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Abstract

Introduction: Cigarette smoking remains the leading preventable cause of death in the United 
States. Recent efforts have explored the potential health and policy benefits of reducing nicotine, 
an addictive component, in combustible cigarettes. To date, an experimental, prospective analysis 
directly comparing the effects of varying regulatory environments on purchases of multiple prod-
ucts has yet to be conducted. The present study compared real purchasing of conventional cigar-
ettes, reduced-nicotine cigarettes, and a variety of other nicotine and tobacco products across a 
range of regulatory environments.
Methods: Participants were assigned to one of five groups, each associated with a different nico-
tine level (mg of nicotine to g of tobacco) in SPECTRUM investigational cigarettes (15.8, 5.2, 2.4, 
1.3, and 0.4 mg/g). Across sessions, participants made real purchases for nicotine/tobacco prod-
ucts in an Experimental Tobacco Marketplace. Each session corresponded with a distinct regula-
tory environment wherein different nicotine/tobacco products were available for purchase.
Results: Our results suggest that the primary drivers of cigarette and nicotine purchasing are 
regulatory environment and the presence/absence of alternative nicotine and tobacco products. 
Perhaps surprisingly, nicotine level does not appear to be such a driver of purchasing behavior 
under these experimental conditions. Investigational cigarette purchasing is lowest when other 
preferred combustible products are available and highest when investigational cigarettes are the 
only combustible product available for purchase.
Conclusions: If a reduced-nicotine policy is implemented, great care should be taken in determining 
and making available less-harmful nicotine/tobacco products as the availability of preferred com-
bustible products may result in undesirable levels of purchasing.
Implications: This is the first experimental study investigating different potential regulatory effects 
related to a reduced-nicotine policy by examining purchasing across a range of nicotine/tobacco 
products. Our results suggest the presence of affordable, highly preferred combustible products is 
likely to maintain tobacco purchasing at undesirable levels. To promote switching to less-harmful 
products, affordable alternate nicotine and tobacco products should be readily available. Finally, 
our results suggest that the availability of noncigarette products, not cigarette nicotine level, will 
most likely affect purchasing of reduced-nicotine cigarettes.
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Introduction

Despite a declining smoking rate, cigarette smoking remains the 
leading preventable cause of death and costs the U.S.  healthcare 
industry billions of dollars each year.1 Cigarettes contain nicotine, 
which is addictive and contributes to the maintenance of smoking 
behavior.2 In 2009, the U.S. Food and Drug Administration (FDA) 
was given purview to set limits on maximum nicotine levels in cig-
arettes via the Tobacco Control Act.3 Recently, a number of studies 
have evaluated the potential impact of a reduced-nicotine standard 
for cigarettes, including a recent special issue in Nicotine & Tobacco 
Research.4 Overall, these studies have generally found abrupt transi-
tions to reduced-nicotine cigarettes5 and low nicotine levels (~0.4-mg 
nicotine per g of tobacco) would be beneficial in promoting smoking 
abstinence and reducing dependence and toxin exposure.6 General 
recommendations from these studies suggest a successful nicotine 
product standard would incorporate noncombustible alternatives, 
promoting less-harmful products, and informing the public on the 
relative risks of nicotine products.5

Behavioral economics is one framework for understanding the 
behavioral motivations and tendencies toward drugs such as nico-
tine.7,8 Indeed, a number of studies have evaluated nicotine re-
ductions using this framework.5,9,10 Importantly, in recent years, 
behavioral economics has been expanded to experimentally inves-
tigate purchasing decisions mimicking a real tobacco marketplace. 
The Experimental Tobacco Marketplace (ETM) is an online store-
front where researchers manipulate product variety, availability, and 
price, and participants purchase and receive actual products.11–14 
Results from these studies support the use of the ETM in modeling 
potential regulatory decisions.

To our knowledge, no study has prospectively estimated the im-
pact of a nicotine reduction policy in an experiential arrangement 
mimicking the real, complex tobacco marketplace where costs are 
incurred in exchange for receipt of tobacco products. Any compre-
hensive nicotine policy should aim to minimize intake of harmful 
tobacco products (eg, cigarettes), while promoting harm-reduction 
alternatives (eg, nicotine replacement therapy). Thus, the goal of the 
present study was to leverage the ETM to prospectively evaluate to-
bacco purchasing across a variety of regulatory contexts, including 
the availability of reduced-nicotine investigational cigarettes, in a 
way that participants incurred actual monetary costs to purchase 
products and received the products they purchased.

Three primary comparisons were investigated across a range of 
investigational cigarette nicotine levels. First, we compared behav-
ioral economic measures of intensity and change in price sensitivity of 
investigational cigarette purchasing across regulatory environments. 
We hypothesized purchasing would be greatest when investigational 
cigarettes were the only product available, lower when alternative 
nicotine/tobacco products were available for purchase, and lowest 
when conventional (usual-brand) cigarettes were available in the 
marketplace. Second, we compared the same behavioral economic 
measures of usual-brand cigarette purchasing across regulatory 
environments when investigational cigarettes were and were not 
available. We hypothesized that conventional cigarette purchasing 
would be greater when investigational cigarettes were absent from 
the marketplace. Third, we evaluated purchasing of noncombustible 
nicotine/tobacco products across regulatory environments including 
when conventional and investigational cigarettes were and were not 
available. We hypothesized that alternate tobacco purchasing would 
be highest when only investigational cigarettes were available, lower 

when usual-brand cigarettes were available, and lowest when both 
cigarettes were available for purchase.

Methods

Participants
A total of 231 participants were recruited via physical flyers and on-
line advertisements from the area surrounding Roanoke, VA, during 
2017–2019. Eligibility criteria included self-reported smoking an 
average of between 5 and 40 cigarettes per day during the past 
30 days, breath carbon monoxide (CO) level of ≥10 ppm at intake, 
not pregnant/lactating, and no immediate plans to quit smoking 
cigarettes or move out of the area. An a priori power analysis spe-
cifying a medium effect size (f = 0.25) of alternate product substi-
tution with four repeated measures, type 1 error rate of α = .05, 
and 90% power yielded a total sample size of 150 participants. This 
sample size yielded sufficient power to detect a small effect size (f 
= 0.14) of a nicotine level by regulatory environment interaction. 
After 23 participants were excluded, the final, randomized sample 
included 208 participants, of which 151 were included in the final 
analyses (see Supplementary Materials for CONSORT checklist; see 
Supplementary Figure S1 for CONSORT diagram).

Procedure
For their first session, participants completed a battery of behavioral 
assessments. This session took approximately an hour to complete 
and there were no minimum CO requirements after eligibility was as-
sessed for any session. After this first session, participants completed 
an additional four sessions (see Experimental Tobacco Marketplace 
section) relevant to the current study. Relevant to the current paper, 
participants completed the Fagerström Test of Nicotine Dependence 
(FTND15), a six-item questionnaire providing an overall measure 
of nicotine dependence, and Timeline Followback (TLFB16), cap-
turing daily usage of tobacco products during the previous 30 days. 
Participants were then randomized to one of five cigarette conditions 
(ie, nicotine level), each corresponding to a different level of nicotine 
in SPECTRUM investigational cigarettes (mg of nicotine to g of to-
bacco): 15.8, 5.2, 2.4, 1.3, and 0.4 mg/g, with the 15.8 mg/g cigarette 
serving as the control for flavor and brand differences between the 
SPECTRUM and usual-brand cigarettes. Nicotine-level assignment 
was determined in a double-blind fashion with neither the partici-
pant nor the research assistants aware of each participant’s assigned 
concentration. At the end of the session, participants were provided 
a 5-day supply of their assigned cigarette in the flavor (tobacco or 
menthol) matching their usual-brand cigarette. This 5-day supply 
was individualized per participant and based on their average cigar-
ettes smoked per day during the past 30 days (multiplied by 5). To 
gain experience with their double-blind randomly assigned cigarette 
concentration, participants were instructed to only smoke the inves-
tigational cigarettes for the next 5 days and to refrain from smoking 
their own cigarettes. Although smoking adherence was not incen-
tivized, participants were told: not to share or give away any cigar-
ettes, to return any unused cigarettes, and they had 2 days following 
the 5-day sampling to resume their typical smoking patterns. No 
specific instructions were provided in the event participants ran out 
of cigarettes to reduce the likelihood they would insincerely report 
their cigarette use. During the first session following sampling, par-
ticipants were encouraged to honestly report all cigarettes smoked 
(including nonstudy cigarettes) and told there were no consequences 
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for reporting nonstudy cigarette use. For the 2 days following this 
sampling period, participants could resume their typical smoking 
patterns without limitations in place regarding which nicotine prod-
ucts to consume. Participants returned after these 7 days to complete 
the first of four ETM sessions (~30–45 min each), with approxi-
mately 7 days between each session (5 days each of consumption 
period for purchased products, followed by 2 days of unrestricted 
access to nicotine products). Thus, the study is a between-subject, 
double-blind experimental design, where randomized allocation is 
the between-subject factor, and repeated measurements over time is 
the within-subject factor.

Experimental Tobacco Marketplace
The ETM is akin to an online storefront (eg, Amazon) displaying a 
variety of tobacco/nicotine products including a stock image, price 
per unit, and brief product description. The available products dif-
fered based on experimental condition (ie, regulatory environment; 
see below). Alternate products included combustible cigarettes, 
electronic nicotine delivery devices, snus/dip, and nicotine replace-
ment therapies (see Supplementary Materials for product listing, 
Supplementary Figure S2 for the ETM interface). Generally, in 
ETM experiments, as participants add the desired quantities of each 
product, total costs are subtracted from their budget, which is static-
ally displayed at the top of the screen. Once purchases are finalized, 
participants check out and depending on the trial block are presented 
with another purchasing scenario with different product prices. 
In the current experiment, participants were provided a budget to 
purchase products for the 5 days following each purchase session. 
This allowance was calculated in accordance with previous studies 
by multiplying the average number of cigarettes smoked per day, 
based on the 30-day TLFB per-day average, by $0.25 (approximate 
average cost of a single cigarette in Roanoke, VA) and multiplying 
that amount by 5 to yield a 5-day allowance.14,17 In each regula-
tory environment, the price of one product (either the participant’s 
usual-brand cigarette or assigned investigational cigarette) was ma-
nipulated across six independent pricing scenarios (presented in 
escalating order). The prices of all other products remained constant 
across these scenarios and were consistent with local market prices 
of each product.

At each ETM session, participants first completed a TLFB for 
tobacco products used since their last session. Participants were then 
seated at a computer and provided instructions relating to the prod-
ucts available during that day’s regulatory environment. Across four 
regulatory environments (counterbalanced across participants), dif-
ferent combinations of products were displayed and available for 
purchase. The Current Marketplace included the participant’s usual-
brand cigarette and all other products (except the investigational cig-
arette). The Experimental Control included only the investigational 
cigarette. The Proposed Marketplace was identical to the Current 
Marketplace, except the participant’s usual-brand cigarette was re-
placed with their assigned investigational cigarette. The Combined 
Marketplace consisted of all products including both usual-brand 
and investigational cigarettes.

Each regulatory environment (except the Combined 
Marketplace) consisted of six trials corresponding to the following 
ascending prices: $0.13, $0.25, $0.50, $1.00, $2.00, and $4.00 
per cigarette. In the Combined Marketplace (UB), six trials corres-
ponded to increasing price of the participant’s usual-brand cigarette, 
during which the investigational cigarette cost $0.25 per cigarette. 
For the other six trials (Combined Marketplace [IC]), the investi-
gational cigarette increased in price while the usual-brand cigarette 

cost $0.25 per cigarette. The order in which the different cigarettes 
increased in price was counterbalanced across participants and all 
other alternative nicotine/tobacco products remained at a fixed price 
(Supplementary Table S1). In order for participants to realize and ex-
perience their purchases from one of the assessed prices, at the con-
clusion of the ETM session participants drew a random poker chip 
out of a bag. Each chip in the bag was associated with one price ex-
perienced during that session’s regulatory environment. Participants 
received all the products they purchased (and any unspent money) 
associated with the price from the chip they pulled.

Data Analysis
We first calculated bivariate correlations between demographic 
variables of interest (FTND, cigarettes smoked per day, age, edu-
cation, monthly income). To examine how target-product cigarette 
purchasing decreased as a function of increasing price, demand for 
usual-brand and investigational cigarettes was calculated using the 
following exponentiated equation18:

Q = Q0 × 10k(e
−α·Q0·C−1) (1)

where Q represents consumption at each price point, Q0 is the 
amount of consumption at free price, k is a parameter signifying 
the range of consumption in logarithmic units (2), α is the rate of 
change in elasticity across the entire curve, and C is price per cig-
arette. In Equation 1, smaller values of α (ie, more negative log[α]) 
reflect relatively greater valuation. Logarithmically transformed de-
mand parameters were estimated at the group level via nonlinear 
least squares regression and Extra Sum-of-Squares F-tests evaluated 
whether a single log(Q0) (ie, derived intensity) and a single log(α) (ie, 
price sensitivity) adequately described demand curves across regu-
latory environments. Demand curves were fit to unaggregated, un-
transformed data unlike some approaches that fit to preprocessed 
averaged data. Whereas parameter estimates are the same between 
these two methods, the latter provide artificially high R2 values.

Estimates of alternative, fixed-price product purchasing 
(including usual-brand and investigational cigarettes) were evalu-
ated using linear mixed-effects modeling where the intercept reflects 
estimated purchasing when the target product is free and the slope 
represents increases/decreases in purchasing as the target product’s 
price increases. Generalized estimating equations (GEE19,20) were 
used for comparisons of observed individual-specific purchasing at 
the lowest price ($0.13/cigarette) and overall raw purchasing quan-
tities. Similar to mixed-effects models, GEE was chosen to account 
for the repeated measurements across individuals and these models 
are relatively robust against covariance structure misspecification. 
For both mixed effects and GEE, an exchangeable covariance struc-
ture was specified. Pairwise comparisons based on the mixed-effects 
models report estimated marginal means with Kenward–Roger21 
adjustments to degrees of freedom and Benjamini–Hochberg22 false 
discovery rate adjustments to p-values. All analyses were performed 
in R v.3.6.123 using the following packages: beezdemand,24 lme4,25 
geepack,20 tidyverse,26 tableone,27 and sjPlot.28

Results

Participant Demographics
A total of 151 participants were included in the final analyses, except 
for analyses including monthly income, which was missing for one 
participant (Supplementary Figure S1). Participant demographics 

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntaa226#supplementary-data
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are presented in Table 1. Except for education, no significant differ-
ences were observed among the groups on any demographic vari-
ables. Supplementary Table S2 shows Pearson bivariate correlations 
among several of the demographic variables measured.

Adherence During 5-Day Sampling
Previous research has suggested noncompliance issues with smokers 
consuming conventional cigarettes when assigned to reduced-
nicotine cigarettes.29 We correlated the number of investigational 
cigarettes consumed (obtained via the TLFB) during the sampling 
period with the number of cigarettes participants received at the as-
sessment session. Correlation coefficients ranged from .68 to .83, 
with the 15.8 and 0.4 mg/g groups displaying the greatest corres-
pondence (r = .83), the 5.2 and 2.4 mg/g groups displaying medium 
correspondence (r = .79), and the 1.3 mg/g group displaying the 
lowest correspondence (r = .68).

Investigational Cigarette Demand Across Regulatory 
Environments
Our first aim compared behavioral economic measures of intensity 
and change in price sensitivity, where we hypothesized valuation 
would be greatest when investigational cigarettes were the only 
product available, lower when alternative nicotine/tobacco prod-
ucts were available, and lowest when usual-brand cigarettes were 
available. At the group level, the Extra Sum-of-Squares F-test in-
dicated significantly different price sensitivity (log(α); F(2,2711) 
= 30.95, p < .001) values for investigational cigarettes across the 
three regulatory environments (Figure 1, Supplementary Tables S3 
and S4; Experimental Control R2 = .35; Proposed Marketplace R2 
= .22; Combined Marketplace R2 = .08), as well as differences in 
derived intensity (log(Q0); F(2,2711) = 4.89, p = .008). Derived 
intensity was marginally higher in the Experimental Control and 
Combined Marketplace compared with the Proposed Marketplace, 
whereas price sensitivity decreased systematically with the lowest 
value (highest valuation) when investigational cigarettes were the 
only product (ie, Experimental Control), intermediate values in 
the Proposed Marketplace, and highest (lowest valuation) in the 
Combined Marketplace where usual-brand cigarettes were avail-
able concurrently with investigational cigarettes. However, given 
the differences in the range of purchasing between the three regula-
tory environments (ie, substantially less purchasing in the Combined 
Marketplace) and that both parameters are highly influenced by 
the span parameter (k), estimates of derived intensity (ie, Q0) from 
Equation 1 is not readily interpretable. Therefore, we examined dif-
ferences across condition and nicotine level in observed intensity (ie, 
purchasing at lowest price) at the individual level using GEE.

Results of the GEE suggested an orderly significant effect of regu-
latory environment (χ2(2) = 115.90, p < .001) and cigarettes per 
day (χ2(1) = 12.22, p < .001) in predicting observed intensity. 
Estimated marginal means indicated intensity values of 81.8 (SE = 
5.68), 51.0 (SE = 5.11), and 21.0 (SE = 4.36) for the Experimental 
Control, Proposed Marketplace, and Combined Marketplace, re-
spectively. Every additional cigarette smoked per day resulted in 
an increase of ~2.9 (SE = 0.82) in observed intensity. No signifi-
cant main effect of nicotine level (χ2(4) = 5.32, p = .26) or 
regulatory environment by nicotine-level interaction was detected 
(χ2(8) = 6.35, p = .61).

In some regulatory environments, many participants did not pur-
chase any investigational cigarettes at any price. We used logistic GEE 

(binomial family and logit link function) to estimate the probability 
that no purchases were made at all prices within a given regula-
tory environment and nicotine level, and the model included add-
itional subject-specific variables. For each regulatory environment 
and within nicotine-level assignment, data were coded as to whether 
no investigational cigarettes were purchased at any price or at least 
one cigarette was purchased at one or more prices. Results suggested 
only regulatory environment significantly predicted no purchasing 
(χ2(2) = 94.63, p < .001). On average, compared with the 
Experimental Control, the odds of all zero investigational cigarette 
purchasing were seven times more likely to occur in the Proposed 
Marketplace and 36 times more likely in the Combined Marketplace 
(five times higher in the Combined Marketplace compared with the 
Proposed Marketplace). Nicotine level, usual-brand cigarette flavor, 
cigarettes per day, monthly income, or whether the participant was a 
multiuser were predictive of zero purchasing (Supplementary Table 
S5). The proportion of participants reporting all zero purchases in 
the Experimental Control, Proposed Marketplace, and Combined 
Marketplace were 0.06, 0.30, and 0.67, respectively.

Given the high proportion of all zero purchasing, and thus missing 
price sensitivity (α) values for the individual demand analysis, we 
modeled raw purchasing using GEE. Results suggested significant 
main effects of regulatory environment (χ2(2) = 193.2, p < .001)
, price (log transformed; χ2(1) = 129.7, p < .001; b = −52.58), 
cigarettes per day (χ2(1) = 15.9, p < .001; b = 0.94), and 
monthly income (χ2(1) = 5.4, p = .02; b = 2.64), and a signifi-
cant interaction effect between regulatory environment and price 
(χ2(2) = 149.8, p < .001); see Supplementary Table S6). Estimated 
marginal means indicated, on average, 30.41 (SE = 1.91), 18.64 (SE = 
1.75), and 4.29 (SE = 0.91) cigarettes purchased in the Experimental 
Control, Proposed Marketplace, and Combined Marketplace, re-
spectively. Nicotine level was not found to be a significant predictor 
either by itself (χ2(4) = 3.7, p = .45) or by interacting with regula-
tory environment or price (χ2(20) = 22.4, p = .32).

Conventional Cigarette Demand Across Regulatory 
Environments
Our second aim compared behavioral economics measures of valu-
ation for usual-brand cigarettes across regulatory environments, 
where the hypothesized demand would be greater when investi-
gational cigarettes were absent from the marketplace. Comparing 
usual-brand cigarette purchasing at the group level, the Extra 
Sum-of-Squares F-test (Supplementary Figure S3; Supplementary 
Tables S7 and S8) indicated significantly greater price sensitivity 
(α) values for usual-brand cigarettes in the Combined Marketplace 
compared with the Current Marketplace (F(1,1807) = 9.9752, p = 
.002; Current Marketplace R2 = .51; Combined Marketplace R2 = 
.43), but no differences in derived intensity (Q0; F(1,1807) = 1.7176, 
p = .190) (Current Marketplace log(Q0) = 5.12 [SE = 2.42]
; log(α) = − 5.15 [SE = −8.40], Combined Marketplace 
log(Q0) = 4.99 [SE = 2.49]; log(α) = − 4.96 [SE = −8.07]).

Similar to the analysis of intensity at the individual level for in-
vestigational cigarettes, GEE suggested a significant effect of regu-
latory environment (χ2(2) = 10.02, p = .002), but no significant 
interaction (χ2(4) = 4.34, p = .362) or main effect of cigarette 
type (χ2(4) = 3.42, p = .490). Estimated marginal means indicated 
intensity values of 98.4 (SE = 4.79) and 82.6 (SE = 5.23) for the 
Current Marketplace and Combined Marketplace, respectively. In 
this model, usual-brand cigarette flavor (χ2(2) = 7.35, p = .007)
; tobacco smoker’s intensity 17.5 higher than menthol), cigarettes 
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per day (χ2(1) = 22.88, p < .001; b = 3.21), and monthly in-
come (χ2(1) = 4.63, p = .031; b = 7.23) were significant pre-
dictors of intensity. Sex was not a significant predictor of intensity 
(χ2(1) = 0.49, p = .483).

Raw purchasing of usual-brand cigarettes was ana-
lyzed using GEE (Supplementary Table S9). These 

results suggested significant main effects of regulatory environment 
(χ2(1) = 19, p < .001), price (χ2(1) = 353, p < .001), cigarettes 
per day (χ2(1) = 30, p < .001; b = 1.25), and monthly income 
(χ2(1) = 12, p < .001; b = 3.48), and a significant interaction effect 
between regulatory environment and price (χ2(1) = 11, p = .001). 
Nicotine level was not found to be a significant predictor either by 
itself (χ2(4) = 3, p = .492) or by interacting with regulatory envir-
onment or price (χ2(12) = 17.1, p = .15). With all else in the model 
being equal, 6.1 more cigarettes were purchased in the Current 
Marketplace compared with the Combined Marketplace.

Cigarette and Alternative Product Substitution
We used GEE to determine the degree to which investigational 
cigarettes substituted for usual-brand cigarettes and vice versa 
(Supplementary Table S10). Overall, regardless of price, usual-
brand cigarettes tended to be purchased in greater quantities. 
This effect was observed even at low prices, which resulted in 
the substitution slopes for investigational cigarettes being higher 
than for usual-brand cigarettes (Figure 2). This pattern resulted 
in significant main effects of cigarette price (log transformed; 
χ2(1) = 23.2, p < .001), cigarette type (χ2(1) = 145.1, p < .001)
, monthly income (χ2(1) = 17.6, p < .001), and cigarettes per 
day (χ2(1) = 22.4, p < .001; b = 1.54), as well as a signifi-
cant cigarette by price interaction (χ2(1) = 17.3, p < .001). Flavor 
(χ2(1) = 1.4, p = .25), sex (χ2(1) = 0.6, p = .44), investigational 
nicotine level (χ2(4) = 4.2, p = .38), or a three-way interaction be-
tween nicotine level, cigarette type, and price were significant pre-
dictors (χ2(12) = 7.05, p = .85).

Figure 2. Substitution of investigational cigarettes for usual-brand cigarettes and vice versa in the Combined Marketplace across the different nicotine levels. 
Symbols and error bars indicate mean and SEM. Lines are derived from GEE models adjusted for covariates.

Figure 1. Investigational cigarettes purchased across regulatory environment 
as a function of increasing price. Symbols and error bars indicate mean and 
SEM.

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntaa226#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntaa226#supplementary-data
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Our third aim evaluated purchasing of noncombustible nicotine/
tobacco products across regulatory scenarios where we hypothesized 
alternate tobacco purchasing would be highest when investigational 
cigarettes were the only combustible product available, lower when 
usual-brand cigarettes were the only combustible product avail-
able, and lowest when both cigarettes were available. Comparing 
purchasing of alternative products was to determine the degree to 
which regulatory environment resulted in an overall switch from 
combustible tobacco products to non-combusted nicotine alterna-
tives (Supplementary Table S11). Therefore, for each participant, we 
totaled the amount of nicotine purchased across noncombustible 
products for each cigarette price within each regulatory environment. 
We then examined the interaction of price, regulatory environment, 
and nicotine level on the resulting amount of nicotine purchased. The 
results of our mixed-effects model suggested a significant regulatory 
environment by nicotine level interaction (χ2(12) = 30.48, p = .002
; see Figure 3). For all nicotine-level groups except the 5.2 mg/g 
group, mean nicotine purchased from alternative products was 
lower in both Combined Marketplaces compared with the Proposed 
Marketplace (ps < .01). For the 2.4 and 15.8 mg/g groups, signifi-
cantly more nicotine was purchased in the Current Marketplace 
compared with the both Combined Marketplaces (ps ≤ .01). Finally, 
for the 0.4 and 1.3 mg/g groups, mean nicotine purchased was sig-
nificantly higher in the Proposed Marketplace compared with the 
Current Marketplace (ps < .001). No significant pairwise compari-
sons were observed between nicotine levels for any given condition.

These results should be evaluated in light of the total number 
of cigarettes purchased in each of the regulatory environments 
(Supplementary Figure S4). For all nicotine levels, the fewest 
number of cigarettes were purchased in the Proposed Marketplace 

(M[SE] = 18.8[1.92]). On average, slightly more usual-brand cigar-
ettes were purchased in the Current Marketplace (M[SE] = 33.9[1.85]) 
compared with investigational cigarettes purchased in the 
Experimental Control (M[SE] = 30.5[2.14]). Finally, the greatest 
number of cigarettes was purchased in the Combined Marketplaces 
where both cigarettes were available for purchase, both when the 
usual-brand cigarette increased in price (UB: M[SE] = 27.9[1.66]; 
IC: M[SE] = 14.8[2.03]) and when the investigational cigarette in-
creased in price (UB: M[SE] = 49.9[3.27]; IC: M[SE] = 4.46[0.88]
). When fitted in a GEE model, significant effects of cigarette type 
(ie, usual brand, investigational; χ2(1) = 146.3, p < .001) and 
regulatory environment (χ2(4) = 148.6, p < .001) were found, 
but no effect of nicotine level (χ2(4) = 3.5, p = .48) or significant 
interaction between regulatory environment and nicotine level 
(χ2(16) = 18.3, p = .31). That is, model estimated marginal means 
indicated an average of 29.2 (z = 12.85, p < .0001) fewer investiga-
tional cigarettes (M[SE] = 14.7[1.44])purchased at each price com-
pared with usual-brand cigarettes (M[SE] = 43.9[2.51]).

Discussion

Given the recent proposals to reduce nicotine content in combust-
ible cigarettes, the goal of the present study was to apply behavioral 
economic concepts to prospectively estimate the degree to which 
purchasing of tobacco and nicotine products would change across 
several regulatory environments. Our first aim was to characterize 
purchasing of reduced-nicotine cigarettes across regulatory envir-
onments. We found behavioral economic estimates of intensity and 
price sensitivity were highest when investigational cigarettes were 
the only product available and lower when alternative nicotine/

Figure 3. Mean nicotine purchased (estimated marginal means; error bars indicate SEM) from alternate products in the various regulatory environments 
stratified by cigarette nicotine level. Combined Marketplace (UB ↑) indicates usual-brand cigarette price manipulated (investigational cigarette price fixed). 
Combined Marketplace (IC ↑) indicates investigational cigarette price manipulated (usual-brand cigarette price fixed). Statistical significance: *p < .05, **p < .01, 
***p < .001, ****p < .0001.

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntaa226#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntaa226#supplementary-data
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tobacco products were available. Compared with the Experimental 
Control, we found participants were significantly more likely to pur-
chase no investigational cigarettes in the Proposed Marketplace and 
even more likely in the Combined Marketplace. These findings have 
direct implications for tobacco policy such that restricting access 
to alternative, potentially less-harmful nicotine products (eg, NRT) 
may maintain higher levels of cigarette purchasing. Although we did 
not include combustible products other than the usual-brand and in-
vestigational cigarettes in the current experimental preparation, the 
magnitude of difference in how likely participants were to purchase 
no investigational cigarettes (seven times higher in the Proposed 
Marketplace, 36 times higher in the Combined Marketplace) sug-
gests policy considerations for alternative combustible products (eg, 
preferred cigarette, cigarillos, little cigars) insofar as greater avail-
ability of combustible tobacco products will potentially compete 
with a reduced-nicotine cigarette. This is supported by our finding 
that, regardless of nicotine level, participants purchased relatively 
higher quantities of usual-brand cigarettes compared with the inves-
tigational cigarettes (see Figure 2).

Our second aim was to examine how usual-brand cigarette 
purchasing would be affected with the inclusion of reduced-nicotine 
cigarettes in a marketplace. Our results suggested minimal reduc-
tions in usual-brand cigarette purchasing when investigational cigar-
ettes were available (Combined Marketplace) compared with when 
they were absent (Current Marketplace). When comparing total 
cigarettes purchased, the fewest total number were purchased in 
the Proposed Marketplace (investigational cigarettes), whereas the 
Combined Marketplace resulted in the most purchased with the vast 
majority representing usual-brand cigarettes.

Our third aim was to determine the extent to which nicotine 
purchasing of noncombustible nicotine/tobacco products would 
differ across regulatory environments. We found for all but the 5.2 
mg/g nicotine levels, mean nicotine purchased from alternate prod-
ucts was lower in the Combined Marketplace compared with the 
Proposed Marketplace. That is, alternative nicotine purchased was 
always higher when the investigational cigarette was the only com-
bustible product in the marketplace (Proposed Marketplace). The 
makeup and composition of purchasing of alternate products is be-
yond the scope of the current article, although we note much of the 
nicotine purchased was from electronic nicotine delivery system de-
vices, which in our current study was primarily from the disposable 
variety. Although, to our knowledge, this is the first study experi-
mentally simulating various regulatory environments across a range 
of nicotine levels in investigational cigarettes, our results do seem 
at odds with other research suggesting lower nicotine levels would 
be more effective at reducing cigarette consumption compared to 
higher nicotine levels.

Somewhat surprisingly, we observed few differences in the above 
results across nicotine levels. In the models we constructed, we tested 
nicotine level as main and interaction effects with regulatory envir-
onment but failed to find any meaningful and significant results. 
Besides the fact the current study was powered to detect only a small 
effect of regulatory environment by nicotine-level interactions, one 
explanation for this finding could be that, anecdotally and consistent 
with other data obtained using these cigarettes,30 participants may 
have found these cigarettes to be similarly displeasing, regardless of 
nicotine content. If the FDA decides to limit the nicotine content via 
regulatory action, tobacco companies will likely develop and market 
cigarettes designed to maximize their taste and attractiveness to ex-
isting smokers. If and when feasible, future studies should replicate 

the current experimental methods using commercially available 
reduced-nicotine cigarettes.

Numerous strengths of the current study should be mentioned. 
First, our experiential purchasing procedures (ie, ETM) with a wide 
variety of nicotine/tobacco products allowed even greater approxi-
mation to potential real-world scenarios that may not otherwise be 
captured in other experimental designs where participants are pro-
vided free cigarettes. Rather, participants were provided a budget 
and incurred actual costs in their purchasing decisions. Second, we 
explored several regulatory environments, some of which served 
as experimental controls, giving us the ability to directly compare 
the effects of adding specific types of products. Finally, even though 
we detected few significant differences, we were able to explore the 
impact of regulatory environments across a wide range of nicotine 
levels (double-blind), which provided us the ability to conduct para-
metric analyses.

Several limitations and areas for future research are noted. First, 
the current study was specifically powered to detect substitution dif-
ferences and a small effect of nicotine level by regulatory environment 
interactions. In a number of our analyses, we observed nicotine-level-
dependent trends associated with purchasing, but these interaction 
effects did not meet the traditional statistical significant thresholds. 
With more participants, we would have been able to explore and 
interpret these interactions with increased confidence. Second, after 
the initial 5-day sampling period, participants were able to purchase 
as many or as few investigational cigarettes as they wanted. As such, 
participants may not have had enough exposure to the investiga-
tional cigarettes to regulate their purchasing based on nicotine con-
tent alone. Future research could examine the effects of longer-term 
exposure to these cigarettes prior to making purchasing decisions. 
Third, we relied on the use of retrospective TLFB measures to as-
certain products used between each laboratory session, instead of a 
potentially more sensitive measure such as ecological momentary as-
sessments or the collection of used nicotine and tobacco products. 
However, participants were free to purchase as many or as few prod-
ucts as they wanted and purchasing substantially more products than 
what participants would actually consume is unlikely as purchases 
in the present experiment incurred an actual monetary cost. Indeed, 
a major general theme emerging from the reduced-nicotine literature 
is a high level of noncompliance among participants who are asked 
to smoke these cigarettes (~12%–78%29). Strategies to mitigate, or 
at least lessen, noncompliance issues may include leveraging a more 
open economy31,cf32 and having those enrolled in the study acknow-
ledge their responsibilities as a research participant to adhere to the 
research procedures. To open the economy, researchers could schedule 
specific days during the experiment where participants may use their 
own regular products and participants acknowledge they understand 
their responsibilities in the study. Fourth, we did not collect certain 
measures including health perceptions, withdrawal symptoms, or 
subjective ratings related to the different cigarettes. This information 
may be valuable for better understanding purchasing decisions; how-
ever, given the nature of participants engaging in actual purchasing 
decisions, we believe any differences in, for example, how much they 
liked the cigarettes would manifest themselves in purchasing patterns 
(eg, suppressed purchasing).

The current study sets the stage for further research questions 
exploring the regulatory impact of reduced-nicotine cigarettes. For 
example, we did not provide training or direct experience with the 
alternative products in the marketplace, and the products in the 
marketplace were limited to availability during the time the study 
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was conducted. Future research could examine the likelihood of 
switching to alternative products after training or provided experi-
ence, as well as including new products such as current-generation 
electronic nicotine delivery system (eg, Juul). Interactions with other, 
nontobacco products such as alcohol and marijuana would be valu-
able avenues of inquiry.

The results of the present experiment suggest regulatory envir-
onment, and the availability of alternative nicotine/tobacco prod-
ucts, not necessarily specific nicotine level, has the greatest effect on 
purchasing of combustible cigarettes. We have shown how the ETM 
can aid in prospectively estimating the effects of tobacco public 
policy. Taken together, these results suggest promoting the avail-
ability of less-harmful alternative nicotine products in combination 
with lower nicotine-containing cigarettes may maximize the effect-
iveness of a comprehensive nicotine standard policy.

Supplementary Material
A Contributorship Form detailing each author’s specific involvement with this 
content, as well as any supplementary data, are available online at https://
academic.oup.com/ntr.
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