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Abstract

Background—Novel tobacco products entering the US market include electronic cigarettes 

(ECIGs) and products advertised to “heat, not burn” tobacco. There is a growing literature 

regarding the acute effects of ECIGs. Less is known about “heat, not burn” products. This study’s 

purpose was to expand existing clinical laboratory methods to examine, in cigarette smokers, the 

acute effects of a “heat, not burn” “loose-leaf tobacco vaporizer” (LLTV).

Methods—Plasma nicotine and breath carbon monoxide (CO) concentration and tobacco 

abstinence symptom severity were measured before and after two 10-puff (30-sec interpuff 

interval) product use bouts separated by 60 minutes. LLTV effects were compared to participants’ 

own brand (OB) cigarettes and an ECIG (3.3 V; 1.5 Ohm; 18 mg/ml nicotine).

Results—Relative to OB, LLTV increased plasma nicotine concentration to a lesser degree, did 

not increase CO, and appeared to not reduce abstinence symptoms as effectively. Relative to 

ECIG, LLTV nicotine and CO delivery and abstinence symptom suppression did not differ. 

Participants reported that both the LLTV and ECIG were significantly less satisfying than OB.

Conclusions—Results demonstrate that LLTVs are capable of delivering nicotine and 

suppressing tobacco abstinence symptoms partially; acute effects of these products can be 

evaluated using existing clinical laboratory methods. Results can inform tobacco product 

regulation and may be predictive of the extent that these products have the potential to benefit or 

harm overall public health.
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1. INTRODUCTION

Since the late 1990s, the United States has seen a steady rise in the number of novel tobacco 

products (including electronic cigarettes; ECIGs) introduced to the market. Some of these 

novel products have been advertised to “heat, not burn” tobacco, and little data exist 

regarding the acute physiological and subjective effects of product use. In May, 2016, the 

Food and Drug Administration (FDA) announced that it will extend its authority to regulate 

tobacco products to include ECIGs and other personal vaporizers (“heat, not burn” products 

fall within these categories; Deeming Tobacco Products To Be Subject to the Federal Food, 

Drug, and Cosmetic Act, as Amended by the Family Smoking Prevention and Tobacco 

Control Act, 2016). The FDA needs data that reveal product effects so that subsequent 

regulatory action is science-based.

The term “heat, not burn” implies an absence of tobacco combustion, and several products 

that meet this description have been marketed under a variety of names and with different 

features. For example, one such product (no longer marketed in the U.S.) was the Accord, a 

handheld, puff-activated chamber system with specially designed cigarettes made from 

pressed tobacco that were heated electronically and were consumed in 8 puffs (Buchhalter 

and Eissenberg, 2000). Compared to conventional tobacco cigarettes, Accord use resulted in 

significantly less nicotine and CO delivery (Breland et al., 2002), and incomplete 

suppression of tobacco abstinence symptoms (Buchhalter et al., 2001; Breland et al., 2002; 

Hughes and Keely, 2004). The Accord also reduced, but did not substitute fully for own 

brand cigarette consumption (Hughes and Keely, 2004). Specifically, even when participants 

who smoked an average of 27 cigarettes per day at baseline were using 15 Accord products/

day, they were also smoking on average, 18 cigarettes per day. Importantly, the failure of this 

product to substitute completely for tobacco cigarettes was predicted based on clinical 

laboratory results (e.g., Breland et al., 2002). Interestingly, a new version of this product is 

being marketed in Japan and the European Union (Protano et al., 2016; Tabuchi et al., 2016), 

though no published reports of its acute or longer-term effects are available to our 

knowledge.

Another “heat, not burn” product was the Eclipse (also no longer marketed in the U.S.), a 

paper-encased tobacco plug heated by a carbon element (Breland et al., 2002). Many 

smokers believed that this product was a safer alternative to conventional tobacco cigarettes 

(Hughes et al., 2005; Shiffman et al., 2004), and could aid in quitting attempts (Caraballo et 

al., 2006; Hughes et al., 2005; Shiffman et al., 2004). Clinical laboratory studies revealed 

that the product could suppress abstinence symptoms fully (Breland et al., 2002), reduce 

exposure to the carcinogen NNK (Breland et al., 2006), deliver nicotine (although 

significantly less than participants’ own brand of cigarettes; Breland et al., 2002, 2006), and 

increase expired air CO concentration (Breland et al., 2002, 2006; Fagerström et al., 2000, 
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2002). Product use also decreased the number of conventional cigarettes smoked per day, 

though the increased expired air CO concentration associated with its use caused concern 

(Fagerström et al., 2000, 2002). More recently, tobacco industry scientists report a “carbon-

heated tobacco product” that, over 5 days of use, reduces user exposure to some toxicants, 

compared to conventional cigarettes (Ludicke et al., 2016).

Another class of “heat, not burn” product is the loose-leaf tobacco vaporizer (LLTV) that 

involves placing loose-leaf tobacco (also used in “roll your own” cigarettes) into a chamber 

that is heated by an electrically-powered element. One example is the Pax (Ploom), 

advertised to “…not heat to combustion and there is no smoke nor secondhand smoke” 

(https://www.paxvapor.com/pax/#pax-accessories). While the Pax is marketed as a LLTV, it 

is sometimes used for cannabis consumption (www.reddit.com/r/vaporents; 

forum.grasscity.com/forums/vaporizers.723/; Stevenson, 2014). The LLTV thus differs 

substantially from previous “heat, not burn” products in that the user determines the plant 

material to place in it, and no published research exists that describes its effects on user 

plasma nicotine or expired air CO concentration or tobacco abstinence symptom 

suppression.

In contrast to the little data available for these “heat, not burn” products, there is a rapidly 

growing literature related to the effects of electronic cigarettes (ECIGs; Breland et al., 2016; 

Grana et al., 2014, Hajek et al., 2013). Some of this literature includes clinical laboratory 

evaluations of ECIG effects on plasma nicotine, expired air CO, and tobacco abstinence 

symptoms in tobacco cigarette smokers (Lopez et al., 2016), using participants’ own brand 

cigarettes as a positive control (Vansickel et al., 2012). Most recent studies demonstrate that 

ECIGs can deliver physiologically active doses of nicotine to the user, do not deliver CO, 

and can suppress tobacco abstinent symptoms (Lopez et al., 2016; Ramôa et al., 2016; 

Spindle et al., 2015; St. Helen et al., 2016). These outcomes are relevant to tobacco product 

regulation, as they address dependence potential, toxicant exposure, and the ability of a 

product to supplement or substitute for conventional cigarette use. Moreover, the results of 

clinical laboratory evaluations of tobacco products demonstrably are reliable across studies 

for some products (e.g., Breland et al., 2016) but few studies of ECIG effects have replicated 

methods (particularly with respect to product/nicotine liquid used) so reliability of these 

methods with ECIGs is, as yet, uncertain. The primary purpose of this study was to compare, 

in cigarette smokers, the effects of short-term LLTV use on plasma nicotine and expired air 

CO concentration and abstinence symptom suppression with the effects of participants’ own 

brand cigarettes.

2. METHOD

2.1 Participants

This study was approved by Virginia Commonwealth University’s (VCU’s) institutional 

review board. Cigarette smokers (≥ 10 cigarettes/day) were recruited by advertisements and 

word of mouth and were eligible to participate if they reported being healthy, aged 18–55, 

and had used an ECIG ≤ 20 times and a LLTV < 5 times in their lifetime. Individuals were 

excluded from participation if they reported history of chronic disease or psychiatric 

condition, regular prescription medication use (aside from birth control), marijuana use > 10 
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days and alcohol use > 25 days in the past 30, use of a vaporizer for marijuana > 5 times in 

their lifetime, and any illicit drug use (e.g., cocaine, opioids, benzodiazepines, and 

methamphetamine) in the past 30 days. Women were excluded if they tested positive for 

pregnancy (by urinalysis) at screening.

2.2 Procedures

Participants completed each of the three, Latin-square ordered, ~2.5-hour sessions at 

Virginia Commonwealth University’s (VCU) Clinical Behavioral Pharmacology Laboratory. 

Sessions were separated by a minimum of 48 hours and differed by the product used: own 

brand (OB), LLTV, or ECIG. Participants were instructed to abstain from nicotine/tobacco 

for ≥ 12 hours prior to each session. Abstinence from combustible tobacco was verified via 

participants’ expired air CO concentration prior to the start of the session (≤ 10 ppm). In 

each session, participants completed two, 10-puff product use bouts (with 30 second inter-

puff-intervals), separated by 60 minutes (as in Lopez et al., 2016). An intravenous catheter 

was used to sample blood (~7 ml) 10 times in each session (10 min prior to and 5, 15, 30, 

45, and 55 min after bout 1, and 5, 15, 30, and 45 min after bout 2). Subjective 

questionnaires were administered immediately following each of the 10 blood samples and 

CO was measured at the start of the session and again 5 and 55 min after bout 1 and 5 and 

45 min after bout 2. Physiological monitoring occurred throughout each session.

2.3 Materials

Participants used either their OB cigarettes, the LLTV, “Pax” (Ploom, CA), or an “eGo”, 3.3 

V, 1000 mAh ECIG battery attached to a 1.5 Ohm, dual coil, 510-style cartomizer (produced 

by SmokTech; Shenzhen, China). OB cigarettes were purchased by study staff and provided 

to the participant in the appropriate condition. In the LLTV condition, the Pax vaporizer was 

prefilled with 1 gram of loose leaf tobacco (Zig Zag brand, National Tobacco Company, 

Louisville, Kentucky; no information on the nicotine content of this product was available). 

In the ECIG condition, the cartomizer was pre-loaded with approximately 1 ml of 18 mg/ml 

nicotine liquid that was approximately 70% propylene glycol and 30% vegetable glycerin 

(AVAIL Vapor, Richmond, VA). Loose leaf tobacco and ECIG liquid flavor (tobacco or 

menthol) was selected and matched to the participants’ preferred OB flavor. Ultimately, six 

participants used menthol and nine used tobacco flavored loose leaf tobacco/ECIG liquid 

based on the flavor of the OB cigarettes.

2.4 Outcome Measures

2.4.1 Physiological Measures—All blood samples were centrifuged, stored at −70°C, 

and sent to VCU’s Bioanalytical Analysis Core Laboratories for analysis of nicotine 

concentration with a limit of quantitation (LOQ) of 2 ng/ml (see Breland et al., 2006). Heart 

rate was monitored every 20 seconds using Criticare Systems model 507 (fitted with pulse 

oximeter). Participants’ expired air CO was measured via a BreathCO monitor (Vitalograph, 

Lenexa, KS).

2.4.2 Subjective Questionnaires—Four subjective measures were administered via 

computer at ten separate time points. Three of these measures were in the form of visual 

analog scale (VAS) items, consisting of a word or phrase centered on a horizontal line with 
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“not at all” on the left and “extremely” on the right. Responses were recorded by participants 

moving a mouse cursor and clicking at any point on the horizontal line with scores being 

expressed as a percentage of the total line length (0–100). These VAS measures were the 10-

item Direct Effects of Nicotine Questionnaire (Evans et al., 2006), the modified Hughes-

Hatsukami withdrawal scale (11 items, omitting two items from the original: “Increased 

eating,” and “Insomnia/Disturbed sleep”), and The Direct Effects of Product scale. The 

Direct Effects of Product scale was adapted from the Direct Effects of Tobacco scale, 

modified such that when the word “cigarette” appeared in the original scale the word 

“product” appeared in this study (e.g., Foulds et al., 1992; Pickworth et al., 1994; see 

Breland et al., 2006). The fourth measure was the 10-item Tiffany-Drobes Questionnaire of 

Smoking Urges Brief; scores on individual items were used to create two factors, one 

measuring intention to smoke (0 – 30), and the other measuring anticipation of relief from 

withdrawal symptoms (0–24; QSU Brief; Cox et al., 2001).

2.5 Data Preparation and Analysis

As reported in previous work, plasma nicotine values below the LOQ were replaced with 2 

ng/ml as this is a more conservative approach than assuming that values below the LOQ are 

zero (Lopez et al., 2016; Spindle et al., 2015; Vansickel et al., 2010). Heart rate values were 

averaged for three periods: five minutes before product use, and during product use for bouts 

1 and 2. These three periods were chosen to reduce the possible interference of other 

activities (blood draws) on heart rate that might occur during other time periods.

Condition (three levels) by time repeated measures analysis of variance (ANOVA) was used 

to examine plasma nicotine (10 levels of time), heart rate (3 levels of time), and expired CO 

data (10 levels of time), and for all subjective measures that also had 10 levels of time except 

for the Direct Effects of Product scale, where the baseline time point was omitted from the 

analysis because participants had not sampled the product at baseline (thus, 9 levels for 

time). For plasma nicotine, one participant had one missing data point (at the 8th time point, 

in the Pax condition); this missing data point was imputed by taking the mean of the 

surrounding data points for that participant. For all ANOVAs, Huynh-Feldt corrections were 

used to adjust for potential violations of the sphericity assumption. To measure effect size 

for the F tests, eta-squared was calculated.

To compare means within products, a set of a priori comparisons were conducted using 

dependent samples t tests at baseline and immediately after both product use bouts only 

(during product use for heart rate data). These comparisons used the same baseline value 

twice and were therefore non-orthogonal within-product, so a Bonferroni correction was 

used (i.e., initial α < 0.05/2 comparisons = α < 0.025 for each comparison; Keppel, 1991). 

No comparisons across time were conducted for the Direct Effects of Product scale, as there 

was no true baseline time point. To compare across products, a set of a priori comparisons 

were conducted using dependent samples t tests at time points immediately after product 

use: OB compared to LLTV and ECIG, and LLTV compared to ECIG. These three 

comparisons were non-orthogonal, therefore, a Bonferroni correction was used (i.e., initial α 
< 0.05/3 comparisons = α < 0.017 for each comparison; Keppel, 1991). To measure effect 

size for these comparisons, Cohen’s d was calculated.
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3. RESULTS

3.1 Participant Characteristics

Forty participants provided informed consent for this study, but 25 did not complete it. 

Sixteen did not meet eligibility criteria and 9 were discontinued because: they failed to keep 

scheduled appointments (n = 2), they failed to comply with study restrictions (n = 3), they 

became nauseous after using a study product (n=1), or staff could not achieve venous access 

(n = 3). In total, 15 individuals (3 women; 7 white or Caucasian, 6 Black/African American, 

1 Asian, and 1 of unknown race and ethnicity) completed all three study conditions and were 

included in the final analyses. Mean (SD) age was 33.6 (11.8) years, participants smoked 

16.1 (4.5) cigarettes/day on average, and had been smoking for an average of 10.2 (8.4) 

years. Mean ever ECIG use was 4.1 (5.2) times and mean LLTV use was 0.5 (1.1) times. At 

screening, mean Fagerström Test for Nicotine Dependence (FTND; Heatherton et al., 1991) 

score was 5.1 (2.4) indicating moderate nicotine dependence, and mean expired air CO 

concentration was 21.1 (4.8) ppm.

3.2 Plasma Nicotine

Figure 1 shows the time course of plasma nicotine concentration by each product use 

session, and analysis revealed a significant interaction of condition by time [F(18, 252) = 

4.8, p < 0.01]. Immediately after bout 1, mean (SD) plasma nicotine concentration increased 

significantly from baseline in all conditions: mean plasma nicotine level in the OB condition 

was 24.4 (12.6) ng/ml (d = 2.5), in the LLTV condition was 14.3 (8.1) ng/ml (d = 1.2) and in 

the ECIG condition was 9.5 (8.5) ng/ml (d = 2.0) [ts(14) < −3.2, ps <.025]. Immediately 

after bout 2, mean (SD) plasma nicotine concentration also increased significantly (from 

baseline) in all conditions: for the OB condition plasma nicotine concentration was 23.7 

(14.5) ng/ml (d = 2.1 ), for LLTV it was 16.4 (11.3) ng/ml (d = 1.7) and for ECIG it was 9.5 

(7.5) ng/ml (d =1.4 ) [ts(14) < −3.7, ps <.025] After bout 1, mean plasma nicotine 

concentrations in the OB condition were significantly higher than means in the LLTV (d = 

1.0) and ECIG conditions (d = 1.4) although LLTV and ECIG mean concentrations were not 

significantly different [ts(14) > 2.8, ps < 0.017; d = 0.6]. After bout 2, mean plasma 

concentration for the ECIG condition was significantly lower than OB (d = 1.2), but LLTV 

and ECIG means did not differ significantly [t(14) = 3.3, p < .017; d = 0.5].

3.3 Heart Rate

Table 1 shows the statistical analysis results for heart rate. There was a significant 

interaction of condition by time [F(4, 56) = 19.1, p < .001]. During bout 1, mean (SD) heart 

rate increased significantly from baseline in all conditions: for the OB condition, mean heart 

rate was 80.7 (14.4) bpm (d = 1.7) for LLTV it was 78.3 (11.7) bpm (d = 1.4) and for ECIG 

it was 73.8 (11.7) bpm (d = 0.5) [ts(14) < −3.3, ps <.025]. During bout 2, mean (SD) heart 

rate increased significantly in the OB condition where it was 76.6 (11.5) bpm (d = 0.9) and 

LLTV condition where it was 74.6 (10.9) bpm (d = 1.2) [ts(14) < −4.5, ps <.025]. Across 

conditions, there were significant differences between OB and ECIG (d = 0.4, −0.2), and 

between LLTV and ECIG (d = 0.4, 0.4), during both bouts [ts(14) < −3.0, ps < .017]. There 

were no significant differences between OB and LLTV.
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3.4 Expired Breath CO

Figure 2 shows the time course of expired breath CO by each product use session and 

analysis revealed a significant interaction of condition by time [F(8, 112) = 64.6, p < 0.001]. 

Immediately after bout 1, mean (SD) expired breath CO concentration for OB increased 

significantly to 12.1 (3.4) ppm (d = 2.1), and also increased (from baseline) after bout 2 to 

16.9 (5.8) ppm (d = 2.5) [ts(14) < −8.3; ps <0.025). CO concentration for LLTV decreased 

significantly after both bouts (d = −0.2, −0.5), and CO levels for ECIG significantly 

decreased after bout 2 [ts(14) > 3.4; ps < 0.025; d = −0.7]. Significant differences were 

observed between OB and LLTV (d = 2.4) and between OB and ECIG (d = 2.4) after bout 1 

[ts(14) > 7.7, ps < .017]. Immediately after bout 2, mean (SD) CO concentration for OB was 

16.9 (5.8) ppm, for LLTV was 4.5 (2.1) ppm, and for ECIG was 4.5 (1.7) ppm, with 

significant differences between OB and LLTV (d = 2.9) and between OB and ECIG (d = 2.9) 

[ts(14) > 9.0, ps < .017]. LLTV and ECIG did not differ significantly from each other at 

either time point.

3.5 Abstinence Symptom Suppression

Statistical analysis results of the subjective measures are shown in Table 1. There were 

significant interactions of condition by time for both QSU factors [Fs (18, 252) > 4.1, ps < 

0.001], with each factor showing decreases relative to baseline following product 

administration. For example, Figure 3a displays data from QSU Factor 1- Intention to 

Smoke, on which scores significantly decreased after bout 1, relative to baseline, for both 

OB (d = 2.0 ) and LLTV (d = 0.8). Specifically, in the OB condition, scores decreased from 

25.2 (6.4) to 10.8 (8.6) after bout 1; in the LLTV condition, scores decreased from 23.8 (8.7) 

to 16.1 (9.9; [ts(14) > 3.0, ps <0.025). Scores significantly decreased (from baseline) after 

bout 2 for the OB condition only [t(14) = 6.4; p < 0.025; d = 2.4]. While there were no 

differences between the conditions immediately following bout 1, OB had a significantly 

lower mean score of 7.7 (8.3) compared to 19.7 (10.9) for the ECIG condition immediately 

following bout 2 [ts(14) = − 3.4, p < 0.017; d = −1.2].

While the analysis revealed no significant interaction for any of the Hughes-Hatsukami 

items, main effects of time were observed for six of them [Fs (9, 126) > 2.6, ps < 0.05], with 

general patterns of decreasing mean scores following product administration. For example, 

Figure 3b displays data from the “Urges to Smoke” item. A significant decrease on scores 

for this item was observed only for the OB condition, after bout 2. More specifically, in the 

OB condition, during the second bout, the mean baseline score was 58.5 (38.0), and 

decreased to 31.5 (32.4) after OB use (d = 0.8). There were no significant differences 

between any of the conditions immediately following either bout.

A significant interaction was observed for the items “Dizzy”, “Heart Pound”, and 

“Lightheaded” from the Direct Effects of Nicotine questionnaire [Fs (18, 252) > 2.5, ps < 

0.05]. For example, Figure 3c displays data from the “Lightheaded” item, for which mean 

scores significantly increased relative to baseline for both the OB and LLTV conditions 

immediately following bout 1 (d = 1.4, 0.9). That is, scores in the OB condition significantly 

increased from 1.5 (3.3) to 37.5 (35.2), and scores in the LLTV condition significantly 

increased from 2.60 (8.2) to 22.5 (29.8) [ts (14) < −2.8, ps < 0.025]. A similar pattern 
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immediately following bout 2 for both OB and LLTV relative to baseline was also apparent 

[ts(14) < −2.5, ps < 0.025; d = 0.9, 1.1]. Furthermore, there was a significant difference in 

mean scores between the OB and ECIG conditions at the time point following bout 1, with 

the OB condition score of 37.5 (35.2) being significantly higher than the ECIG condition 

score of 6.1 (14.0; [t(14) = − 3.4, p < 0.017; d = 1.2]). However, there were no differences 

between the OB and LLTV conditions at that same time point. There were no significant 

differences between any of the conditions immediately following bout 2.

There were two items of the Direct Effects of Product Scale that showed significant 

interactions of condition by time: “Did the product make you dizzy?” and “Would you like 

to use another product RIGHT NOW?” [Fs (16, 224) > 2.6, ps < 0.05] with significant main 

effects of time observed for seven additional items [Fs (8, 112) > 3.8, ps < 0.05]. For 

example, Figure 3d displays data from the “Was the product satisfying?” item. Immediately 

following bout 1, the mean score for the OB condition of 93.3 (10.51) was significantly 

higher compared to the scores of 51.2 (30.9) for the LLTV condition (d = 1.8) and 39.9 

(36.7) for the ECIG condition (d = 2.0) [ts (14) > 4.1, ps < 0.017]. There was a similar 

pattern following bout 2. Similarly, figure 3e displays data from the “Did the product taste 

good?” item: immediately following bout 1, the mean score for the OB condition of 92.9 

(11.4) was significantly higher compared to the score of 43.7 (31.8) for the LLTV condition 

[t(14) = 5.2, p < 0.017; d = 2.1 ] and also significantly higher compared to the score of 48.2 

(42.2) for the ECIG condition [t(14) = −4.0, ps < 0.017; d = 1.5]. For the item “Did the 

product calm you down?” (Figure 3f), immediately following bout 1, the mean score for the 

OB condition of 68.4 (28.9) was significantly higher compared to the LLTV score of 41.8 

(31.2; [t(14) = 4.1, p < 0.017; d = 0.9]) and the ECIG score of 20.3 [19.71; t(14) = −5.6, ps < 

0.017; d = 1.9]. There were no significant differences between any of the conditions 

immediately following bout 2.

4. DISCUSSION

This study is the first to reveal LLTV effects on measures of nicotine and CO delivery and 

abstinence symptom suppression. In this short-term, laboratory study, LLTV use 

significantly increased plasma nicotine concentration, did not significantly increase expired 

air CO concentration, and significantly reduced abstinence symptom severity in tobacco 

cigarette smokers. These effects did not differ on most measures from those observed with 

the particular ECIG/liquid combination used here, and were less pronounced than those 

observed for participants’ own brand of combustible tobacco cigarette. Participants reported 

that LLTV and ECIG were significantly less satisfying than their own brand of cigarettes.

These results have several implications. First, the low CO delivery associated with LLTV 

and ECIG use suggests that smokers who switch to these products exclusively could reduce 

their risk of CO-induced cardiovascular dysfunction (Papathanasiou et al., 2014). Second, as 

both the LLTV and ECIG delivered nicotine, both products have the potential for creating 

and/or maintaining nicotine dependence in the user. However, to the extent that matching the 

nicotine delivery of a tobacco cigarette is important in facilitating a complete switch to 

LLTV or ECIG, these results suggest that the products and conditions reported here may be 

inadequate. Third, the reduced abstinence symptom suppression associated with both the 
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LLTV and the ECIG, relative to participants’ own brand, may suggest that complete 

substitution of these products (under these use conditions) for tobacco cigarettes may be less 

likely. Indeed, another “heat, not burn product” (Accord) may have failed commercially in 

part due to its inability to suppress withdrawal and/or deliver nicotine as effectively as a 

combustible tobacco cigarette. One concern with incomplete abstinence suppression/nicotine 

delivery is that users of such products who are also tobacco cigarette smokers may 

supplement their tobacco cigarette use with these products (i.e., become “dual users”; 

Kalkhoran et al., 2015; Weaver et al., 2015; Wills et al., 2015).

A fourth implication of this work is that clinical laboratory methods such as those described 

here and also used to evaluate other novel tobacco products (Buchhalter et al., 2001; Breland 

et al., 2002; Cobb et al., 2015, 2010; Gray et al., 2008; Lopez et al., 2016) are valuable for 

revealing important features of these products, including toxicant delivery and physiological 

and subjective effect profile. Advantages of these methods are that they are time- and cost-

efficient relative to longer-term studies, and can be predictive of the results of those studies 

(e.g., Breland et al., 2002; Fagerström et al., 2000, 2002; Hughes and Keely, 2004). The 

effects reported in these studies are also reliable, as has been demonstrated previously for a 

“heat, not burn” product (Buchhalter and Eissenberg, 2000; Buchhalter et al., 2001; Breland 

et al., 2002) and for tobacco smoking using a waterpipe (Blank et al., 2011; Cobb et al., 

2015, 2011) and as highlighted by comparing the ECIG effects reported here with those that 

were reported elsewhere using an identical device/liquid combination (Lopez et al., 2016). 

That is, in this study and that reported by Lopez et al. (2016), cigarette-smoking participants 

completed two, 10-puff (30 sec interpuff interval) use bouts with an ECIG composed of a 

3.3 V battery attached to a 1.5 Ohm dual-coil heating element loaded with approximately 1 

ml of a 18 mg/ml nicotine liquid made of approximately 70% propylene glycol and 30% 

vegetable glycerin. Mean (SD) plasma nicotine “boost” (plasma nicotine concentration 

immediately after the bout minus the concentration immediately before the bout) in this 

study (N=15) was 7.4 ng/ml (8.6) compared to 9.8 ng/ml (13.0; N=16, Lopez et al., 2016) 

for bout 1 and 5.6 ng/ml (5.8) compared to 7.7 ng/ml (12.4) for bout 2. Independent samples 

t-tests revealed no significant differences between the means for the two studies. The ability 

of acute laboratory evaluations to predict the outcome of longer-term, real-world studies 

accurately suggests validity, and reproducible results with the same product across different 

samples suggests reliability. In a context where novel tobacco products are proliferating 

within a nascent regulatory framework, time- and cost-efficient, valid, and reliable methods 

like those reported here are critical to inform science-based policies designed to protect 

individual and public health.

Future research on LLTV should include measurement of exposure to other toxicants in 

addition to nicotine and CO. While exclusive ECIG use may be associated with reduced 

exposure to CO and many of the carcinogens associated with combustible tobacco (e.g., 

Hecht et al., 2015), no information regarding LLTV carcinogen delivery or emissions has 

been published to date. In addition, the extent to which LLTV users use this product as a 

substitute for combustible tobacco cigarettes or a supplement to them is important to 

understand. Finally, the extent to which LLTV users use marijuana and/or other substances 

in the product, and the effects of that use needs to be determined.
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This study has several limitations. First, puffing behavior (topography) was not measured, as 

existing equipment could not be modified easily to fit the LLTV mouthpiece. Measuring 

participants’ LLTV use topography, and comparing it to topography for cigarettes and other 

products such as ECIGs, could help researchers understand the relationship between user 

behavior and toxicant yield, delivery, and subjective response. This same issue has been 

noted for ECIGs (Spindle et al., in press). There is an urgent need for a topography device 

that is less dependent on the shape of a product’s mouthpiece. Second, participant use 

behavior was constrained to a specific puffing pattern (10 puffs, 30 sec interpuff interval). 

This constraint likely influenced the nicotine delivery and subjective effect profile described 

here. Allowing participants to puff “ad libitum” within a clinical laboratory study (i.e., as in 

Spindle et al., in press; Farsalinos et al., 2015) may be an important adjunct to the methods 

reported here. Third, participants were current smokers with no previous use with LLTVs 

and only became familiar with the LLTV during the two use bouts in this study. This lack of 

previous experience could have influenced the results (i.e., participants’ use behavior, 

nicotine levels, and subjective answers). However, based on the authors’ experience 

recruiting a variety of tobacco product users, it appears that very few experienced LLTV 

users live in the Richmond, VA area (and no epidemiological data is available, to the 

authors’ knowledge); thus, experienced LLTV users would have been a difficult population 

to recruit.

In sum, the results from this and other clinical laboratory studies can inform tobacco control 

policy with respect to toxicant exposure and physiological and subjective effect profile. All 

new tobacco products, including “heat, not burn” products, should be evaluated on these and 

other health-related outcomes prior to marketing them to consumers. Until they are, and 

until product regulation and advertising are based on the results of these evaluations, tobacco 

cigarette smokers who want to reduce their exposure to disease-causing tobacco toxicants 

are likely to be informed and influenced by industry marketing that may be more concerned 

with profit than it is individual and public health.
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Highlights

• This is the first human laboratory study of a loose-leaf tobacco 

vaporizer (LLTV).

• LLTV use significantly increased plasma nicotine concentration, but 

not CO.

• LLTV use reduced tobacco abstinence symptom severity, but less so 

than a cigarette.

• Both the LLTV and an ECIG were significantly less satisfying than 

cigarettes.

• Laboratory methods can be expanded to “heat-not-burn” products.
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Figure 1. 
Mean ±SEM plasma nicotine concentrations for 15 participants who completed three 

conditions; own brand (OB), loose-leaf tobacco vaporizer (LLTV), and an electronic 

cigarette (ECIG). Arrows indicate the onset of each 10-puff use bout (30 second inter-puff 

interval). Filled symbols indicate significant difference from baseline (only conducted on 

time points immediately post-bout. For these non-orthogonal comparisons, all ps <.025). 

Asterisk indicates a significant difference from OB using paired-samples t tests (only 

conducted on time points immediately post-bout (for these non-orthogonal comparisons, all 

ps used < .017).
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Figure 2. 
Mean ±SEM expired carbon monoxide (CO) levels for 15 participants who completed three 

conditions; own brand (OB), loose-leaf tobacco vaporizer (LLTV), and an electronic 

cigarette (ECIG). In all other respects the figure is identical to Figure 1.
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Figure 3. 
Mean ±SEM ratings for six visual analog scale items from 15 participants before and after 

product use over three sessions that differed by product; own brand (OB), loose-leaf tobacco 

vaporizer (LLTV), and an electronic cigarette (ECIG). “Intention to smoke a cigarette” from 

the QSU-Brief Factor 1 score (Figure 3a); “Urges to Smoke” from the Hughes-Hatsukami 

withdrawal scale (Figure 3b); “Lightheaded” from the Direct Effects of Nicotine scale 

(Figure 3c); “Was the product satisfying” (Figure 3d), “Did the product taste good” (Figure 

3e), and “Did the product calm you down” (Figure 3f) from the Direct Effects of Product 

Use scale. No comparisons across time were conducted for figures 3d, 3e, or 3f, as these 

questions did not have a true baseline time point. In all other respects the figure is identical 

to Figure 1.
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