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INTRODUCTION  

“Natural” and “organic” (subsequently natural/organic) consumer products have 
sustained substantial growth in recent decades, with sales breaking $50 billion for the first time 
in 2018.1  Perceived health benefits are a central reason why people buy natural/organic 
products; consumers commonly ascribe them positive characteristics such as lower calorie 
density, lower fat, and greater health.2-5  Like prior research on “light” cigarettes,6,7 research has 
established that natural/organic descriptors on cigarette packaging and advertising mislead 
current, former, and never smokers: consumers believe that cigarettes with these or similar 
descriptors are significantly more appealing, healthier, or less harmful than cigarettes without 
these descriptors.8-17 Despite these perceptions, there is no evidence that natural/organic 
cigarettes are less harmful to a person’s health than conventional cigarettes. Natural American 
Spirit (NAS) is the most prominent US brand using these descriptors, controlling roughly 3-4% of 
the cigarette market in 2017.18 In comparison, Newport, the #2 brand in the US, controlled only 
14% of the market in the same year.19 In 2019, NAS was the only cigarette brand owned by 
British American Tobacco (which owns Camel and Newport) that increased both market share 
and sales volume in the US20; NAS’s sales volume grew by another 6% in 2020.21 Given NAS’s 
success, it is unsurprising that other US tobacco brands (e.g., Winston, Nat Sherman, Seneca) 
also use these descriptors. While less common, cigarette brands also employ these terms 
outside the US: an evaluation of cigarette packs in 14 low and middle income countries found 
that cigarette brands used “natural” in 10/14 countries.22 

The passage of the 2009 Family Smoking Prevention and Tobacco Control Act (FSPTCA) 
prohibited tobacco companies from making explicit or implicit reduced-risk claims without a 
permissive order from the Food and Drug Administration (FDA).23 In August 2015, FDA issued a 
warning letter to Santa Fe Natural Tobacco Company, the makers of NAS cigarettes, and two 
other tobacco manufacturers, stating that their labeling and advertising of products as “natural” 
and “additive-free” violated section 911 of the FSPTCA because their labeling implies that “the 
tobacco products present a lower risk of tobacco-related disease or is less harmful” than other 
tobacco products.24,25 In 2017, RJ Reynolds (parent company of SFNTC) agreed to remove 
“additive-free” and some instances of “natural” from NAS labeling and marketing, but the brand 
retained “natural” as part of its brand name. It is within FDA CTP’s purview to demand changes 
to misleading brand names, and the agency could act on this issue in the future. 

Unlike “natural,” FDA CTP has not publicly initiated regulatory action against the use of 
“organic.” NAS cigarettes use the phrase “made with organic tobacco” as allowed by the United 
States Department of Agriculture (USDA) National Organic Program, meaning that at least 70% 
of its ingredients come from a certified organic source. If the use of the “organic” descriptor is 
allowed by USDA, but in violation of section 911 of the FSPTCA, then FDA’s and USDA’s 
regulatory authorities are in conflict. Resolving this conflict will require science to guide 
regulatory decision making. 

The proposed research will build upon prior work examining descriptor effects on 
expectancies only by additionally examining how organic/natural expectancies affect subjective 
effects (e.g. harshness, strength), puffing behavior, and acute exposure to harmful chemicals 
(e.g., TSNAs, etc.), potentially linking descriptors with actual tobacco use behavior. We will use 
response expectancy theory to guide our investigation of how tobacco users interpret the 
experience of using a natural/organic tobacco product. Response expectancy theory asserts that 
expectancies can shape a person’s interpretation of a physical experience (e.g., subjective 
effects of smoking, such as taste) and affect behavior.26 For example, smokers commonly 



 

 

understand “strong” or “harsh” cigarette smoke as an indicator of increased harm6; smokers 
interpret “smoothness” as an indicator of reduced harm.27 Similarly, a smoker may engage their 
understanding of “organic” from other consumer product labeling, and interpret the subjective 
experience of smoking an “organic” cigarette differently than if that same cigarette pack did not 
bear the “organic” label. Descriptors may prime consumers to interpret the subject effects of 
using a cigarette differently, leading to unexpected responses to regulatory actions meant to 
reduce abuse liability and/or appeal.6,26 Thus, this work will provide the FDA with critical 
knowledge regarding how descriptors affect not only perceptions but also the subjective 
interpretation of using natural/organic cigarettes, which may guide regulatory decisions related 
to cigarette marketing and design.  

We will also examine whether organic/natural expectancy effects are moderated by 
gender. While men and women report occasional organic product purchasing at similar rate, 
women are more likely than men to report consistent organic purchases28 and to hold more 
positive views of organic products.28,29 The feminization of products framed as “healthy” or 
“lower harm” is evident in the history of tobacco companies’ attempts to lessen the fears of 
health concerned smokers. Women were more likely than men to adopt several of the major 
“harm reducing” tactics promoted by the tobacco industry, including filtered and “low yield” 
cigarettes.30 Given these facts and results from our pilot study,31 we hypothesize that women 
will react more favorably than men to the “natural” and “organic” cigarette conditions in the 
proposed study. 

 
METHODS  

 
Study overview 

The overall purpose of this study is to examine the relationship between the “organic” 
and “natural” descriptors and health risk expectancies, subjective effects, topography, and 
resulting chemical exposures. This is a within-person human laboratory study with assessments 
of psychological, behavioral, and biological exposure data. The procedures described here were 
tested in a pilot study conducted in late 2019.32 Data will be collected at the University of 
Nevada, Reno (Reno, Nevada, USA), the Desert Research Institute (Reno, Nevada, USA), and the 
University of Pennsylvania (Philadelphia, Pennsylvania, USA). The study will consist of 5 total lab 
visits: the baseline visit, and four experimental visits (own brand comparator condition, 
“natural” advertising condition, “organic” advertising condition, and “conventional” advertising 
condition) (Figure 1). Conditions will be randomized and counterbalanced to account for order 
effects.  

This is a deception study; participants will believe that they are participating in market 
testing cigarettes and will not know the real purpose of the study. We created a faux tobacco 
brand and associated cigarette mailer for the organic, natural, and conventional cigarette 
varieties (Figure 2). While participants will believe they are testing three varieties of a new 
brand of cigarette, in reality they will use the same product (Nat’s “Rich Smooth Taste” 
cigarettes, the blinded experimental cigarette) three times. None of the labs involved in data 
collection are in medical or public health-focused buildings, which aids in the study deception. 
Results from our pilot study demonstrate that this study design will deceive participants.32 At 
the last pilot study visit, we asked our 22 pilot study participants to restate the purpose of the 
study as they saw it. Though a handful of participants inferred that things weren’t exactly as 
they seemed, none of the participants described the actual study purpose. We will include the 
same question at the end of Session 5 to identify participants who were not deceived by the 
study (see Missing Data).  



 

 

 
  

Aims & Hypotheses 
Aim 1 hypotheses are primary; Aims 2 and 3 hypotheses are secondary. The specific 

aims and associated hypotheses are: 
 

Aim 1: Examine the association between exposure to “natural” or “organic” cigarette 
descriptors and: 1) health risk expectancies (e.g., chemical content); 2) subjective effects of 
smoking (e.g., chemical taste); 3) smoking topography (e.g., total puff volume); and 4) 
biomarkers of exposure (e.g., salivary aldehydes).  

 
H1.1: More participants will rate cigarettes in the “natural” and “organic” conditions as having 
fewer chemicals relative to cigarettes in the “conventional” condition.  
 
H1.2: Participants’ average ratings of the “chemical aftertaste” of the cigarettes in the 
“natural” and “organic” conditions will be higher (e.g., closer towards the “less chemical 
aftertaste” side of the scale) relative to their average ratings of the cigarette in the 
“conventional” condition.  
 
H1.3: Total puff volume will be higher in the “natural” and “organic” conditions than the 
“conventional” condition. 
 
H1.4: Change in salivary aldehyde concentrations pre/post administration of the study 
cigarette(s) will be higher in the “natural” and “organic” conditions than the “conventional” 
condition. 
 
Aim 2: Examine whether the relationships in Aim 1 differ by preference for a 
“natural/organic” cigarette brand (NAS smokers vs. non-NAS smokers).  
 
H2.1: Compared to non-NAS smokers, more NAS smokers will rate the “natural” and “organic” 
conditions as having fewer chemicals relative to their ratings in the “conventional” condition, 
but not relative to their own brand condition.  
 
H2.2: Compared to non-NAS smokers, NAS smokers’ average ratings of the “chemical 
aftertaste” of the cigarettes in the “natural” and “organic” conditions will be higher (e.g., 
closer towards the “less chemical aftertaste” side of the scale) relative to their average 
ratings of the cigarette in the “conventional” condition, but not relative to their own brand 
condition 

 
H2.3: NAS smokers’ total puff volume will be lower in the “conventional” condition than the 
“natural,” “organic,” and own brand conditions.  
 
H2.4: NAS smokers’ change in salivary aldehyde concentrations pre/post study cigarette(s) 
administration will be lower in the “conventional” condition than the “natural,” “organic,” 
and own brand conditions.  

 
Aim 3: Examine if relationships in Aim 1 differ by gender.  

 



 

 

H3.1: A greater proportion of women than men will rate the cigarettes in the “natural” and 
“organic” conditions as having fewer chemicals relative to cigarettes in the “conventional” 
condition.  
 
H3.2: Compared to men, women’s average ratings of the “chemical aftertaste” of the 
cigarettes in the “natural” and “organic” conditions will be higher (e.g., closer towards the 
“less chemical aftertaste” side of the scale) relative to their average ratings of the cigarette in 
the “conventional” condition. 
 
H3.3: Compared to men, the difference in women’s total puff volume will be greater in the 
“natural” and “organic” conditions relative to their own brand than the difference in the 
“conventional” condition relative to their own brand. 
 
H3.4: Compared to men, women’s change in salivary aldehyde concentrations pre/post study 
cigarette(s) administration will be greater in the “natural” and “organic” conditions relative to 
their own brand than in the “conventional” condition relative to their own brand. 

 
Recruitment. We will recruit 125 adult daily NAS smokers and 125 adult daily non-NAS 

smokers (250 total). Our goal is to recruit 50% women for each group. Participants will be 
recruited via public online postings (e.g., Craigslist), participant referrals, physical flyers, and 
other means as necessary. Recruitment documents will direct potential participants to answer 
questions in an online screening survey. The screener will be programed to identify eligible 
individuals and inform others that they are not eligible, and will collect IP address so that the 
study team may identify individuals who attempt to qualify for the study by taking the screener 
multiple times. Study personnel will contact eligible individuals to confirm eligibility and 
schedule their baseline session.   

Eligibility. Eligible subjects will be daily cigarette smokers who smoke at least 5 
cigarettes/ day and have smoked that amount for at least the past six months; are between 21 
and 65 years old; are not currently undergoing smoking cessation treatment or tying to quit; are 
able to communicate fluently in English (speaking, writing, and reading); and are capable of 
providing written informed consent, which includes compliance with the requirements and 
restrictions listed in human participant protections.  

Additional eligibility criteria by participants’ preferred brand are presented in Table 1. 
We define smokers’ preferred brand as a brand they have used daily for at least the past 30 
days. We will further restrict the participants’ preferred cigarette brand characteristics to 
restrain variability in our sample’s preferred subjective effects (e.g., we will exclude menthol 
tobacco users because study-supplied products will be non-menthol). We will confirm smoking 
status at the baseline visit using an exhaled CO test of >= 10ppm. Smokers reporting having used 
non-combusted forms of nicotine/tobacco in the past 30 days at baseline will not be eligible, as 
they are at greater risk of using these products to evade nicotine abstinence requirements 
before visits 2-5. We will also exclude participants who have smoked marijuana in the past week 
because frequent marijuana use could affect their CO or biomarker values. Ineligible participants 
will be those who report the blinded experimental cigarette brand (Nat’s “Rich Smooth Taste” – 
see Experimental Tobacco Product) as their preferred brand (as they are likely to recognize their 
brand); plan to quit smoking in the next 30 days; are pregnant and/or lactating; have any 
impairment including, but not limited to, visual, physical, and/or neurological impairments 
preventing the completion of procedures included within this protocol; and have had a serious 
or unstable disease within the past 12 months (e.g., heart disease, cancer, schizophrenia).  



 

 

Compensation. Participants will receive monetary incentives totaling up to $200 if they 
complete all study sessions. Participants will receive $20 for attending each session. 
Additionally, they will receive an abstinence bonus of $10 for the second session (total $30), $20 
for the third session (total $40), $30 for the fourth session (total $50), and $40 for the fifth 
session (total $60). Compensation amounts increase at each session to encourage continued 
engagement in the protocol; compensation amounts are similar to the amounts used in a pilot 
study at UNR which utilized similar procedures to evaluate participant reactions to 
“conventional” and “organic” cigarette descriptor conditions only. 31  

 
Study procedures 

At the beginning of Session 1, study personnel will explain the study, obtain written 
informed consent, and confirm eligibility. Next, participants will complete questionnaire 
measures of demographic information, tobacco use history, and nicotine dependence. They will 
also confirm their preferred cigarette brand (as reported on the screener), record sub brand 
information, and provide an exhaled CO test to verify tobacco use status. We will also familiarize 
the participant with the topography equipment and other data collection processes. At the end 
of the visit, staff will instruct the participants to abstain from smoking overnight prior to their 
next visit and will compensate them for their time. 

To remove the influence of any prior cigarette consumption on smoking the study-
provided cigarettes (e.g., participants who just smoked their brand before arriving at the 
laboratory may take few puffs due to already being satiated by their brand), participants will 
smoke the blinded experimental cigarette in the lab in Sessions 2-5 after 12 hours of abstinence. 
All participants must provide an exhaled CO test of < 10ppm before starting Sessions 2-5. If 
participants fail to arrive abstinent, they will have one more opportunity to start the condition 
before removal from the study. Participants will receive the $20 session payment at their first 
failure as a good-faith measure but will not receive the $20 session payment if they fail again. 
We anticipate that we will need to recruit up to 50 additional participants to account for 
smokers who are unable to remain abstinent before Sessions 2-5. All sessions will begin at the 
same time of day (congruent within ~4 hours) to minimize diurnal variation in smoking 
behaviors. All study sessions will occur no less than 1 day apart and must occur within 3 months.  

Session 2 is the participant’s own brand assessment. Study personnel will collect a CO 
reading (to confirm abstinence), assess harm perceptions pre-administration of the product, 
collect a saliva sample, allow the participant to smoke their cigarettes (ad lib) for 15 minutes 
(consuming as much as they like) with the topography equipment attached, assess subjective 
effects, collect a saliva sample and CO reading directly after self-administration, and administer 
the purchase task. The purpose of this session is to understand how reinforcing participants find 
their own brand and is useful for disentangling the effect of the exposure from the effect of smoking 
a novel cigarette. For example, if topography results are null, we can use the OB condition 
topography data to evaluate to what degree are our results due to participants not liking the 
experimental cigarette. We will also use data from Session 2 to describe NAS smokers’ OB 
evaluations and to compare them to non-NAS smokers’ OB evaluations. Collecting expectancies and 
subjective effects will help us understand the motivations NAS smokers have for using their 
preferred brand. 

Sessions 3-5 are the experimental exposure sessions and will have identical protocols 
other than the introduction of different advertising exposures. Study personnel will collect a CO 
reading (to confirm abstinence) and a saliva sample, introduce the cigarette to be used that day 
(see “Description of the exposure”), assess participants’ expectancies, measure their smoking 
topography for 15 minutes of ad lib use, collect their subjective impressions of the cigarette, and 



 

 

collect a second CO reading and saliva sample. During the final session, we will debrief the 
participant about the study (including clarification that “organic” and “natural” cigarettes are 
not reduced-harm products) and assess whether participants were deceived by the protocol by 
asking them to re-state their understanding of the purpose of the study.  

Description of the exposure. We will tell participants that our labs have a contract to 
test a new line of cigarettes. We will expose participants to three direct mailers and brand 
descriptions for a “new” line of cigarette products by “Capital Tobacco.” The mailer designs will 
not include American Indian or eco-friendly imagery, which could convey reduced-harm 
messages.11,12,33,34 Mailers will also use the same color (orange), as varying colors could convey 
reduced harm messages.35 We chose a direct mailer as the exposure for three reasons: 1) 
tobacco companies use direct mailers to sustain smoking and encourage switching36,37; 2) direct 
mailers are a dominant form of tobacco advertising in the USA38; and 3) the pilot study used a 
direct mailer that participants found convincing.  

The mailers were produced by a professional graphic designer and are presented in 
Figure 2. In the “natural” condition, we will position “natural” as part of the brand name 
(Natural Capital Cigarettes) so that our use is similar to how NAS and other brands employ 
“natural.” Similarly, we will position “organic” as a descriptor and not part of the brand name to 
be parallel with this descriptor’s use in the NAS brand. 

As participants view the mailer, study personnel will also read a script introducing the sub 
brand to ensure that each participant has an adequate dose of the exposure. The study sub 
brand script is based on existing cigarette brand descriptions taken from tobacco product 
websites. (See Supplemental Materials for brand descriptions.) 

Experimental cigarette. After exposure to the direct mailer in Sessions 3-5, participants 
will smoke the faux “Capital” cigarette ad lib for 15 minutes, smoking as many cigarettes as they 
like. Though study personnel will present the cigarette as three different varieties of the same 
brand, the cigarettes will be Nat’s “Rich Smooth Taste” (yellow box) in all conditions; 
participants will be blinded to this fact. We chose Nat’s because it is a relatively unknown brand, 
so participants are unlikely to recognize the product’s taste or appearance. We chose the “Rich 
Smooth Taste” sub brand because it is Nat’s version of a medium-bodied cigarette.  

 
Measurement instruments and measures 

Outcomes. Our primary outcomes are differences by condition in: 1) belief that the 
cigarette has fewer chemicals (expectancies); 2) chemical aftertaste (subjective effects); 3) total 
puff volume (topography); and, 4) salivary aldehydes concentration (biomarkers of exposure).  

Measures. Table 2 presents a summary of our proposed measures and schedule of 
assessments. We include descriptions of plans for additional measures described in Table 2 in 
the appropriate sections below.  

At Session 1 we will collect: demographics, tobacco use history and current behavior, 
the Fagerstrom Test for Nicotine Dependence (FTND), the Ethically-Minded Consumer Behavior 
Scale (Factor 1), and the Organic Product Scale. We will assess health concern about 
participants’ own smoking using an item from the Population Assessment of Tobacco and Health 
(PATH) Study, which was previously associated with NAS preference in our team’s descriptive 
study of NAS smokers in 2016.22 

Expectancies: We will assess expectancies directly after exposing participants to the 
experimental condition in Sessions 3-5. Items are rated on a 5-point Likert scale (1 = “definitely 
untrue”, 5 = “definitely true”) and begin with the statement, “Compared to your own cigarettes 
that you usually smoke, the cigarettes you will smoke today …” Expectancy items are listed in 
Table 2. The primary expectancy outcome measures is whether the experimental cigarette has 



 

 

fewer chemicals than the participants’ usual cigarette; this choice was informed by our pilot 
study data, which suggested that the perceived presence/absence of chemicals plays a 
significant role in smokers’ understanding of the source of the harm of smoking.32 Data from 
additional measures in this section will be used to describe participants health risk expectancies 
connected to their own brand of cigarettes, and to evaluate the validity of these items as a 
composite score describing the health risk expectancies for natural/organic cigarettes.  

Subjective ratings: We will assess subjective ratings after each ad lib session using items 
developed by the tobacco industry and the UPenn laboratory and adapted given pilot study 
results. 31 Subjective rating items are listed in Table 2. The “chemical aftertaste,” “clean tobacco 
taste,” and “overall feeling” items are new items that reflect how smokers discussed the 
subjective effects of smoking an organic cigarette in our pilot study31; the “chemical aftertaste” 
is the main outcome for the subjective ratings. Items are rated on a 100 mm visual analog scale 
with item-specific anchors (e.g., strength: 0 = "no chemical aftertaste," 100 = "strong chemical 
aftertaste”). As with the additional expectancies items, the additional subjective effects items 
will be used to characterize participants’ subjective effects from their own brand cigarettes 
(comparing NAS and non-NAS smokers will be especially informative), and to evaluate the 
validity of these items as a composite score describing subjective effects of natural/organic 
cigarette smoking. 

As exploratory behavioral measures, we will also include a cigarette purchase task (CPT), 
a behavioral economic measure, to assess demand in each cigarette condition. The CPT will ask 
participants how many of the cigarette types (e.g., natural vs organic vs own vs conventional) 
they would be willing to consume a day at escalating price points (i.e., starting at free then 
increasing by 5 cent increments (i.e., $1.00 per pack) to $1.45 per cigarette or $29 per pack). 
These responses are used to calculate five demand indices: breakpoint (the first price that 
consumption is suppressed to zero), Omax (the maximum expenditure for the product), 
intensity (consumption at the lowest price, i.e., zero), Pmax (price at Omax), and elasticity 
(sensitivity to change in price); the first four are observed while the last is computed based on a 
combination of these items. Breakpoint will be the primary CPT-related outcome for these 
exploratory analyses. In addition to capturing actual smoking behavior with the topography 
device, assessing both behavioral intentions and demand indices obtained by the CPT will 
provide us with multiple behavioral measures to comprehensively understand how 
organic/natural expectancies influence behavior.  

Total puff volume: We will collect participants’ puffing behavior using a topography 
instrument developed and manufactured at the American University of Beirut and calibrated 
across labs to determine participants’ total inhalation volume. To use the topography device, 
the cigarette is placed in a sterilized mouthpiece, and the internal pressure transducer measures 
pressure changes that occur during inhalation. The pressure changes are amplified, digitized and 
sampled at 1000 Hz, then software converts the signal to airflow (ml/s) in real time (s), and from 
this provides number of puffs, puff volume, puff duration, maximum flow, and interpuff interval 
(time between puffs). The primary topography outcome is total puff volume due to its well-
characterized responsiveness to changes in cigarette type. 39-41  

 
Biomarkers and saliva sample collection procedures  

The primary purpose of the biomarker analysis is to assess whether exposure to 
aldehydes and nicotine in cigarette smoke varies by descriptor condition. These markers could 
reflect smoking behavior changes (i.e., mouth holding and inhalation) which could not be 
captured by topography measurement (i.e., puffing). Saliva samples will be collected from the 
participants before and after each ad lib tobacco product use bout in Sessions 2-5. The research 



 

 

staff will ask subjects to wash their mouth with clean water when collecting the ‘before session’ 
saliva sample. The “after session” samples will be collected just after the participant finishes 
their last puff. Saliva samples (approx. 3 mL) will be collected using a Salimetrics saliva collection 
kit (Salimetrics, Carlsbad, CA). Saliva samples will be shipped to DRI Reno campus and be stored 
at -40°C prior to analysis. Salivary aldehydes (formaldehyde and acetaldehyde) and nicotine are 
exposure biomarkers. We will measure the concentration of these biomarkers in the mouth, 
before they are metabolized by the body, and make within-person comparisons in 
concentrations by study descriptor conditions. In addition, nicotine metabolites (cotinine and 
trans-3’-hydroxycotinine) will be measured to confirm smoking abstinence. 
 
Missing data 
 Participants who complete at least three study visits will be retained for analyses; those 
with three or fewer visits will be excluded. Additionally, we will exclude people from the study if 
they correctly describe the purpose of the study and the nature of the study deception at the 
last visit. Self-reported measures: We do not anticipate missing data within person for the 
baseline, expectancies, subjective measures, or purchase task because the survey software does 
not allow participants to complete surveys with missing data. Research assistants will be nearby 
to help with troubleshooting during data collection. If for some reason there is missing self-
report data, we will listwise delete that observation from analyses. Topography: It is possible 
that the topography devices will produce out-of-range values due to malfunction. To minimize 
the potential malfunction, we will inspect and calibrate the topography device before each 
session. Using guidance from the device manufacturer, we will merge puffs with an inter-puff 
interval (IPI) of less than 400ms and count them as 1 puff. Similar to prior work, we will also 
exclude first puff data as the first puff may be affected the topography mouthpiece.42 We will 
then identify topography datapoint outliers, defined as puff duration > 10 seconds and/or puff 
volume < 10 ml. Topography data from sessions where more than 20% of puffs are defined as 
topography datapoint outliers will be excluded from analyses due to device malfunction. 
Biosamples: Saliva sample data with less than 0.5 mL of fluid will be excluded because we are 
unable to analyze samples that small.  
 
 
Sample size calculations 

Sample size calculations were performed using GLIMMPSE Version 3.43 Though a 
Bayesian model averaging approach will be used, sample size calculations using a non-Bayesian 
approach are applicable here because they correspond to the model that is believed to be most 
likely true a priori, and also because we plan to use uninformative priors on the parameters in 
the model, which makes our analyses comparable to the non-Bayesian approach that is used for 
sample size calculations. As we do not have pilot data to inform our sample size calculations for 
the NAS/non-NAS group, our sample size calculations are based on the group means by gender 
that were observed in the pilot study on “total puffs” and a standard deviation of 5.5.31 Given 
NAS smokers’ preexisting misperceptions about natural/organic cigarettes, we anticipate that 
group means will be more extreme in the NAS/non-NAS group.44 Thus, the minimum sample size 
required for Aim 3 analyses should be sufficient to address the Aim 2 analyses. Assuming an 
intraclass correlation between repeated measurements of 0.5, 40 total subjects are needed to 
detect a significant interaction between gender and condition (natural/organic vs 
conventional/own brand) at 90% power and a significance level of 5%, while 99% power 
requires 68 subjects. Since these assumptions use information based on only 22 subjects in the 
pilot study, sample size calculations were also performed with an effect size 50% smaller and a 



 

 

covariance matrix 50% larger than assumed: under these conditions, 90% power is achieved 
with 228 total subjects. Fewer subjects are needed to detect differences hypothesized in Aim 1 
at each given power; for example, under the smallest effect size observed in the topography 
pilot data (which assumes a mean difference of 120ml with standard deviation 165ml), 120 
subjects are needed to achieve 90% power under an effect size that is 50% smaller and 
covariance matrix that is 50% larger than assumed. Thus, we will enroll 125 participants per 
cigarette type (250 total, though we have budgeted for up to 300 participants to account for loss 
to follow up) to ensure at least 228 participants complete the full study. Our proposed sample 
size is adequate to detect a similar topography effect size to our pilot study, examine 
moderation by NAS preference and gender, and allow for adjustments to the significance level 
due to multiple comparisons. 

 
Statistical analyses 

The study will examine the associations between condition (“organic,” “natural,” or 
“conventional”) and four classes of primary outcomes: 1) expectancies (binary outcome); 2) 
subjective ratings (continuous outcome); 3) topography (continuous outcome); and 4) 
immediate biomarkers of exposure (continuous outcome). Within these classes of outcomes, 
our primary comparisons are average within-person differences by condition in: 1) belief that 
the cigarette has fewer chemicals; 2) chemical aftertaste; 3) total puff volume; and, 4) salivary 
aldehydes concentration. We will treat analyses of all other outcomes as exploratory.  

In a crossover design, where each subject experiences all conditions (such as this 
design), a differential carryover effect may bias the estimated effect of the condition. 45 A 
differential carryover effect would mean that the effect of the condition depends on the period 
(visit number), which is a carryover effect, and that this carryover effect is larger for certain 
sequences of visits or types of subjects (e.g. NAS-smoking type or gender). The traditional 
approach of Grizzle (1965) 46 uses only independent data if there is evidence of a carryover 
effect, which would mean using only data from visits 1-3 (out of 5) for all subjects in this study; 
on other hand, if there is no evidence of a carryover effect, then all data can be used. With a 
counterbalanced design, using only data from visits 1-3 would allow us to test hypotheses 
H(1.1)-H(3.4), but hypothesis testing would have lower statistical power compared to using data 
from all 5 visits. Even though counterbalancing reduces carryover effects, it is not guaranteed to 
prevent them. Differences in carryover effects can be incorporated within a Bayesian framework 
without resorting to the 'all-or-nothing' approach that follows a preliminary test 47; we will 
therefore use a Bayesian approach for these analyses. 

In particular, a Bayesian linear and logistic mixed effects model will be used to test 
hypotheses H(1.1) - H(3.4). Since we do not anticipate a carryover effect, main analyses will use 
a prior distribution that assumes there is no carryover effect. However, sensitivity to this choice 
of prior will be assessed by repeating analyses under different choices of prior that allow for a 
carryover effect using an approach similar to Grieve (1985).48 For example, one particular choice 
for this prior assumes a carryover effect is absolutely certain (more details of this prior are 
below).  

We will consider models that: 1) allow the effect of the condition (conventional, organic, 
and natural) to differ based on NAS-smoking status and gender (as hypothesized); 2) allow the 
effect of the condition to differ based only on NAS-smoking status; 3) allow the effect of the 
condition to differ based only on gender; and 4) do not allow the effect of the condition to differ 
based on NAS-smoking status or gender. We will also consider models that combine the effects 
of the natural and organic conditions, as we believe the effects of these two conditions could be 
similar for our outcomes. We will also consider in the model an effect for the own brand 



 

 

condition (which may or not depend on NAS-smoking status and gender), period effects, 
random effects, and effects for other covariates that may be predictive of the outcome. Bayes 
factors will be used to determine if the effect of the condition depends on NAS-smoking status 
or gender, and if a combined effect (one effect vs two) should be used in the model for the 
natural and organic conditions.  

Baseline covariates that may be significant predictors of the outcome will be considered 
in the model because including predictors that reduce noise may increase the efficiency of the 
analyses in H(1.1) – H(3.4). We will use Bayesian model averaging to control for other covariates 
and estimate the parameters in each considered model.49  Bayesian model averaging 
incorporates model uncertainty into inference and has several other advantages over the 
approach that relies on choosing a single best model among many candidate models.50  In 
general, Bayesian model averaging uses all possible models that can be considered given a set of 
covariates (there are 2k possible models when there are k covariates) and estimates parameters 
by using a weighted average of the estimates obtained from each model, where better fitting 
models are given larger weights (see Raftery et al. (1997)49 and Hinne et al. (2020)50 for more 
details). The following baseline measures in particular will be considered (which are a priori 
expected to be related to the outcomes that are used to test hypotheses H(1.1) – H(3.4)): score 
on the organic products scale, age, education, heaviness of smoking, perceived health, and own 
brand total puff volume (for all outcomes except the topography outcome, which uses total puff 
volume as the response); however, other covariates collected at baseline (e.g. race, ethnicity) 
will also be considered in the model. Using Bayes factors to first choose the best representation 
for the effects of the condition in the model and using Bayesian model averaging to estimate the 
parameters in the model will be repeated separately for each outcome, so that we have one 
model for each of the four outcomes: expectancies, subjective ratings, topography, and 
biomarkers of exposure.  

A continuous response is a reasonable assumption for all outcomes except those in 
H(1.1), H(2.1), H(3.1), and H(4.1); in these hypotheses, the outcome will be modeled as a binary 
response (0/1) and an alternative model formulation (e.g. logistic mixed model) consisting of the 
same model parameters (e.g. same linear predictor as the other outcomes but using a logit link 
function) will instead be used to model the probability that the outcome is equal to 1. Other 
outcomes may also be modeled as a binary response depending on their distribution (more 
details are provided below).  

Preliminary analyses assume there are no carryover effects. However, sensitivity to this 
assumption will be examined by considering models that instead assume there are carryover 
effects (as described above); if there are carryover effects, then the effect of the condition also 
depends on the period (in addition to possibly gender and NAS-smoking status). For the main 
analyses that assume there are no carryover effects, we will use uninformative priors for all 
model parameters. Markov Chain Monte Carlo (MCMC) sampling will be used to estimate the 
posterior distribution of the model parameters; if there is a convergence issue for a parameter 
(e.g. if variance hyperparameters are on the boundary) or if model fit is a concern, we will 
instead consider weakly informative priors. 51 When uninformative priors are used, results using 
a single candidate model with a Bayesian model averaging approach are equivalent to non-
Bayesian, frequentist analyses (i.e. maximum likelihood estimation techniques).   

To assess sensitivity of our choice of prior for the carryover effect, we will use a process 
similar to Grieve (1985).48 To allow for a carryover effect, we will first use a Normal distribution 
with mean 0 and variance 𝜎!"#  as the prior for the carryover effects, and use an uninformative 
prior for 𝜎!"#  that ranges between 0 and ∞. Next, we will let 𝜋 be the prior odds of M0 to M1, 
where M0 is the model above without carryover effect and M1 is the model with carryover 



 

 

effect. We can then assess the impact of a range of prior belief in a carryover effect by repeating 
analyses for different values of 𝜋. The primary analyses assume there is no carryover effect, 
which corresponds to 𝜋 equal to 1, while sensitivity analyses will assume there is a carryover 
effect, which corresponds to 0 ≤ 𝜋 < 1.   

Since MCMC methods will be used, the entire posterior distribution corresponding to 
the parameters of interest will be estimated and can be produced as figures. Figures may be 
overlaid to show how results are sensitive to our choice of 𝜋. Even though we will obtain the 
entire posterior distribution of our parameters, we will also calculate 95% credible intervals, 
which is an alternative way of presenting effect sizes corresponding to hypotheses H(1.1) – 
H(3.4). Credible intervals will also be used to conduct hypothesis testing (details on hypothesis 
testing are below). Below are the model outcomes that will be used to test each hypothesis: 

 
H(1.1), H(2.1), H(3.1): Expectancies (Have fewer chemicals) 

We will create a binary variable from a 5-point Likert scale (Definitely true, Somewhat 
true, Neither true nor false, Probably false, Definitely false) for this measurement to indicate if 
the participant believes the cigarettes smoked during the visit have fewer chemicals (if 
answered Definitely true or Somewhat true) or not (if answered Neither true nor false, Probably 
false, or Definitely false). We will use an approach that models the probability of belief that 
cigarettes smoked during the visit have fewer chemicals, and we will use the logit link function 
so that the form of the best model will resemble a mixed effects logistic regression model; other 
link functions (e.g. probit) will be considered if model fit is a concern.  
 
H(1.2), H(2.2), H(3.2): Subjective effects (chemical aftertaste) 
 Chemical aftertaste will be used as the outcome, which will have items rated on a 100 
mm visual analog scale with item-specific anchors (e.g., strength: 0 = "strong chemical 
aftertaste," 100 = "no chemical aftertaste”). We do not anticipate many measurements on the 
boundaries (0 or 100), which makes Normality an appropriate assumption for the residuals. 
However, if there are many measurements on the boundaries (i.e. if Normality does not seem 
like an appropriate assumption for the residuals), then a binary outcome that indicates if the 
measurement is greater than 50 will be used instead, and we will use the logit link function so 
that the form of the best model will resemble a mixed effects logistic regression model (like 
above for the expectancies outcome); other link functions (e.g. probit) will be considered if 
model fit is a concern.    
 
H(1.3), H(2.3), H(3.3): Topography (total puff volume) 
 Normality is expected to be an appropriate assumption for total puff volume (a 
quantitative variable) based on pilot data.32 However, if Normality does not seem like an 
appropriate assumption for the residuals in this sample, then a transformed outcome (e.g. log-
transformation) will be considered (particularly if the outcome is skewed). If normality is still 
violated, we will consider a binary outcome using a median cutoff and use the logit link function 
so that the form of the best model will resemble a mixed effects logistic regression model (like 
above for the expectancies outcome); other link functions (e.g. probit) will be considered if 
model fit is a concern.    
 
H(1.4), H(2.4), H(3.4): Biomarkers of exposure (Salivary aldehydes) 
 Concentrations of formaldehyde and acetaldehyde will be used as the outcome 
(difference between pre- and post-visit), where Normality is expected to be an appropriate 
assumption for the error term. However, just as with the other outcomes, if Normality does not 



 

 

seem like an appropriate assumption, a transformed outcome (e.g. log-transformation) will first 
be explored, and if normality still does not hold, then we will consider a binary outcome using a 
median cutoff and use the logit link function so that the form of the best model will resemble a 
mixed effects logistic regression model (like above for the expectancies outcome); other link 
functions (e.g. probit) will be considered if model fit is a concern.   
 
Hypothesis testing 

 
H(1.1 - 1.4) are primary, and under the null hypotheses in H(1.1 - 1.4), the natural and 

organic condition means are equal to the conventional condition means. To test the hypotheses 
in Aim 1, we will first determine if the effects of the condition depend on gender and NAS-
smoking status (as hypothesized in H(2.1) - H(3.4)). If the effect of the condition does not 
depend on gender or NAS-smoking status, then we will estimate the following effects in our 
model: 

1. effect of the conventional condition 
2. effect of the natural condition 
3. effect of the organic condition 

 
The null hypotheses in H(1.1 - 1.4) state that the conventional condition is equivalent to 

the natural and organic conditions. We can therefore test H(1.1 - 1.4) by estimating 95% 
credible intervals for the difference between the effects of the organic and natural conditions 
and the conventional condition. This will yield two credible intervals (one for the difference 
between natural and conventional effects, and another for the difference between organic and 
conventional effects) for each outcome (four outcomes) therefore making 8 total credible 
intervals of interest in Aim 1. If the effects of the condition depend on NAS-smoking status but 
do not depend on gender, then we will estimate the following effects in our model: 

1. effect of the own brand condition for Non-NAS smokers 
2. effect of the conventional condition for Non-NAS smokers 
3. effect of the natural condition for Non-NAS smokers 
4. effect of the organic condition for Non-NAS smokers    
5. effect of the own brand condition for NAS smokers 
6. effect of the conventional condition for NAS smokers 
7. effect of the natural condition for NAS smokers 
8. effect of the organic condition for NAS smokers  

 
The effect of the condition will then be tested separately by NAS-status. That is, we will 

calculate 95% credible intervals for the differences between the conventional condition and the 
natural and organic conditions (organic - conventional and natural - conventional) separately for 
non-NAS smokers and NAS smokers. This will yield four credible intervals (organic - conventional 
for NAS smokers, organic - conventional for non-NAS smokers, natural - conventional for NAS 
smokers, and natural - conventional for non-NAS smokers) for each outcome (four outcomes) 
therefore making 16 total credible intervals of interest in Aim 1.  

 
If the effects of the condition depend on gender but not NAS-smoking status, then we 

will estimate the following effects in our model: 
1. effect of the own brand condition for men 
2. effect of the conventional condition for men 
3. effect of the natural condition for men 



 

 

4. effect of the organic condition for men    
5. effect of the own brand condition for women 
6. effect of the conventional condition for women 
7. effect of the natural condition for women 
8. effect of the organic condition for women 

 
The effect of the condition will then be tested separately by gender. That is, we will 

calculate 95% credible intervals for the differences between the conventional condition and the 
natural and organic conditions (organic - conventional and natural - conventional) separately for 
men and women. This will yield four credible intervals (organic - conventional men, organic - 
conventional women, natural - conventional men, and natural - conventional women) for each 
outcome (four outcomes) therefore making 16 total credible intervals of interest in Aim 1.  

 Lastly, if the effects of the condition depend on both gender and NAS-smoking status 
(as hypothesized), then we will estimate 95% credible intervals for the differences between the 
conventional condition and the natural and organic conditions separately for non-NAS men, 
non-NAS women, NAS men, and NAS women. This will yield eight credible intervals for each 
outcome, so that there are 32 credible intervals of interest (four outcomes each with eight 
credible intervals) in Aim 1. If it is determined that the natural and organic condition effects can 
be combined into a single effect (e.g. if the Bayes factor provides evidence for the model that 
combines the effect over the model that includes separate effects for the natural and organic 
conditions), then only a single comparison will be made (rather than two comparisons) for the 
organic/natural conditions in above.  

The multilevel modeling approach of Gelman et al. (2012) 52 will be used to account for 
multiple comparisons within each aim. The number of comparisons (or contrasts of interest) in 
Aim 1 (which are based on the following contrasts: organic - conventional and natural - 
conventional) are determined according to whether the effect of the condition depends on NAS-
smoking status or gender, and whether the effects for the natural and organic conditions can be 
combined (as outlined above). It is relatively straightforward to account for multiplicity within 
each outcome following the multilevel modeling approach outlined in Gelman et al. (2012). 52 
However, incorporating this approach across the four different outcomes in each aim may not 
be as trivial; the approach of Westfall (1997) 53 may instead be used to account for multiple 
outcomes.  

  
To test H(2.1) and H(2.2), we will estimate effects for the following subgroups:  

1. effect of NAS smokers under the own brand condition 
2. effect of NAS smokers under the conventional condition 
3. effect of NAS smokers under the natural condition 
4. effect of NAS smokers under the organic condition 
5. effect of non-NAS smokers under the own brand condition 
6. effect non-NAS smokers under the conventional condition 
7. effect non-NAS smokers under the natural condition 
8. effect of non-NAS smokers under the organic condition 
 
95% credible intervals will be estimated for the difference in effects between 1) 4. - 2. 

and 8. - 6., 2) 3. - 2. and 7. - 6, 3) 4. - 1. and 8. - 5., and 4) 3. - 1. and 7. - 5. If the credible interval 
in 1) does not contain 0, then there is evidence (against the null hypothesis) that NAS and non-
NAS smokers differ in their mean organic condition outcomes relative to their conventional 
condition outcomes (otherwise there is evidence for the hull hypothesis and therefore no 



 

 

difference in these two groups). If 2) does not contain 0, then there is evidence (against the null 
hypothesis) that NAS and non-NAS smokers differ in their mean natural condition outcomes 
relative to the conventional condition outcomes (otherwise there is evidence for the hull 
hypothesis and therefore no difference in these two groups). If 3) does not contain 0, then there 
is evidence (against the null hypothesis) that NAS smokers and non-NAS smokers differ in their 
mean organic condition outcomes relative to their own brand condition outcomes (otherwise 
there is evidence for the hull hypothesis and therefore no difference in these two groups). If 4) 
does not contain 0, then there is evidence (against the null hypothesis) that NAS smokers and 
non-NAS smokers differ in their mean natural condition outcomes relative to their own brand 
condition outcomes (otherwise there is evidence for the hull hypothesis and therefore no 
difference in these two groups). H(2.1) and H(2.2) hypothesizes that there will be evidence 
against the null hypothesis in 1) and 2) but evidence for the null hypothesis in 3) and 4).  

 To test H(2.3) and H(2.4), we will estimate the 95% credible intervals corresponding to 
the difference in means between 6) 4. and 2. above, 7) 3. and 2, 8) 4. and 1., and 9) 3. and 1. If 
the credible interval in 6) / 7) / 8) / 9) does not contain 0, then there is evidence that NAS 
smokers mean outcome under the organic / natural / organic / natural condition is significantly 
different than NAS smokers mean outcome under the conventional / conventional / own brand 
/ own brand condition (evidence against null), otherwise there is evidence that NAS smokers 
mean outcome is no different in the organic / natural / organic / natural condition compared to 
the convention / conventional / own brand / own brand condition (evidence for null). We 
hypothesize that the organic and natural conditions will differ from the conventional condition 
(i.e. evidence against null in 6) and 7)) but not the own brand condition (i.e. evidence for null in 
7) and 8)).  

  
To test H(3.1)-H(3.4), we will estimate effects for the following subgroups:  

1. effect of men smokers under the own brand condition 
2. effect of men smokers under the conventional condition 
3. effect of men smokers under the natural condition 
4. effect of men smokers under the organic condition 
5. effect of women smokers under the own brand condition 
6. effect of women smokers under the conventional condition 
7. effect of women smokers under the natural condition 
8. effect of women smokers under the organic condition 

 
95% credible intervals will be estimated for the difference in effects between 9) 4. - 2. 

and 8. - 6., 10) 3. - 2. and 7. - 6., 11) 4. - 1. - (2. - 1.) and 8. - 5. - (6. - 5.), and 12) 3. - 1. - (2. - 1.) 
and 7. - 5. - (6. - 5.). If the credible interval in 9) / 10) does not contain 0, then there is evidence 
that men smokers mean outcome under the organic / natural condition relative to the 
convention condition differs from the women smokers mean outcome under the organic / 
natural condition relative to the convention condition, which would provide evidence against 
the null hypothesis in H(3.1) and H(3.2). If the credible interval in 11) / 12) does not contain 0, 
then there is evidence that men smokers mean outcome difference between the organic / 
natural condition relative to the own brand condition and convention condition relative to own 
brand condition differs from the women smokers mean outcome difference between the 
organic / natural condition relative to the own brand condition and convention condition 
relative to own brand condition, which would provide evidence against the null hypothesis in 
H(3.3) and H(3.4) (assuming the direction of the difference is not opposite the hypothesized 
direction).   



 

 

 
Biomarker analyses 

Previous work, including our preliminary biosample analyses, demonstrate that short 
exposures similar to our 15 min ad lib bout increase exposure biomarkers like saliva nicotine 
(>200-fold) and aldehydes (2-10-fold).54,55 Participants’ saliva samples (before and after tobacco 
use sessions) will be characterized for nicotine and aldehyde concentrations and compared 
across descriptor conditions.  

Salivary aldehyde (e.g., acetaldehyde, and formaldehyde) concentrations will be 
analyzed using O-(2,3,4,5,6-Pentafluorobenzyl)-hydroxylamine (PFBHA, Supelco, Bellefonte, PA) 
derivatization method. We focus formaldehyde and acetaldehyde as they may make the 
greatest contribution to cancer risk of all major harmful constituents in mainstream cigarette 
smoke and because we have demonstrated feasibility of this collection technique to 
characterize aldehydes in saliva after a 15 min smoking session in our pilot study.31 In brief, 1 ml 
of saliva samples will be added into a 10 ml glass tube. 500 µl of HPLC grade water, 50 µl of 
deuterated internal standard mixture, and 100 µl of PFBHA solution (250 mg/ml in HPLC grade 
water) will be added into the glass tube, pH will be adjusted to 3.9 using sulfuric acid, and the 
sample will be incubated for an hour under room temperature in the dark, and then 200 µl of 
sulfuric acid will be added to stop the reaction. 1 ml of dichloromethane (DCM) will be added 
into the glass tube and shaken well for 1 minute, then the DCM part will be transferred into a 
new glass tube. This procedure will be repeated three times to ensure all target analytes are 
extracted. 100 mg of sodium sulfate will be added into the DCM extract and shaken well to 
remove remaining water. The DCM fraction will be transferred to toluene (final volume=200 µl) 
under gentle stream of nitrogen. The sample will be injected into gas chromatography (GC)-
mass spectrometer (MS) for aldehyde-PFBHA quantification (PerkinElmer Clarus 680 GC and 
Clarus SQ 8T MS, PerkinElmer, Waltham, MA). Injection volume and injector temperature will be 
1 µl and 250 °C, respectively. The target analytes will be separated using PerkinElmer Elite-5MS 
column (L=30 m, ID=0.25 µm, DF=0.25 µm) with column oven gradients starting at 40 °C, hold 
for 2 minutes, increase to 230 °C at 5 °C/minute gradient, hold for 2 minutes, then increase to 
325 °C at 20 °C/minute gradient, and hold for 5 minutes. Limit of detection (LOD) and limit of 
quantification (LOQ) for formaldehyde-PFBHA are 0.34 ng/ml and 1.13 ng/ml, respectively, and 
acetaldehyde-PFBHA are 0.41 ng/ml and 1.37 ng/ml, respectively. 

To measure nicotine (NIC), cotinine (COT), and trans-3’-hydroxycotinine (3OHC), 200 µl 
of saliva will be transferred into a micro-centrifuge tube. Known amounts of deuterated internal 
standards (NICd3, COTd3, and 3OHCd3, Cayman chemical, Ann Arbor, MI) will be added into the 
tube as an internal standard. The tube will be stored for 10 minutes in 4 °C refrigerator after 
adding 750 µl of glacial acetone, followed by centrifuging at 3000 g for 30 minutes. The 
supernatants will be collected in a new micro-centrifuge tube, 150 µl of methanol will be added 
into the tube and concentrated until 100 µl under gentle stream of nitrogen. The sample will 
then be transferred into an amber autosampler vial and 10 µl of the sample will be injected into 
an Ultra Performance Liquid Chromatography (UPLC)-tandem mass spectrometer (MS/MS) 
(Waters Aquity UPLC and Xeto TQ-S MS/MS, Waters, MA, USA) equipped with a Waters BEH C18 
column (1.7 µm, 2.1×50 mm, Waters, MA, USA). The column will be heated at 35 °C. Methanol 
with 0.1% Formic acid and HPLC-grade water with 0.1% Formic acid will be used as phase A and 
B. Mobile phase gradient (0.3 ml/minute) will be 21% phase A at 0 minute and hold for 0.8 
minutes, increase to 90% phase A in 0.4 minutes and hold for 0.9 minutes, then decrease to 21% 
phase A in 0.2 minutes and hold for 0.7 minutes. Target analytes will be identified using 25 V 
cone voltage and 35 V collision voltage. Parent and daughter m/z are 163 and 132 for NIC (166 
and 132 for NICd3), respectively, 177 and 80 for COT (180 and 80 for COTd3), respectively, and 



 

 

193 and 80 for 3OHC (196 and 80 for 3OHCd3), respectively. LOD for NIC, COT, and 3OHC are 
1.20 ng/ml, 5.70 ng/ml, and 6.22 ng/ml, respectively, and LOQ for the compounds are 4.01 
ng/ml, 19.0 ng/ml, and 20.7 ng/ml, respectively. 
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