicotine dependence

Heckman et al. (2018)
Van Hedger et al. (2018)
Weidberg et al. (2018)
Dahne et al. (2017)

Smith et al. (2017)

Snider et al. (2017)
Strickland et al. (2017)
MacKillop et al. (2016)
O'Connor et al. (2016)
Secades-Villa et al. (2016)
Strickland et al. (2016)
Zhao et al. (2016)

Grace et al. (2015)
Wilson et al. (2015)
Schlienz et al. (2014)
Chase et al. (2013, study 1)
Chase et al. (2013, study 2)
McClure et al. (2013)

Few et al. (2012)
MacKillop et al. (2012)
MacKillop & Tidey (2011)
Murphy et al. (2011)
MacKillop et al. (2008)

Measure

C/D
C/D
C/D
CPSD
C/D
C/D
C/D
C/D
C/D
C/D
C/D
C/D
C/D
C/D
C/D
C/D
C/D
C/D
C/D
C/D
C/D
C/D
C/D

-1,00

Correlation and 95% CI

-0,50

Negative Association

0,00

“+'Il

"

-

0,50

Positive Association

Notes. C/D=Cigarettes per day, CPSD=Cigarettes per smoking day, HSI=Heaviness of Smoking Index; FTND=Fagerstrom Test for Nicotine

D mFTQ=Modified Fag

Tolerance Qi
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B. Omax

Study name Measure Correlation and 95% CI

Cigarette consumption

Heckman et al. (2018) C/D | | |
Van Hedger et al. (2018) C/D
Weidberg et al. (2018) C/D +——
Dahne et al. (2017) CPSD —rl—
Smith et al. (2017) c/D =
Snider et al. (2017) Cc/D -
Strickland et al. (2017) C/D s . —
MacKillop et al. (2016) C/D -
O'Connor et al. (2016) c/D B
Secades-Villa et al. (2016) c/D ——
Strickland et al. (2016) C/D D e—
Zhao et al. (2016) c/D | |
Grace et al. (2015) C/D
Wilson et al. (2015) C/D
Schlienz et al. (2014) c/D —_—
Chase et al. (2013, study 1) C/D
Chase et al. (2013, study 2) C/D
McClure et al. (2013) C/D —
Few et al. (2012) c/D —_—
MacKillop et al. (2012) C/D
MacKillop & Tidey (2011) c/D =
Murphy et al. (2011) C/D —i—
MacKillop et al. (2008) c/D —l—
L 4
Nicotine dependence
Heckman et al. (2018) HSI
Van Hedger et al. (2018) FTND .
Weidberg et al. (2018) FTND —— e
Dahne et al. (2017) mFTQ e f—
Smith et al. (2017) FTND ——
Snider et al. (2017) FTND .,
Strickland et al. (2017) FTND _._
MacKillop et al. (2016) FTND —
O'Connor et al. (2016) FTND _._
Secades-Villa et al. (2016) FTND ..
Strickland et al. (2016) FTND ——
Zhao et al. (2016) FTND® =
Grace et al. (2015) FTND .
Wilson et al. (2015) FTND _._
Schlienz et al. (2014) FTND —t— e
Chase et al. (2013, study 1) CDS-5 —_——
Chase et al. (2013, study 2) CDS-5 _..
McClure et al. (2013) FTND -
Few et al. (2012) FTND -—
MacKillop et al. (2012) FTND _—
MacKillop & Tidey (2011) FTND :
Murphy et al. (2011) mFTQ =
MacKillop et al. (2008) FTND ——
_... e
-1,00 -0,50 0,00 0,50 1,00
Negative Association Positive Association

Notes. C/D=Cigarettes per day, CPSD=Cigarettes per smoking day, HSI=Heaviness of Smoking Index, FTND=Fagerstrom Test for Nicotine
D ; mFTQ: Tolerance Qi ire; CDS-5=The Cigarette Dependence Scale;5.*1#item of the FTND was used.
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C. Pmax

Study name

Cigarette consumption

Heckman et al. (2018)

Van Hedger et al. (2018)
Weidberg et al. (2018)
Dahne et al. (2017)

Smith et al. (2017)

Snider et al. (2017)
Strickland et al. (2017)
O'Connor et al. (2016)
Secades-Villa et al. (2016)
Strickland et al. (2016)
Zhao et al. (2016)

Grace et al (2015)

Wilson et al. (2015)
Schlienz et al. (2014)
Chase et al. (2013, study 1)
Chase et al. (2013, study 2)
McClure et al. (2013)
MacKillop & Tidey (2011)
Murphy et al. (2011)
MacKillop et al (2008)

Nicotine dependence

Heckman et al. (2018)

Van Hedger et al. (2018)
Weidberg et al. (2018)
Dahne et al, (2017)

Smith et al. (2017)
Snider et al. (2017)
Stnckland et al. (2017)
O'Connor et al. (2016)
Secades-Villa et al. (2016)
Strickland et al. (2016)
Zhao et al. (2016)

Grace et al, (2015)

Wilson et al. (2015)
Schienz et al. (2014)
Chase et al. (2013, study 1)
Chase et al. (2013, study 2)
McClure et al. (2013)
MacKillop & Tidey (2011)
Murphy et al. (2011)
MacKillop et al. (2008)

Measure

CD
cD

CPSD

CciD
CciD
co
co
CiD
C/D
co

HSI
FTND
FTND
mFTQ
FTND
FTND
FTND
FTND
FTND
FTND
FTND"
FTND
FTND
FTND
CDS-5
CDS-5
FTND
FTND
mFTQ
FTND

-1,00

Correlation

and 95% CI

-
R —
——
-
| — e —
]
—_——
| L
=
D
——
e
—_———
=
e
-
*
-0.50 0,00 0,50
Negative Association Positive Association

Notes. C/D=Cigarettes per day; CPSD=Cigarettes per smoking day; HSl=Heaviness of Smoking Index;
FTND=Fagerstrom Test for Nicotine Dependence; mFTQ=Modified Fagerstrom Tolerance Questionnaire; CDS-5
=The Cigarette Dependence Scale;5.*1= item of the FTND was used.
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D. Elasticity

Study name Measure Correlation and 95% CI

Cigarette consumption

Van Hedger et al. (2018) c/D —_——
Weidberg et al. (2018) c/D i
Dahne et al. (2017) CPSD ——
Smith et al. (2017) c/D B
Snider et al. (2017) c/D -
Strickland et al. (2017) C/D e s g
MacKillop et al. (2016) C/D -
0'Connor et al. (2016) c/D =
Secades-Villa et al. (2016) Cc/D i
Strickland et al. (2016) C/D ' 5
Zhao et al. (2016) c/D B
Grace et al. (2015) c/D L o
Wilson et al. (2015) C/D 1
Schlienz et al. (2014) C/D —n——
Chase et al. (2013, study 1) C/D 1—
Chase et al. (2013, study 2) C/D
McClure et al. (2013) C/D D .  E—
Few et al. (2012) c/D —
MacKillop et al. (2012) c/D | ]
MacKillop & Tidey (2011) c/D =
Murphy et al. (2011) C/D -

<&
Nicotine dependence
Van Hedger et al. (2018) FTND i
Weidberg et al. (2018) FTND e
Dahne et al. (2017) mFTQ ——
Smith et al. (2017) FTND L
Snider et al. (2017) FTND -
Strickland et al. (2017) FTND —
MacKillop et al. (2016) FTND -
O'Connor et al. (2016) FTND '.'
Secades-Villa et al. (2016) FTND i
Strickland et al. (2016) FTND L
Zhao et al. (2016) FTND' ||
Grace et al. (2015) FTND -
Wilson et al. (2015) FTND i
Schlienz et al. (2014) FTND —
Chase et al. (2013, study 1) CDS-5 '.'
Chase et al. (2013, study 2) CDS-5 -
McClure et al. (2013) FTND —
Few et al. (2012) FTND i
MacKillop et al. (2012) FTND -
MacKillop & Tidey (2011) FTND L
Murphy et al. (2011) mFTQ ;l—

-1,00 0,50 0,00 0,50 1,00
Negative Association Positive Association

Notes. C/D=Cigarettes per day; CPSD=Cigarettes per smoking day; FTND=Fagerstrom Test for Nicotine Dependence; mFTQ=Modified
Fagerstrém Tolerance Questionnaire; CDS-5=The Cigarette Dependence Scale;5.*15!item of the FTND was used
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E. Breakpoint

Study name Measure Correlation and 95% CI

Cigarette consumption

Heckman et al. (2018) C/ID -
Van Hedger et al. (2018) ciD
Weidberg et al. (2018) C/D
Dahne et al. (2017) CPSD
Smith et al. (2017) C/D
Snider et al. (2017) C/iD
Strickland et al. (2017) C/iD
MacKillop et al. (2016) CiD
O'Connor et al. (2016) CiD ...
Secades-Villa et al. (2016) C/D —
Strickland et al. (2016) CiD
Zhao et al. (2016) C/iD ...
Grace et al. (2015) C/ID
Wilson et al. (2015) C/iD ——
Schlienz et al. (2014) C/D
Chase et al. (2013, study 1) C/D ——
Chase et al. (2013, study 2) C/ID [ —
McClure et al. (2013) CID RN - —
Few et al. (2012) C/iD =
MacKillop et al. (2012) C/ID L
MacKillop & Tidey (2011) CiD £
Murphy et al. (2011) C/D ——
MacKillop et al. (2008) C/D —_—
Nicotine dependence .
Heckman et al. (2018) HSI il
Van Hedger et al. (2018) FTND T
Weidberg et al. (2018) FTND
Dahne et al. (2017) mFTQ el —
Smith et al. (2017) FTND -
Snider et al. (2017) FTND =
Strickland et al. (2017) FTND =
MacKillop et al. (2016) FTND -+
O'Connor et al. (2016) FTND =
Secades-Villa et al. (2016) FTND —i—
Strickland et al. (2016) FTND -_—
Zhao et al. (2016) FTND" =
Grace et al. (2015) FTND -
Wilson et al. (2015) FTND i
Schlienz et al. (2014) FTND -
Chase et al. (2013, study 1) CDS-5 ——
Chase et al. (2013, study 2) CDS-5 ——
McClure et al. (2013) FTND b ]
Few et al. (2012) FTND =
MacKillop et al. (2012) FTND E
MacKillop & Tidey (2011) FTND ——
Murphy et al. (2011) mFTQ LG
MacKillop et al. (2008) FTND i

L 2

-1,00 -0,50 0,00 0,50 1,00
Negative Association Positive Association

Notes. C/D=Cigarettes per day; CPSD=Cigarettes per smoking day; HS|=Heaviness of Smoking Index; FTND=Fagerstrém Test for Nicotine
Dependence; mFTQ=Modified Fagerstrém Tolerance Questionnaire; CDS-5=The Cigarette Dependence Scale:5.*15titem of the FTND was used

Figure 3.
Forest plots of the meta-analytic findings for Intensity (Panel A), Onax (Panel B), Pmax

(Panel C), elasticity (Panel D) and breakpoint (Panel E).
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