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pattern, and subjective effects in
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New disposable e-cigarettes are popular, especially among young people. This study aimed to assess
their addictive potential by examining puffing behaviors, subjective effects, and conducting laboratory
investigations in an experimental setting. Single-center, four-arm, crossover study. Laboratory setting
in Munich (LMU-University Hospital), Germany. Eighteen occasionally cigarette-smoking adults aged
19-28. Two disposable e-cigarettes of the same brand (strawberry-kiwi/ tobacco flavored) were tested
with a cigarette and a conventional pod e-cigarette as comparators. Usage was ad libitum for 5 min

(or the duration of smoking one cigarette) while puffing topography was recorded. Distributed over

30 min blood samples for nicotine plasma concentrations were drawn and hemodynamic parameters
and subjective effects assessed. Nicotine delivery of disposable e-cigarettes (C_, strawberry-kiwi:

7.1 ng/ml, tobacco: 6.9 ng/ml) was similar to the cigarette (8.1 ng/ml) and higher than for the pod
e-cigarette (3.1 ng/ml). The nicotine plasma increase in the first minute was the fastest for disposable
e-cigarettes. T__ for the disposable e-cigarettes (strawberry-kiwi: 5 min, tobacco: 6 min) was reached
faster than for the cigarette (8 min). Compared to the pod e-cigarette (6 min), t, . was reached faster
with the disposable e-cigarette tobacco. Total nicotine uptake was the lowest for the pod e-cigarette.
Puffing behavior differed between e-cigarettes and the cigarette and slightly between both disposable
e-cigarettes. Satisfaction and motivation to consume the product again were higher for disposables
with a slight preference for strawberry-kiwi flavor. New disposable e-cigarettes hold great addictive
potential for young people unestablished in smoking. Besides conducting further research, it is crucial
to observe usage trends and strengthen regulations.

Trial registration number: DRKS00030978. Date of registration: 21.02.2023.

The prevalence of electronic cigarette (e-cigarette) use is high among young people and increasing worldwide-2.

There has been a noticeable shift towards new disposable e-cigarettes, as seen in Germany® or in the
USA*. Moreover, disposables were reported as the most used device type among 13- to 40-year-old ever-users
of e-cigarettes in the United States®. A British survey reports an 18-fold increase in the percentage of adult
disposable users from 2021 to 2022 with the most rapid growth in the youngest age group (18 years old)°.
Adolescents in the UK perceive disposable e-cigarettes as a ‘fashionable’ lifestyle ‘accessory”.
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A recent study raised safety concerns, as the investigated disposable was found to contain high levels of
nicotine, flavor chemicals, and synthetic coolants whose inhalation risks are still unknown?®.

E-cigarettes are offered with a great variety of over 7000 estimated different flavors®. The initiation of
e-cigarette use and intention to start cigarette smoking among adolescents is more likely through flavored
e-cigarettes'®!!. Fruit-flavored e-cigarettes are also perceived as less harmful'2.

This perception is dangerous since Electronic Nicotine Delivery System (ENDS) liquids and aerosols can, for
example, contain toxicants or carcinogens besides the highly addictive nicotine!®. The nicotine concentration in
e-liquids is legally limited to 20 mg/ml in the European Union while e-liquids usually contain significantly more
nicotine in the USA!+15,

Metanalysis has shown that e-cigarettes can be a useful tool for current cigarette smokers to quit or at least
reduce their individual health risks'®. Cigarette smoke contains significantly more harmful substances than
e-cigarette aerosol and is accountable for 13.6% of deaths worldwide!”72. However, in this paper, the focus is on
the addictiveness and smoking initiation potential of e-cigarettes. E-cigarette use should not be confused with
being harmless.

Tobacco is a highly addictive substance with a dependence potential ranking directly after heroin and
cocaine'®. Psychological and physical factors lead to tobacco dependence and its maintenance!'®. One major
aspect is the speed of nicotine increasing in blood that differs between nicotine products®’: Faster delivery leads
to greater rewarding subjective effects and reinforcing behavior?'?2. A rapid increase is associated with higher
addictiveness®>?2. Among other factors, the efficient nicotine delivery profile makes smoking the most addictive,
reinforcing form of nicotine administration?>**?%. The highest measured nicotine plasma concentration (C__ )
in the plasma after smoking one cigarette typically ranges from 10 to 30 ng/ml*.

The nicotine delivery profile of e-cigarettes depends on the specific device design (such as power), liquid
composition (nicotine concentration), operation conditions, and user experience®. It is possible for people
who use e-cigarettes to produce a bolus cigarette-like delivery profile with a sharp plasma nicotine increase>’.
However, this applied to a study with a puffing regime, while a study with 90 min ad libitum use of e-cigarettes
reported varying nicotine curve shapes with an overall slower increase over time. The authors suggest there are
implications for a lower abuse liability compared with cigarettes®>2%.

Studies reporting nicotine plasma concentrations during e-cigarette use show deviating results depending on
the device. First-generation devices (“cig-a-likes”) were mostly found to have inefficient or negligible nicotine
delivery. However, one study reported an average C__of 10.3 ng/ml, which is in the range of a cigarette?>?.
Advanced generation e-cigarettes showed significantly higher nicotine levels compared to first-generation
e-cigarettes’®3!. Nevertheless, they did not reach the efficiency of cigarettes’®3!.

Published research addressed aspects such as the prevalence of use®*?, perception and engagement among
youth?, liquid and device characteristics®, patterns of sales®, or the harm reduction potential of disposable
e-cigarettes®, but their pharmacokinetic (PK) or addictive potential has been hardly studied up to this
point33’35. Thus, the presented four-arm crossover study focused on nicotine delivery, puffing behavior, and
subjective effects of disposable e-cigarettes in comparison with a cigarette and a pod e-cigarette. Additionally,
hemodynamic and negative subjective effects were measured. To investigate the effect of flavor, the disposable
e-cigarette was included in two study arms, one using a fruit flavor and the other using a tobacco flavor. Due
to ethical considerations, people who do not smoke were not included in the study. Instead, people who smoke
occasionally were recruited as subjects, as the primary research focus was on the initiation of e-cigarette use,
rather than regular smoking behavior. To our knowledge, this is the first study to examine the new disposable
e-cigarettes in this kind of population.

Fearon et al.3® investigated nicotine PKs of a new disposable e-cigarette (BIDI Stick) in six various flavors in
comparison with a cigarette and a pod e-cigarette in eighteen adults who smoke. Consumption was mixed with
a puffing regime followed by ad libitum use. The results showed that the disposable e-cigarette was as effective
in nicotine delivery as the cigarette and more effective than the pod e-cigarette. Subjective effects for relief,
satisfaction, and aversion were similar for all products. While they focused on the possible role of disposable
e-cigarettes in smoking cessation as an effective alternative®, we aimed to assess the addictiveness of e-cigarettes
among people nearly unestablished in smoking to gain information concerning the initiation of e-cigarette use
and acute effects.

Another recent study compared liquid characteristics and e-cigarette dependence between pod e-cigarettes
and disposable e-cigarettes®’. The authors conducted an online study among people who (formerly) used
e-cigarettes aged 18 to 65. The results support the hypothesis of an association between nicotine flux and nicotine
dependence among people who use pod e-cigarettes but did not show the same for disposable e-cigarettes. Also,
they did not find an association between device power or nicotine concentration and e-cigarette dependence.
Nicotine flux and nicotine concentration were generally higher for disposables than for pod e-cigarettes. The
nicotine flux of many disposables reported in the study also exceeded the nicotine flux of a cigarette. This raises
concerns as high nicotine flux may increase the abuse liability of a product?. Device power of all disposables was
in the medium range while it broadly varied for pod e-cigarettes but was mainly in the low range®.

As the described studies touch on topics discussed in our study but with different aims and methods, our
study is a valuable contribution to research regarding new disposable e-cigarettes. The main study objective was
to assess the addictive potential and risk of the investigated disposable e-cigarette for young occasional smokers
to start consumption compared to the cigarette and pod e-cigarette. We expected the disposable e-cigarette to
facilitate the initiation of use compared to the other products. Therefore, we assessed nicotine delivery, puffing
behavior, hemodynamic and subjective effects. The detailed hypotheses stated before execution of the study are
listed in the supplement.
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Materials and methods
The study was performed in accordance with the principles of the Declaration of Helsinki and approved by the
Ethical Committee at the Medical Faculty of Ludwig-Maximilians-University Munich (No. 22-1069). Registration
took place at the “Bundesinstitut fiir Arzneimittel und Medizinprodukte” (BfArM) (DRKS00030978). Written
informed consent was obtained prior to participation. Travel and subject insurance were covered by HDI Global
SE (No. 39 130537 03026/ 03440).

Four products were tested by each participant in randomized order determined by a programmed tool:

« Disposable e-cigarette strawberry-kiwi: Elf Bar 600 Strawberry Kiwi (20 mg/ml nicotine) by iMiracle Shen-
zhen Technology Co. Ltd.

« Disposable e-cigarette tobacco: Elf Bar 600 Tobacco (20 mg/ml nicotine) by iMiracle Shenzhen Technology
Co. Ltd.

o Cigarette: Marlboro Red cigarette (0.8 mg nicotine) by Philip Morris.

« Pod e-cigarette: Myblu tobacco roasted blend (18 mg/ml nicotine) by Reemtsma.

Nicotine levels refer to product information. Products were purchased online and in stores in Germany from
January to May 2023. The Elf Bar was chosen because of its popularity*®”. We decided on strawberry-kiwi flavor
on the one hand to represent fruit-flavor which adolescents seem to be especially interested in trying'? and on
the other hand tobacco flavor to represent a flavor similar to the cigarette and the pod e-cigarette for comparison.

18 adults (18 to 29 years old) were recruited via social media. To determine the sample size a power
calculation was performed. It was estimated based on a partial eta square. All participants smoked at least once
a month, up to 3 days per week, and were not tobacco dependent according to ICD-10, Fagerstrom Test for
Cigarette Dependence (FTCD)*-0 or Penn State Electronic Cigarette Dependence Index (PSECDI)*!. People
who exceeded the inclusion criteria at any time in the past were excluded. Nicotine abstinence was required at
least 12 h before an examination.

The study was performed from February to July 2023 at LMU University Hospital, Department of Psychiatry
and Psychotherapy, Munich, Germany. After being screened and receiving information on the study subjects
completed four sessions with one product per visit.

All study visits were performed indoors with the possibility of smoke/vapor removal by opening a window.
Participants were seated during the session. Consumption was ad libitum meaning participants could use a
product freely without any puffing regime. The given time frame for consumption was five min for pod e-cigarettes
and disposable e-cigarettes. The use time for the cigarette ended when one cigarette was finished regardless
of duration. At predefined times, blood samples were taken, hemodynamic parameters were measured, and
questionnaires were completed. The testing period was 30 min. The study design is visualized in the supplement.
There was no training session or presentation of study products beforehand in order to avoid distortion of acute
subjective effects. A picture of the study setup can be found in the supplement.

The Modified E-Cigarette Evaluation Questionnaire (mCEQ)*? examines subjective effects of smoking on a
7-point Likert-type scale while the Comparison Of Effects After Consumption Questionnaire (ENK)*~4> served
to assess the negative subjective effects of smoking/e-cigarette use on a scale from 1 to 10.

Each questionnaire was filled out pre consumption, post consumption, and 30 min after initiating
consumption. Immediately after smoking or e-cigarette use, participants had to rate their motivation to directly
consume the tested product again on a scale from 1 to 7.

Blood samples were collected using an indwelling venous catheter at nine given times: at baseline (0 min)
and 1,2, 4, 6, 8, 10, 12, and 30 min after starting the consumption. The catheter was placed on the non-dominant
hand whenever possible while the participant used the other hand for holding the respective device.

The Smoking Puff Analyzer - Mobile (SPA-M, Sodim, ORT, France) was used to examine the smoking/
e-cigarette use topography?®’. This portable device was interposed between the cigarette or e-cigarette and
the mouth for the whole consumption time. It recorded the flow rate, pressure drop profile, and atmospheric
pressure of smoking. The number of puffs, puft volume, puff duration, average flow per puft, peak flow per puff,
the interval between puffs, and the smoking duration were analyzed using the software SodAfc41 - Version
4.02.0 (Sodim, ORT, France).

Each average value is calculated per participant and puff whereas the respective mean average value is
calculated from all 18.

Hemodynamic parameters have been assessed at baseline (0 min) as well as 7, 15, and 30 min after starting the
consumption. The utilized device is the validated Mobil-O-Graph™ (software version HMS CS 4.2, .E.M. GmbH)
for measurement and calculation of heart rate, central blood pressure, peripheral blood pressure, and parameters
of arterial stiffness (total vascular resistance (TVR), pulse wave velocity (PWV), and the augmentation index
adjusted for heart rate 75 bpm (AIX@75)).

As PK parameters, the C__, total plasma nicotine uptake (area under the curve for the testing period of
30 min=AUC,_,, .. , calculated with the linear trapezoidal rule), and the time of C___(t_ ) were calculated.

SPSS26 was used for statistical analyses. Means, standard deviations, and ranges were calculated for participant
characteristics. For puffing behavior and subjective effects, a repeated measures ANOVA was employed, and the
according p-value for within-subject effects was considered. Pairwise t-tests for comparisons between products
were calculated subsequently.

ForC and AUC, geometric means and coefficients of variation were determined, and two-sided, paired
t-tests with logarithmized values were performed. For t__, median and range were determined followed by
analysis via two-sided, paired t-tests.

The statistical analysis for the cardiovascular parameters was carried out after verification of the normal
distribution via the Kolmogorov-Smirnov test via two-sided, paired t-tests within the parameters against the
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Product Disposable e-cigarette strawberry-kiwi | Disposable e-cigarette tobacco | Cigarette Pod e-cigarette
Cax (ng/mL) 7.1 (168%) 6.9 (155%) 8.1 (159%) 3.1 (141%)

t__ (min) 5(1-10) 6 (2-10) 8 (4-30) 6(1-12)
AUC, ;i (ng/mLxh) | 111.3 (143%) 110.6 (126%) 148.1 (141%) | 58.3 (148%)

Table 1. Summary of relevant PK parameters for nicotine (9 measurements per visit (4/648 measurements
missed), C__and AUC as geometric means with a coefficient of variation (CV in %); t_, as median and

range).
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Fig. 1. Plasma nicotine curves (arithmetic mean and 95% confidence interval (CI)).

baseline, via an ANOVA at the individual time points between the products. In addition, a two-way repeated
measures ANOVA, based on baseline measurements, was used to estimate a correlation between the product
used and time.

More detailed information and additional p-values (including non-significant values) can be found in the
supplement.

Results
Participants’ mean age was 24 (+2.1), 9 being female and 9 being male. The mean number of days on which
participants had smoked within the last 30 days was 4.1 (+£2.6).

Nicotine delivery and plasma nicotine concentrations
Higher mean levels of C__ were reached in the cigarette (p<0.001), disposable e-cigarette strawberry-kiwi
(p<0.001), and disposable e-cigarette tobacco (p<0.001) arms compared with the pod e-cigarette. T was
reached faster with the disposable e-cigarette strawberry-kiwi (p=0.047) and the disposable e-cigarette tobacco
(p=0.012) than with the cigarette. T __ was also reached faster with the disposable e-cigarette tobacco than
with the pod e-cigarette (p=0.027). Regarding the comparison of t__, the difference in mean total smoking
duration between the cigarette and the e-cigarette must also be considered (see below). The AUC_,; . was
higher for the cigarette than for the disposable e-cigarette strawberry-kiwi (p <0.007). It was at the lowest for
the pod e-cigarette: significantly lower than for disposable e-cigarettes and the cigarette (p <0.003 compared to
the disposable e-cigarette strawberry-kiwi; p <0.001 compared to cigarette and disposable e-cigarette tobacco).
There were no significant differences in C _ (p=0.88),t_ _ (p=0.95), and AUC (p=0.93) between both
disposable e-cigarettes. The explained parameters are listed in Table 1.

Mean plasma nicotine concentrations as well as a magnification of the acute phase (plasma concentrations in
the first six min after start of consumption) are displayed in Figs. 1a) and 1b).

1 min after the start of consumption, mean nicotine levels had increased faster for disposables than for
cigarettes (p <0. 03 for comparison of nicotine concentrations) and the pod e-cigarette (p <0.01).

0-30 min

Puffing behavior
The mean average puff volume, as well as the mean average puff duration, were significantly higher for the
disposable e-cigarette strawberry-kiwi (p <0.001 for volume, p <0.001 for duration), the disposable e-cigarette
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Fig. 2. Selected values for puffing behavior (mean and 95% CI).

Product

Disposable e-cigarette strawberry-kiwi | Disposable e-cigarette tobacco | Cigarette Pod e-cigarette

Average puff volume (ml)

82.4 (60.6-104.3)

78.9 (56.5-101.4)

33.5(26.7-40.4)

76.4 (63.8-89.1)

Average puff duration (s)

1.98 (1.6-2.36)

1.84 (1.5-2.17)

1.63 (1.31-1.95)

1.98 (1.6-2.36)

Average flow per puff (ml/s)

42.1 (33.8-50.4)

43 (34.9-51.1)

22.8(18.6-27.1)

41.8 (35.5-48.2)

Average peak flow per puff (ml/s)

63.1(51.3-74.8)

62.3 (50.9-73.7)

37.5(30.3-44.8)

64.8 (55.4-74.2)

Puff frequency (n/min)

3.49 (3.11-3.87)

3.65 (3.06-4.25)

2.76 (2.42-3.1)

3.58 (3.03-4.12)

Average interval between puffs (s)

16.12 (14.03-18.21)

16.28 (13.47-19.09)

21.34 (18.54-24.13)

16.41 (13.73-19.08)

Total duration (s)

292.96
(284.35-301.56)

293.28
(288.57-297)

345.67
(320.57-370.77)

290.55
(285.68-295.42)

Total number of puffs (n)

17.1 (15.1-19.2)

17.9 (14.9-21)

15.7 (13.9-17.4)

17.3 (14.6-20)

Table 2. Summary of relevant parameters for puffing behavior in mean with 95% CI.

tobacco (p<0.001 for volume, p=0.024 for duration) and the pod e-cigarette (p <0.001 for volume, p=0.005 for
duration) than for the cigarette. They are displayed in Fig. 2. Moreover, the mean puff duration was higher for
the disposable e-cigarette strawberry-kiwi than for disposable e-cigarette tobacco (p=0.034). The mean average
puff frequency was also higher for disposable e-cigarette tobacco (p <0.001), the pod e-cigarette (p <0.001), and
the disposable e-cigarette strawberry-kiwi (p <0.001) than for the cigarette. Similarly, the mean average flow per
puff and the mean peak flow per puff were higher for the disposable e-cigarette strawberry-kiwi (p <0.001 for
average flow, p <0.001 for peak flow), disposable e-cigarette tobacco (p <0.001 for average flow, p <0.001 for peak
flow) and the pod e-cigarette (p <0.001 for average flow, p <0.001 for peak flow) than for the cigarette. The mean
average intervals between puffs were significantly higher for the cigarette compared with all other products
(p=0.01 compared with disposable e-cigarette strawberry-kiwi and pod e-cigarette, p<0.001 compared with
disposable e-cigarette tobacco). The mean total smoking duration was higher for the cigarette compared with the
given time frame for using e-cigarettes (p <0.001 for disposable e-cigarette strawberry-kiwi and pod e-cigarette,
p<0.001 for disposable e-cigarette tobacco). From these results, it was construed that the total number of puffs
did not significantly differ between the products.

In summary, values for puffing behavior showed significant differences between e-cigarettes and cigarettes,
but no significant differences between disposable e-cigarettes and pod e-cigarette. The only difference between
both disposable e-cigarettes was in puff duration. The explained parameters are listed in Table 2.

Subjective effects

According to the mCEQ consumption of the disposable e-cigarette strawberry-kiwi was the most satisfying
(p=0.007 compared to disposable e-cigarette tobacco; p<0.001 compared to cigarette; p<0.001 compared
to pod e-cigarette), followed by the disposable e-cigarette tobacco (p=0.024 compared to cigarette; p=0.01
compared to pod e-cigarette). Satisfaction scored lowest for the cigarette and the pod e-cigarette (p=0.627 for
comparison of cigarette and pod e-cigarette). Enjoyment of respiratory tract sensations was higher regarding
the disposable e-cigarette strawberry-kiwi than for the cigarette (p=0.005) and the pod e-cigarette (p <0.001)
with no significant difference between both disposable e-cigarettes (p=0.7). Aversion to the cigarette was higher
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Product

Disposable e-cigarette strawberry-kiwi

Disposable e-cigarette tobacco

Cigarette Pod e-cigarette

Satisfaction

4.5 (4.1-4.9)

3.7 (3-4.3)

2.7(1.9-3.5) | 2.5(1.8-3.2)

Enjoyment of respiratory tract sensations | 3.5 (3-4) 3(2.3-3.6) 2.6 (2-3.3) 2(1.4-2.6)
Psychological reward 3.2(2.7-3.7) 3(2.5-34) 3(2.5-3.4) 3(2.5-3.5)
Craving reduction 5(4.2-5.8) 4.6 (3.7-5.5) 5.2 (4.4-6) 5.2 (4.4-6)
Aversion 3.2(2.5-3.9) 3.1(2.6-3.6) 3.6 (2.8-4.4) | 3(2.4-3.6)

Table 3. Summary of mCEQ subscale results (rated directly after consumption and 30 min after the start of
consumption) by mean with 95% CI.

than to the pod e-cigarette (p=0.026). Psychological reward and craving reduction demonstrated no significant
effects between the products.

The motivation to directly consume the tested product again isillustrated in the supplement. It was significantly
higher for the disposable e-cigarette strawberry-kiwi (2.9) and the disposable e-cigarette tobacco (2.7) than
for the pod e-cigarette (1.5, p=0.005 compared to disposable e-cigarette strawberry-kiwi and p=0.006 when
compared to disposable e-cigarette tobacco) and the cigarette (1.3, p=0.001 compared to disposable e-cigarette
strawberry-kiwi and disposable e-cigarette tobacco). It was generally low ranging from “does not apply at all”
(cigarette) to “does rather not apply” (disposable e-cigarette strawberry-kiwi and e-cigarette tobacco). The
explained parameters are listed in Table 3.

Hemodynamic parameters

The peripheral as well as the central hemodynamics showed comparable results, so that in all experimental
conditions significant increases for both systolic and diastolic blood pressure could be shown compared
to baseline (p<0.05, mostly p<0.01), except for the peripheral systolic value in the disposable e-cigarette
strawberry-kiwi group after 30 min with no significant difference in the mean values of the measurement time
points (p>0.05). For the heart rate, there was a significant difference in the mean values at any time point
compared to the baseline of the time in the follow-up period with an increase in the mean values (p <0.05).
A comparable result was shown for the parameters of arterial vascular stiffness (TVR, PWYV, and AIx@75 -
p<0.05and p<0.01), wherein two time points showed higher mean values of the groups without any significant
difference (TVR - disposable e-cigarette strawberry-kiwi after 30 min p=0.085, PWV - cigarette after 30 min
p=0.053). A comparison of the mean values for the individual time points between the experimental conditions
did not reveal any statistically significant differences (p>0.05). When looking at the results for the repeated
measures ANOVA, there were no significant differences observed for the experimental condition, but there was
a significant difference for all examined parameters for the time course (p <0.001) and the heart rate, taking into
account the experimental condition and the elapsed time (p <0.05).

Negative subjective effects
A summary of negative subjective effects and adverse events can be found in the supplement. The mean
expression of negative subjective effects according to ENK was determined to be low to moderate.

Discussion

The main finding of this study is the nicotine delivery profile of the investigated disposable e-cigarettes which
is similar to the cigarette and more effective than for the pod e-cigarette. The higher scores in satisfaction and
motivation to consume the product again showed the subjective preference for disposables. Puffing behavior was
different for e-cigarettes and the cigarette.

Nicotine delivery is significantly associated with users experience. Plasma nicotine increase is higher
for people who are experienced in e-cigarette use than for people who smoke but are e-cigarette-naive?3.
People experienced in e-cigarette use in a real-world environment using their own device can reach effective
nicotine delivery profiles comparable to cigarette smoking?, but this may increase their e-cigarette dependence
potential?®. An alarming conclusion is that in our study population of people who occasionally smoke with little
to no e-cigarette experience or adjustment time to e-cigarette use®, the new disposable e-cigarettes immediately
showed a highly effective nicotine delivery and uptake comparable to the cigarette. In the present study, the
increase in nicotine plasma concentrations after 1 min was faster for disposable e-cigarettes than for the cigarette
and the pod e-cigarette. Considering the plasma nicotine curves during the acute phase, our findings imply the
highest nicotine-mediated addictive potential for the new disposable e-cigarette among the tested products.

The C, . for disposable e-cigarettes and cigarette did not significantly differ whereas the C___for the pod
e-cigarette was exceeded by far. The AUC_,; . for disposable e-cigarettes was also remarkably higher than for
the pod e-cigarette. In the present study, disposable e-cigarettes seem to be more effective in regards to nicotine
delivery and potentially have a higher abuse liability compared to conventional pod e-cigarettes. Regarding
nicotine delivery, they are much more effective than first-generation disposables.

The AUC,_,, .., for the cigarette was still higher than for the disposable e-cigarette strawberry-kiwi.
Nevertheless, it should be noted that the total duration was significantly higher for smoking one cigarette
compared to the predetermined time frame for e-cigarette use. It cannot be ruled out that a similar amount of
nicotine would have been reached with the disposable e-cigarette strawberry-kiwi within the same time taken
for the smoking of one cigarette.
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Puffing topography is conflicting in terms of cigarettes and e-cigarettes. Literature has reported longer puff
duration®*? and shorter intervals between puffs®” for e-cigarettes which our findings are in alignment with.

Underlining the different puffing behavior of e-cigarettes and cigarettes, our findings concerning average
puff volume, puff frequency, as well as average flow and peak flow per puff were significantly higher for all
e-cigarettes than for the cigarette. While the larger puff volume for e-cigarettes is in alignment with a previous
study™, the puff velocity was reported to be lower in the respective study. This difference is likely explained by
the study population of people experienced in e-cigarette use. As longer puffs lead to an increased nicotine yield
in e-cigarette use but greater velocity only occurs in cigarette smoking, they may have learned to not expend the
energy needed for high-velocity puffs™.

Noteworthy here is that there was no significant difference in puffing topography between disposable
e-cigarettes and the pod e-cigarette. Consequently, it can be assumed that device design and liquid composition
led to the evident difference in nicotine delivery?®. Further arguments for the greater threat to public health of
the new disposable e-cigarettes are provided by Talih et al., who investigated the design of different disposable
e-cigarettes in comparison to a pod e-cigarette (not including the brands used in this study). They found lower
construction quality in disposable e-cigarettes without a microcontroller circuit for temperature and power
control, as well as higher nicotine concentrations as labeled. Moreover, they reported a greater emission of
carcinogenic carbonyls, e.g. formaldehyde and acetaldehyde, as compared to the pod e-cigarette™.

The slightly higher puff duration for the disposable e-cigarette strawberry-kiwi compared with the disposable
e-cigarette tobacco is indicative of adapted puffing behavior caused by flavors which has previously been reported
for people experienced in e-cigarette use®. The authors suggest differences in subjective liking, nicotine-, and
sensory effects being related to lower liquid pH as an explanation®.

The presented findings on subjective effects support the assumption of disposable e-cigarettes being more
appealing for people who occasionally smoke compared to a pod e-cigarette and a cigarette with slight indications
of preference for the strawberry-kiwi flavored disposable. Their attractiveness despite possible health risks®”->
can be dangerous for youth. The slight preference for the flavored e-cigarette seen in this study is supported
by previous findings®®-%3. However, this is problematic since ingredients used in e-cigarettes to create flavors
(including tobacco flavor) can pose a health risk®.

In our study, aversion was significantly higher for the cigarette vs. the pod e-cigarette which can partly be
explained by the much higher nicotine uptake. The low scores for psychological reward and alternatively the
scores for craving reduction without significant differences between the products as well as the general tendency
to low/neutral scores in subjective measurements might have been caused by study population selection.
People who smoke occasionally may not feel nicotine-induced reward in the same way as people with nicotine-
dependency would and their craving for a cigarette was resolved by each product - possibly because there was
no noteworthy craving to start with.

In terms of side effects, hemodynamic effects were mainly expected to be triggered by nicotine, although
the effects of different flavors were still unclear. Overall, the results, even if only acute effects after a single use
were investigated in this work, point in a comparable direction, as preliminary studies have already shown®-%7.
One study for example, comparing a pod-based e-cigarette with a cigarette showed a similar negative effect on
cerebral and peripheral vascular function for both conditions®.

There is not only an increase in heart rate and blood pressure values but also alterations in the area of
arterial stiffness. Consequential damage after long-term consumption based among others on the pathologically
altered surrogate parameters of arterial stiffness can lead to major cardiovascular events®. Mechanistically, in
addition to the activation of the autonomic nervous system via nicotine, the direct effect of vapor, as shown and
postulated in the work of Lee et al.”%, with a corresponding inflammatory reaction and increased reactive oxygen
species, remains to be discussed. Further measurements, also directly in the area of endothelial dysfunction,
which would be expected based on inflammation, would be expedient.

To conclude, our results provide an indication that the tested disposable e-cigarettes carry a high addictive
potential for young people nearly unestablished in smoking. This is reflected in their effective nicotine delivery
profile comparable to cigarettes. It was significantly more effective compared to a pod e-cigarette, although
puffing behavior did not differ significantly between e-cigarettes, likely due to device design®®>°. Higher scores
for satisfaction and motivation to immediately re-consume the product in the disposable e-cigarette arms
underline these objective results with subjective findings showing a slight preference for the strawberry-kiwi
flavored disposable.

Limitations

Further investigations with larger sample sizes are needed to confirm our findings. Other limitations are the
high number of exclusions due to technical reasons and practical deviations during testing (like delays in
measurements, positioning of the blood pressure cuff, or distraction of participants from consumption during
blood sampling) also influencing participant comfort. Incidentally, there was likely a misunderstanding
concerning the completion of the ENK: some participants reported a nicotine flash at baseline without having
consumed nicotine beforehand. The study setting was not reflective of a real-life scenario as many people who
occasionally smoke tend to smoke in social situations or simultaneously with alcohol consumption’!. In this
study, they consumed nicotine alone during the daytime and without the cofactors associated with their usual
smoking behavior. Furthermore, conclusions about people who do not smoke should be drawn with great
caution, as they are not directly comparable to people who occasionally smoke. Since we investigated on acute
effects, we did not monitor participants after the last study visit. Consequently, we cannot provide information
on how their usage behavior changed after the study which would indeed provide a valuable insight. Similarly,
we cannot report on how the usage profile of the first tested disposable may differ from the second one or how
puffing behavior evolved from the first to the last puff during one visit. Noteworthy also as a limitation is the
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difference in mean total duration of use which was imposed by the study design. Further, the duration of five
minutes that we imposed for e-cigarette use does not correspond to the usual usage pattern of e-cigarettes.
This time frame remained constant because we focused on the acute effects of consumption. A study on pod
e-cigarettes, cigarettes and heated tobacco products with ad libitum consumption for 90 min among experienced
users was previously performed by our study group*.

Conclusion

Despite e-cigarettes’ potential usefulness in terms of smoking cessation, the conceivable role of new disposable
e-cigarettes as regards acquiring dependence is alarming. With this in mind, it is necessary to observe disposable
e-cigarette use trends and strengthen regulations including marketing-, flavor- or even product bans. Moreover,
further research is needed to expand the knowledge about disposable e-cigarettes, usage patterns, and health-
related risks.
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