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Conclusion

In conclusion, the increased prevalence of e-cigarettes use among
smokers in England has not been associated

with a detectable change in cigarette consumption per day. The decline in
the use of NRT has also not been

associated with a change in mean cigarette intake. If use of e-cigarettes
and licensed NRT while smoking act

to reduce cigarette consumption, the effect is probably small.
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ABSTRACT

Objectives Many smokers use e-cigarettes and licensed
nicotine replacement therapy (NRT), often in an attempt
to reduce their cigarette consumption. We estimated how
far changes in prevalence of e-cigarette and NRT use
while smoking were accompanied by changes in cigarette
consumption at the population level.

Design Repeated representative cross-sectional
population surveys of adults aged 16+ years in England.
Methods We used Autoregressive Integrated Moving
Average with Exogeneous Input (ARIMAX) modelling of
monthly data between 2006 and 2016 from the Smoking
Toolkit Study. Prevalence of e-cigarette use and NRT use
in current smokers, and specifically for smoking reduction
and temporary abstinence, were input variables. Mean
daily cigarette consumption was the dependent variable.
Analyses involved adjustment for mass media expenditure
and tobacco-control policies.

Results No statistically significant associations were
found between changes in use of e-cigarettes (3 —0.012,
95% Cl —0.026 to 0.002) or NRT (3 0.015, 95% Cl —0.026
to 0.055) while smoking and daily cigarette consumption.
Neither did we find clear evidence for an association
between e-cigarette use (3 —0.010, 95% Cl —0.025 to
0.005 and 3 0.011, 95%-0.027 to 0.004) or NRT use (3
0.006, 95%-0.030 to 0.043 and 3 0.022, 95%—0.020 to
0.063) specifically for smoking reduction and temporary
abstinence, respectively, and changes in daily cigarette
consumption.

Conclusion If use of e-cigarettes and licensed NRT while
smoking acted to reduce cigarette consumption in England
between 2006 and 2016, the effect was likely very small
at a population level.

INTRODUCTION

Randomised controlled trials have shown that
use of non-tobacco nicotine-containing prod-
ucts (eg, nicotine replacement therapy; NRT)
are efficacious for harm-reduction attempts.”
Harm reduction is defined as any attempt to
reduce the harm from smoking without an
intention to quit completely, such as, the use
of NRT for smoking reduction (ie, during

Strengths and limitations of this study
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» This is the first time series study to assess the pop-
ulation-level impact of the use of nicotine replace-
ment therapy and e-cigarettes for harm reduction on
cigarette consumption.

» This study uses a large representative sample of the
population in England and considers both smoking
reduction and temporary abstinence.

» Awide range of confounders are adjusted for includ-
ing population-level interventions.

» In countries with weaker tobacco control, or stricter
regulation of using products for harm reduction, dif-
ferent effects may be observed.

» Data are observational and so strong conclusions
regarding cause and effect cannot be made.

attempts to cut down) or during periods of
temporary abstinence (ie, during periods of
time when one is unable to smoke).! Outside
of the clinical setting where little behavioural
support is provided, the use of NRT during
attempts to cut down smoking appears to
increase smoker’s propensity to quit, but
does not result in significantly large reduc-
tions in cigarette consumption.”* Explana-
tions for this include the lack of behavioural
support and possible poor compliance with
the medical regimen.”®

In recent years, there has been an increase
in the overall use of nicotine-containing
products for harm reduction, with a growth
in e-cigarettes more than offsetting a decline
in the use of NRT.™™ Previous studies
suggest that e-cigarettes which contain nico-
tine reduce cravings more effectively than
NRT,7 1011 have better adherence rates’ > and
deliver clinically significant levels of nicotine
into the blood, at least for some smokers. 01113
Thus, although further studies are needed it
is possible that e-cigarettes may be a more
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effective aid for smoking reduction than licensed nico-

tine products.'* '° However, it also remains possible that

e-cigarettes will not result in clinically significant reduc-
tions in cigarette intake at a population level.

The aim of this study was to assess the association
between changes in prevalence of e-cigarettes and NRT
with changes in mean cigarette consumption per day
using a time-series approach. Time-series analysis allows
us to take into account underlying trends, the effect of
other tobacco-control interventions, autocorrelation
(whereby data collected at points closer in time tend to
be more similar), and to consider possible lag effects of
the independent variable on the dependent variable.'®
Where associations are found, they cannot unequivocally
establish a causal association but can be indicative, as has
been the case with estimating the effect of price of ciga-
rettes on population consumption,'” mass-media expen-
diture on use of specialist stop-smoking services' and
introduction of varenicline to the market on prevalence
of use of smoking cessation medication."” Where associa-
tions are not found, or they go in a direction opposite to
that expected, this can also be informative.

Specifically, this paper assesses the association between
mean cigarette consumption per day and:

1. Current e-cigarette use among smokers for any pur-
pose, current use specifically for smoking reduction
and current use specifically for temporary abstinence.

2. Current NRT use among smokers for any purpose,
current use specifically for smoking reduction and cur-
rent use specifically for temporary abstinence.
Sensitivity analyses will examine the effect of focusing

only on daily e-cigarette and NRT use, given previous

associations between extent of non-tobacco nicotine-con-
taining product use and the effectiveness of harm-reduc-
tion attempts.’

METHODS

Design

We used Autoregressive Integrated Moving Average
with Exogeneous Input (ARIMAX) modelling of
monthly data between 2006 and 2016 primarily from the
Smoking Toolkit Study. The smoking toolkit study (STS)
is a monthly survey of a representative sample of the
population in England aged 16+ years.”” This has been
collecting data on smoking patterns among smokers
and recent ex-smokers since November 2006. Ques-
tions on the use of e-cigarettes among all smokers were
introduced in May 2011 and as aids to a quit attempt
among smokers attempting to stop in July 2009. The
STS involves monthly household surveys using a random
location sampling design, with initial random selection
of grouped output areas (containing 300 households),
stratified by ACORN (sociodemographic) character-
istics (https://acorn.caci.co.uk/) and region. Inter-
viewers then choose which houses within these areas
are most likely to fulfil quotas based on the probability
of individuals being at home in different regions and

conduct face-to-face computer-assisted interviews with
one member per household. Participants from the
STS appear to be representative of the population in
England, having similar sociodemographic composition
as other large national surveys, such as the Health Survey
for England.*

Measures

Explanatory variables

Daily and non-daily smokers were asked the following

questions:

1. Which, if any, of the following are you currently using
to help you cut down the amount you smoke?

2. Do you regularly use any of the following in situations
when you are not allowed to smoke?

3. Can I check, are you using any of the following either
to help you stop smoking, to help you cut down or for
any other reason at all?

All three questions had the following response options:
nicotine gum, nicotine replacement lozenges\tablets,
nicotine replacement inhaler, nicotine replacement
nasal spray, nicotine patch, electronic cigarette, nicotine
mouth spray, other, none.

Current e-cigarette use was derived by an ‘electronic
cigarette’ response to any of the three questions; e-ciga-
rette use for smoking reduction by a response to the first
question; and e-cigarette use for temporary abstinence by
a response to the second question.

Current NRT use was derived by an NRT product
response (‘nicotine gum, nicotine replacement lozenges\
tablets, nicotine replacement inhaler, nicotine replace-
ment nasal spray, nicotine patch or nicotine mouth
spray’) to any of the three questions; NRT use for smoking
reduction by an NRT product response to the first ques-
tion; and NRT use for temporary abstinence by an NRT
product response to the second question.

Datawere notrecorded on NRT use for temporary absti-
nence between November 2006 and January 2007 and was
imputed using prevalence data from February 2007.

Data were only available on the prevalence of use of
electronic cigarettes among smokers from April 2011
although use specifically during a recent quit attempt
were available from July 2009. Thus, prevalence of elec-
tronic cigarette use among smokers between July 2009
and April 2011 was estimated from data on use during a
quit attempt; use of electronic cigarettes among smokers
between November 2006 and June 2009 was assumed to
be 0.1% of smokers based on other surveys which found
their use to be very rare before 2009.%' **

Daily NRT and e-cigarette users were classified as those
who reported that they used the product(s) at least once
per day in response to the question: How many times per
day on average do you use your nicotine replacement
product or products? This question was introduced in
July 2010. Prior to this time, prevalence of daily NRT use
was assumed to be 60% of all users,® while e-cigarette prev-
alence was computed as above using prevalence during a
quit attempt or 0.1%.
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Outcome variables

Smokers taking part in the STS were also asked how
many cigarettes they smoke on average per day. Non-daily
smokers were asked how many cigarettes they smoked per
week which was then converted to a daily figure.

Co-variables

In England, tobacco mass media campaigns have been
run as part of a national tobacco-control programme.
Spending was almost completely suspended in 2010 and
then reintroduced in 2011 at a much lower level. Previous
studies have shown that such cuts were associated with a
decreased use of smoking cessation support.'® ** Thus,
advertising expenditure will be adjusted for using data
obtained from Public Health England. Data on mass
media expenditure was available monthly from May 2008,
and yearly prior to this period, and so a monthly average
was assumed. For a number of months, spending was
effectively zero and was imputed as 0.1 to allow the anal-
ysis to run.

A number of tobacco-control policies were adjusted
for. These included the move in commissioning of stop-
smoking services to local authorities in April 2013,24 intro-
duction of a smoking ban in July 2007,% licensing of NRT
for harm reduction in December 2009,26 the publication
of National Institute for Health and Care Excellence guid-
ance on harm reduction in June 2013%” and change in
the minimum age of sale of cigarettes in October 2007.*
Price of cigarettes is correlated 0.99 with time and will
thereby be taken into account by use of differencing (ie,
using the differences between consecutive observation
rather than observations themselves) to make the series
stationary.

Analysis

The analysis plan was registered on the Open Science
Framework prior to data analysis (https://osf.io/6swk3/).
All data were analysed in R V.3.2.4* using ARIMAX model-
ling."® ** *' Data were weighted prior to the analyse to
match the population in England using a rim (marginal)
weighting technique. This involves an iterative sequence
of weighting adjustments whereby separate nationally
representative target profiles are set (for gender, working
status, children in the household, age, social grade and
region). This process is then repeated until all variables
match the specified targets.*’

Two waves of data were collected in March 2007 and
March 2013. These waves were averaged. No data were
collected in December 2008. Mean cigarette consump-
tion, NRT use and e-cigarette use during this period
were calculated as an average of the month before and
the month after. For a few months (May 2012, July 2012,
September 2012, November 2012, January 2013,
March 2013), data on electronic cigarettes and NRT use
among smokers were not recorded. For these months, the
average of the previous and next month was imputed.

The Granger causality test suggested that there was
some evidence for the violation of the assumption of

weak exogeneity (ie, Y can depend on the lagged values
of X but the reverse must not be true) between the input
and the output series. However, caution has been advised
when using this and similar tests on data across a long
time series,?’2 3 and there was no theoretical reason we
could identify for a bidirectional relationship between
e-cigarette use and cigarette consumption. It was assumed
that the association was spurious and likely removed
following adjustment for other covariates.

Both unadjusted and fully adjusted models are reported
which regressed onto mean cigarette consumption per
day: (1) use of e-cigarettes among current smokers; (2)
use of e-cigarettes for smoking reduction; (3) use of
e-cigarettes for temporary abstinence; (4) use of NRT for
harm reduction; (5) use of NRT for temporary abstinence
and (6) use of NRT for smoking reduction. Sensitivity
analyses were conducted which constrained the analysis
to only those reporting daily e-cigarette and NRT use. We
followed a standard ARIMAX modelling approach.'® **
The series were first log-transformed to stabilise the vari-
ance, and if required, first differenced and seasonally
differenced. The autocorrelation and partial autocorrela-
tion functions were then examined in order to determine
the seasonal and non-seasonal moving average (MA) and
autoregressive terms (AR). For example, AR(1) means
that the value of a series at one point in time is the sum
of a fraction of the value of the series at the immediately
preceding point in time and an error component; while
MA (1) means that the value of a series at one point in
time is a function of a fraction of the error component
of the series at the immediately preceding point in time
and an error component at the current point in time. To
identify the most appropriate transfer function (ie, lag)
for the continuous explanatory variables, the sample
cross-correlation function was checked for each ARIMAX
model. Coefficients can be interpreted as estimates of the
percentage change in cigarette consumption for every
(a) percentage increase in use of e-cigarettes and NRT,
(b) percentage increase in mass media expenditure and
(c) implementation of tobacco-control policies.

Bayes factors (BFs) were derived for non-significant
findings using an online calculator” to disentangle
whether there is evidence for the null hypothesis of
no effect (BF <1/3rd) or the data are insensitive (BF
between 1/3rd and 3). A half-normal distribution was
assumed with a percentage change in the outcomes of
interest for every percentage increase in the input series
of 0.009% based on the effect detectable with 80% power
(see sample size). Sensitivity analyses were conducted
using a much larger percentage change of 0.1. This was
based on a meta-analysis assessing the efficacy of non-to-
bacco nicotine replacement products for harm reduc-
tion which reported that 21.8% of the experimental
group had reduced consumption by more than 50% at
final follow-up compared with 16.5% receiving placebo.'
We therefore assumed that a 5% change in prevalence
of NRT and e-cigarettes would be associated with a 0.5%
change in overall cigarette consumption.
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Figure 1 Monthly prevalence of cigarette consumption and e-cigarettes for harm reduction among smokers.

Strengthening the Reporting of Observational Studies
in Epidemiology guidelines for the reporping of observa-
tional studies were followed throughout.‘%

Sample size

Simulation-based power analyses suggested that this study
would have 80% power to detect a change in the output
series of 0.009% for every 1% change in the input series,
assuming 113 monthly data collection points, MA (1)
autocorrelation,”” a baseline proportion for the input
series of 0.005,° a baseline mean (SD) for the output
series of 12.3™ and a total change over time for the input
series of 30%.™

RESULTS

Sample characteristics

Data were collected on 199483 adults aged 16+ years
takingpart in the STS who reported their smoking
status between November 2006 and March 2016. Of
these, 43608 (20.8%, 95% CI 20.6 to 21.0) were current
smokers. Fifty-two per cent (95%CI 52% to 53%) of
the smokers were male and 60.4% (95%CI 60% to 60.1%)

were in routine or manual positions or were unemployed.

The average age of smokers in this study was 42.1 years

(95% CI 42.0 to 42.1).

Main analysis

Figure 1 shows that cigarette consumption declined
over the study period from 13.6 to 12.3 (mean 12.4, SD
0.92). This figure also shows that current use of e-ciga-
rettes among smokers for harm reduction increased from
negligible use in the last quarter of 2006 to 17.1% at the
end of the study (mean 7.8%, SD 8.82). Figure 2 shows
that there was also a decline in the use of NRT for harm
reduction from 12.2% to 6% (mean 14.4%, SD 4.36).
Online supplementary figures 1 and 2 show the changes
in e-cigarette and NRT use for smoking reduction and
temporary abstinence, respectively.

Tables 1, 2 and 3 show the results of the ARIMAX models
assessing the association between cigarette consumption
per day with (1) ecigarette use among current smokers and
NRT use for harm reduction; (2) e-cigarette and NRT use
for smoking reduction and (3) e-cigarette and NRT use for
temporary abstinence. The findings were inconclusive as to
whether an association was present between use of e-ciga-
rettes and NRT for any purpose and cigarette consumption.
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Figure 2 Monthly prevalence of cigarette consumption and nicotine replacement therapy use for harm reduction among

Beard E, et al. BMJ Open 2018;8:¢016046. doi:10.1136/bmjopen-2017-016046

"1ybuAdoo Aq paroslold 1sanb Aq 810z aunr Tz uo jwod fwg uadolway/:dny wouy papeojumoq "8T0Z aunf 6T U0 9409T0-/T0Z-uadolwg/9eTT 0T sk paysiignd 1say :uado rINg


https://dx.doi.org/10.1136/bmjopen-2017-016046
http://bmjopen.bmj.com/

BMJ Open: first published as 10.1136/bmjopen-2017-016046 on 19 June 2018. Downloaded from http://bmjopen.bmj.com/ on 21 June 2018 by guest. Protected by copyright.

panuiluo)

anjea d YN
100°0> 100°0> 100°0> +00°0> 100°0> 100°0> [eUOSESS-UON

Open access

|[epow
2000 HOXYNIHY (000 LOXYNIEY 4,000 LOXYINIEY 4, (0°0°0)(H LOXYINIHY  5,(0°0°0)(H LOXVYINIHY 5, (0°0°0)(1' LOXVINIHY Buny 1seg

308y asind)

uononpal
1990 6£9°0 wJey 4o} 1HN
(601°0 01 690°0-) 020°0 (0FH'0 03 290°0-) 12070 Joy Buisusory

(1o8ye as|nd)
¥2e0 Zreo 8[es-j0
(2#0°0 01 82}+'0-) €70°0~ (#¥0°0 04 921°0-) 1700~ -obe uy esealou|

sanjeA d (1D %Ge) @insodxe ay} 01 anp abueyo abejusoiad |e10|

(roedwi

ajelpawiw)

¢/9°0 ¥6.°0 S.¥°0 9rS0 uononpai wiey

(220001 £10°0-) S00°0  (S20°0 0} 610°0-) £00°0 (5500 02 920°0-) G100 (€S0°0 03 820°0-) 2100 Jo}8sn 1HN

sanjeA d (19 %66) ainsodxa ayy ul abueyo ¢, | 1od abueyo abejuasiad

juswaoe|dau aunodiu jo siash Ajiep Ajup jJuawaoe|dal auodIu JO SA9sN ||y

Beard E, et al. BMJ Open 2018;8:¢016046. doi:10.1136/bmjopen-2017-016046


http://bmjopen.bmj.com/

BFs were between one-third and three when assuming
o a 0.009% change in cigarette consumption for every
= percentage change in the input series, suggesting the data
E g ) are insensitive to detect very small reductions in cigarette
f,» e 8 consumption. Most BFs were less than one-third, when
T < § é— g assuming a 0.1% change in cigarette consumption for
e s g8 £ every percentage change in the input series, suggesting
< < ®© 3 § s 8 evidence for the null hypothesis that NRT use and e-ciga-
B - B e 5 E g rette use among smokers has not resulted in large reduc-
o E g tions in cigarette intake.
©c =
= 2g 2 Sensitivity analysis
GE) 2 c = Current daily use of e-cigarettes among smokers for
Sle & < % -% harm reduction increased from negligible use in the last
8|5 =} 2o Z quarter of 2006 to 11.1% at the end of the study (mean
g g - g’ 8 _g 5 4.5%, SD 4.91). There was also an increase in e-cigarette
e : - B S 2 § i, use specifically for temporary abstinence (from 0.1% to
5|0 @ & o 8.4%; mean 3.5% SD 3.81) and smoking reduction (from
2|3 £3 2 0.1% to 8.3%; mean 3.3% SD 3.64).
5|2 >3 & In contrast, there was a decline in the use of NRT for
0 g g g S harm reduction from 7.3% to 2.9% (mean 6.5%, SD
§ 2 £ -E < 2.35) and a decline in NRT use specifically for temporary
> g & Es 5 abstinence (from 7.3% to 1.8%; mean 4.7% SD 2.29) and
K b i 2w § smoking reduction (from 6.8% to 2.6%; mean 5.8%, SD
>(E 0 1 52 2 2.46).
S 'qE> <z( <zt 8 =2 .§ f é Tables 1, 2 and 3 also show the results of the sensitivity
> § 5 é analyses restricted to those smokers using NRT or e-ciga-
s s *2 < rettes daily. The findings were inconclusive as to whether
° °g = or not an association was present between the daily use
i 2 é— 3 of e-cigarettes and NRT for any purpose and cigarette
] o8 ﬁ consumption. BFs suggested the data are insensitive to
g‘ g 2 g g § detect very small reductions in cigarette consumption,
% S s So § but there is evidence for the null hypothesis that NRT use
=S § § E g % g and e-cigarette use among smokers have not resulted in
Q TS £ large reductions in cigarette intake.
g 5§ 3
5 el g
5 55 2 DISCUSSION
[7) Q5 >
- ﬁg <é> To our knowledge, this is the first empirical study to
- = 2 S '% estimate the population association between the use of
S i g ‘*3 3 e-cigarettes and NRT among current smokers on ciga-
g o) 5 ge 2 rette consumption per day, using a time-series approach.
S <Zt <Z( g S 8 _ug) > There was evidence that there was no substantial associa-
g— % = % 2 tion between the rise in use of e-cigarettes and decline in
° wE 2¢ NRT use and changes in cigarette consumption per day.
5 g8 §=5
8 52 St  Strengths and limitations
s g © g g A strength of the study is the use of a large representa-
3 ’g o .§ < 3 tive sample of the population in England, stratification of
§ < © § g g results by daily use, and the consideration of both tempo-
= .. B3 2s ES rary abstinence and smoking reduction. Previous studies
g|< S o 5380 ;ﬁ. _é have shown that reductions in cigarette intake are depen-
'% ﬁ g % = £ dent on the extent of NRT use and differ as a function of
8 < <§( S ,= 80 § £ b g'z“ the specific harm-reduction behaviour, that is, an attempt
T  © 85 S 83 Esg ¢8 to cut down or restraining from smoking during periods
o § E § E 230 @ e _ e L of brief abstinence.?°
Q g8 s ) 8 Y = <8 = § The study had a number of limitations. First, caution
= B ° O SR < Eo<u should be taken when interpreting estimates of the
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covariates, that is, impact of some of the tobacco-control
o policies, as interrupted explanatory variables with short
= time-periods prior to their introduction in ARIMAX-type
E g ) models often give inaccurate estimates of the SEs.” Thus,
e g 3 although the increase in age-of-sale has been previously
N e § g g associated with a decline in smoking prevalence,* the
e e 88 = short lead-in period may have masked any true associa-
< < 85 2 § g % tion.”” Second, the STS required participants to recall
B - B e 52 5 their average daily cigarette intake which is likely to have
TS o been somewhat inaccurate. Third, the findings may not
c 5 . .
s & =2 generalise to other countries. England has a strong tobac-
(0] . . . .
z SE 2 co-control climate and relatively liberal attitude towards
“E’ EE = harm reduction and e-cigarette use. In countries with
(2] = o . . .
8¢ s cE F weaker tobacco control, or stricter regulation of using
‘_g_ T = EZ z products for harm reduction, different effects may be
(s <« © 8 £ Q0 observed. Fourth, although we are unaware of any other
2 3 <Z( <Z( g '5 2 § i, major population-level interventions or other events
= 5o © . . .
° ga 1 during the study period, we cannot rule out residual
25 23 2 founding. Fifth, participant t asked
gl 2% 3 confounding. Fifth, participants were not asked ques-
kS o =25 & tions regarding potentially important features of the
= O - . . . . .
g 5 SeE 2 e-cigarette (eg, nicotine content, flavouring, device type)
@ § £ -E < or frequency and duration of use. It is likely that these
> % o Es factors may play a role in their effectiveness and should be
T (] Al [N =) . . e 1539 1o
o|Q S Sy 8 considered in future studies. Finally, as data were not
2T - P E E ‘% & collected on current e-cigarette use prior to April 2011,
S o 2o £ revalence was estimated from use during a quit attem
OlelZ Z z""” preval timated f during a quit attempt
< = . . 9 .
2 oz 2 or from previous studies.” ** This was necessary to ensure
@ ] . .
S e g that the time series was long enough for an ARIMAX
° . g = analysis and is an appropriate approach when data are
° § g 2 missing completely at random.'®*” As prevalence was low
. 08 = and relatively stable during this period, it is unlikely to
5 - . 2% ¢ Y g P Y
o S 2 59 39 have impacted on the reported results.
o o o c® ¢
2 0 o g g2 B . -
Slgs < @K~ 0 gE 2 Implications of findings
-~ = O L . . . . . . .
g = Z © © - s £ The findings are in line with previous studies which show
o 5y = that reductions in cigarette consumption observed in
() . . .
t EE = clinical trials of NRT for harm reduction do not appear to
) s 9 . . .
o E s 2 generalise beyond the closely controlled trial setting.' * Tt
& @ 5 < was hypothesised that e-cigarettes may be associated with
- & 2 S '% population mean cigarette intake givep that they reduce
© £S5 . . 710 11
5 S Ts 2 cravings more effectively than NRT, have better
g < @ ceo 8 adherence rates’ '? and deliver clinically significant levels
= © . . .
8 <Zt <Z’: g g g g > of nicotine into the blood.'* ' ' 1?
g. % T £ s The finding that e-cigarette use was not associated with
° =€ 2 g reductions in consumption at a population level is consis-
-_§ 8 g ﬁ £ tentwith previous real-world studies at the individual level.
= o = . . .
_g 8s 5 These have found little change in consumption among
s g ® 2 g ever e-cigarette users’ and that only a minority of daily
3 ’g o .§ < 3 users manage to reduce by a substantial amount which
§ =) ER g g is not likely to be detected at a population level."” The
~ © . . .
- |2 .. B s EFS findings of a recent pragmatic controlled trial, whereby
L« oS - ) qE,i ;’i. _é 60% of participants using e-cigarettes had managed to
83
'% - SE 2= reduce by over 50% by 6 months’ follow-up, suggests that
o c o . .
8 < <§( S ,=8q § £ = 8= the lack of effectiveness at a population level may not be
5 ZE o .
" R 8% '9: 8 8 Esg g § the consequence of poor behavioural support.''
— - + . . . . .
P S E S E g3 9 € |FeesS Of course, it remains plausible that e-cigarettes may still
<) O g O S28 2T <5879 : : : f s
= ©> 0>a TOS FELT| c85c be associated with a small effect on mean population ciga
- B T oS < Fo<d rette Consumption,15 and that a reduction in harm from
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smoking at a population level could be seen through
their promotion of quit attempts®” or by reducing smoke
intake from each cigarette.”

Conclusion

In conclusion, the increased prevalence of e-cigarettes
use among smokers in England has not been associated
with a detectable change in cigarette consumption per
day. The decline in the use of NRT has also not been
associated with a change in mean cigarette intake. If
use of e-cigarettes and licensed NRT while smoking act
to reduce cigarette consumption, the effect is probably
small.
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close monitoring of e-cigarette use in young people is
warranted.
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Relationship between trying an electronic cigarette
and subsequent cigarette experimentation in Scottish

adolescents: a cohort study
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ABSTRACT

Background This study examines whether young never
smokers in Scotland, UK, who have tried an e-cigarette
are more likely than those who have not, to try a
cigarette during the following year.

Methods Prospective cohort survey conducted in four
high schools in Scotland, UK during February/March
2015 (n=3807) with follow-up 1year later. All pupils
(age 11-18) were surveyed. Response rates were high
in both years (87% in 2015) and 2680/3807 (70.4%)
of the original cohort completed the follow-up survey.
Analysis was restricted to baseline ‘never smokers’
(n=3001/3807), 2125 of whom were available to follow-
up (70.8%).

Results At baseline, 183 of 2125 (8.6%) never smokers
had tried an e-cigarette and 1942 had not. Of the young
people who had not tried an e-cigarette at baseline, 249
(12.8%) went on to try smoking a cigarette by follow-
up. This compares with 74 (40.4%) of those who had
tried an e-cigarette at baseline. This effect remained
significant in a logistic regression model adjusted for
smoking susceptibility, having friends who smoke, family
members’ smoking status, age, sex, family affluence
score, ethnic group and school (adjusted OR 2.42 (95%
Cl 1.63 to 3.60)). There was a significant interaction
between e-cigarette use and smoking susceptibility

and between e-cigarette use and smoking within the
friendship group.

Conclusions Young never smokers are more likely

to experiment with cigarettes if they have tried an
e-cigarette. Causality cannot be inferred, but continued
close monitoring of e-cigarette use in young people is
warranted.

INTRODUCTION
In the UK and many other countries, e-cigarette use
among young people is largely confined to those
who have already tried tobacco and is mostly exper-
imental in nature.' > That is, most young people who
have never tried tobacco smoking, hereon referred
to as never-smokers, do not engage in regular e-cig-
arette use that is sustained over time. Nevertheless,
there remains concern that trying an e-cigarette
could ease the pathway to experimentation with
tobacco smoking for young never-smokers.

Eight longitudinal studies, all conducted in the
USA with follow-up after 6** and/or 12 months,’°

They found that young people who had ever used
an e-cigarette at baseline were more likely to have
tried a cigarette by follow-up.

Most of the evidence from prospective cohort
studies of young never smokers, e-cigarette use
and smoking initiation has come from the USA. It
is important this evidence can be compared with
studies from different countries because varied
national contexts, such as different tobacco control
regulations, historical and cultural factors around
tobacco use, availability and supply of products,
ethnic composition of the population and invest-
ment in advertising of products, make it difficult
to generalise findings across national boundaries.
For example, in Poland 27.4% of adolescents
report using an e-cigarette in the past month.'!
Poland is a major European tobacco and e-cigarette
producer. Recently smoking rates have increased
among Polish female adolescents although they
are stable in men'>* and by late adolescence most
Polish e-cigarette users are dual users (tobacco
and e-cigarette use). A recent study found 21.8%
of students (16-18years) were dual users and this
was not associated with reduced cigarette consump-
tion compared with tobacco-only users."”” The case
of Poland highlights the potential role of national
factors such as tobacco production and industry
involvement in affecting levels of use in young
people.

In Scotland, the prevalence of cigarette smoking
among young people has steadily fallen over the
last two decades. In 2015, only 2% of 13 year olds
and 7% of 15year olds were regular smokers.'®
However, current smoking among young people
aged 16-24years in Scotland is significantly higher
at 219%."7 This disparity suggests that smoking initi-
ation may now be delayed until early adulthood.
Therefore early risk factors for later smoking initia-
tion require further investigation.

Previous cross-sectional research has shown a
positive association between e-cigarette use and
weakened intentions not to smoke in children
aged 10-11 years in Wales.! Recently the ever
use of e-cigarettes among young non-smokers has
increased in Scotland with 10% of non-smoking
15 year olds having tried them in 2013 and 24%
in 2015.' Levels of regular e-cigarette use among
young people in Wales have also increased with
2.7% of young people aged 11-18years reporting

doi:10.1136/ have explored the relationship between e-cigarette  using them at least once a week in 2015."® These
tobaccocontrol-2017-053691 | yyse and smoking initiation in young never-smokers.  increases were preceded by a marked growth in the
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Table 1 Number of ‘never smoking' respondents by school and year group

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Total
School 1 207 184 193 129 93 52 858
Accessible small town/medium—low 24.1% 21.5% 22.5% 15.0% 10.8% 6.1% 100%
deprivation
School 2Urban/medium—low 147 175 136 134 85 61 738
deprivation 19.9% 23.7% 18.4% 18.2% 11.5% 8.3% 100%
School 3 177 160 106 125 62 42 672
Other urban/high deprivation 26.3% 23.8% 15.8% 18.6% 9.2% 6.3% 100%
School 4 151 197 122 126 94 43 733
Urban/high deprivation 20.6% 26.9% 16.6% 17.2% 12.8% 5.9% 100%
Total 682 716 557 513 333 197 3001
Mean age (SD) 12.5(0.34) 135 14.6 15.6 16.6 17.6 144

(0.34) (0.34) (0.35) (0.36) (0.32) (1.58)

retail availability of e-cigarettes with the proportion of retailers
with displays of e-cigarettes doubling between 2013 and 2014."
When this study was conducted, within store advertising and
promotion of e-cigarettes was not regulated and there was no
age restriction on the legal purchase of e-cigarettes in the UK.
This study is one of the first to examine e-cigarette use and ciga-
rette experimentation in a UK longitudinal sample.

METHODS
The data presented here are drawn from the Determining
the Impact of Smoking Point-of-Sale Legislation Among
Youth (DISPLAY) study.?’ The DISPLAY study is a S-year multi-
modal study designed to measure the impact of UK legislation to
ban point-of-sale displays of tobacco products on the smoking
attitudes and behaviours of young people. One element of the
DISPLAY study is an annual school survey conducted in four
Scottish secondary schools located in communities that differ
in terms of their socioeconomic and urban—rural profiles. The
data presented here are from the 2015 and 2016 surveys which
included all pupils (aged 11-18) in the four schools. All four
schools had pupils across the age range 11-18 years and a break-
down of participant numbers by school and by year group is
given in table 1. The survey was administered by class teachers
under exam conditions and took on average 40 min to complete.
Pupils who were absent on the day of the survey were given
opportunity during the following 2 weeks to complete the survey.
Ethical approval was obtained from the University of St
Andrews, University Teaching and Research Ethics Committee
(UTREC). Parental opt-out consent was obtained prior to pupils
completing the survey. Pupils also provided active consent by
completing the survey.

Derivation of variables

Smoking status

Respondents were asked “Have you ever smoked cigarettes or
hand-rolled cigarettes (roll-ups), even if it is just one or two
puffs?” to which they could respond ‘yes’ or ‘no’. Young people
who responded ‘no’ were deemed to be never-smokers at that
point.

E-cigarette use

Respondents were asked whether or not they had heard of e-cig-
arettes. Pupils who answered that they had not heard of e-ciga-
rettes were routed past further questions on e-cigarettes. Pupils
that had heard of e-cigarettes were then asked “Which ONE of
the following is closest to describing your experience of e-ciga-
rettes/vapourisers/shisha pens?” with response options of ‘I have

never used them’, ‘I have tried them once or twice’, ‘I use them
sometimes (more than once a month)’ or ‘T use them often (more
than once a week)’. Young people who responded that they had
never heard of e-cigarettes were coded as having ‘never used
them’.

For the logistic regression analysis, due to low frequencies in
the categories reflecting regular use, participants were divided
into those who had never tried e-cigarettes versus those who had
tried e-cigarettes.

Susceptibility to smoking

Susceptibility to smoking was assessed through two questions
“If one of your friends offered you a cigarette or hand-rolled
cigarettes (roll-ups), would you smoke it?” and “Do you think
you will smoke a cigarette or hand-rolled cigarettes (roll-ups) at
any time during the next year?”. The response option for these
questions was ‘definitely yes’, ‘probably yes’, ‘probably not” and
‘definitely not’. If respondents answered anything other than
‘definitely not’ to either of these questions then they were coded
as being susceptible to smoking. These measures of smoking
susceptibility have been used in related studies® and are based on
validated measures.”!

Number of friends and family who smoke
Respondents were asked “How many of your friends smoke ciga-
rettes or hand-rolled cigarettes (roll-ups)?” and could respond
‘most of them’, ‘about half of them’, ‘some of them’, ‘none of
them’ or ‘don’t know’. ‘Don’t know’ responses were coded as
missing and then a binary variable was generated distinguishing
those who responded ‘none of them’ versus any other response.
Respondents were asked “which if any of the following people
smoke cigarettes or hand rolled cigarettes (roll-ups)?”. Options
included their mother or female carer, father or male carer,
brother (eldest if more than one) and sister (eldest if more than
one). A binary variable was created splitting participants who
had responded that any of these family members smoked versus
those that reported no smokers in their immediate family.

Demographic variables

Respondents were asked their gender, ethnic group and date
of birth. Individual family material well-being was assessed
through the Family Affluence Scale (FAS).?* The FAS consists of
four questions (own bedroom, number of family cars, number
of computers and number of family holidays abroad per year).
The FAS raw scores were transformed though categorical prin-
cipal component analysis into single-dimensional scores that
were then divided into tertiles of high, medium and low FAS.
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Analysis
Analysis was conducted in Stata V.14 (StataCorp).

Never smokers were divided into those who had tried an
e-cigarette at baseline and those who had not and these groups
were compared in terms of the proportion of participants that
reported having experimented with cigarettes by follow-up.
Tobacco experimentation in this study was defined as any ciga-
rette use, even just one or two puffs.

Multivariate logistic regression was used to control for poten-
tial confounding factors—sex, age, ethnicity, family affluence,
smoking within the family, smoking by friends and susceptibility
to smoking. The model was built in three blocks, first with only
e-cigarette use and smoking-related variables as independent
variables and in the second block demographic variables were
added and an indicator for school was included in the model.
Including school as a covariate makes explicit the effect of
school as school-level smoking norms are an important influ-
ence on smoking behaviour.”® In the third block interactions
between e-cigarette use, smoking susceptibility and smoking
within friendship group were included. The risk ratio (RR) for
the unadjusted model was obtained from a binomial log-linear
regression and for the adjusted models a Poisson regression
model with a robust variance estimator.”*

To test the effect of missing data on the parameter estimates,
we used multiple imputation by chained equations (Stata V.14:
mi impute chained). Further information on the imputation
procedure is given in the online supplementary materials.

RESULTS

Sample characteristics

In 2015, there were 3001 never smokers in our sample, of
these 9.4% had tried an e-cigarette. Twenty-six per cent were
coded as susceptible to smoking, 32.8% had a family member
who smoked and 23.8% reported having at least one friend who
smoked.

Our final sample included 2125 young people for whom we
had data on e-cigarette use and smoking status at baseline and
follow-up. Of these, 183 (8.6%) had tried an e-cigarette at base-
line and 1942 (91.4%) had not. Table 1 shows the year group
distribution of the sample by school.

Relationship between baseline e-cigarette use and smoking
status at follow-up in baseline never smokers

Of the young people who had tried an e-cigarette at baseline
(n=183), 74 (40.4%) went on to initiate smoking cigarettes
by follow-up. This compares with 249 (12.8%) of those who

reported never having used an e-cigarette at baseline (n=1942)
and went on to initiate smoking cigarettes by follow-up. Table 2
shows the bivariate relationship between e-cigarette use in 2015
and smoking status in 2016.

Logistic regression on ‘experimented with cigarettes by
follow-up’

Baseline e-cigarette use is a significant predictor of experi-
mentation with cigarettes. In an unadjusted model, the OR for
ever-smoking at follow-up in ever e-cigarette users versus never
e-cigarette users was 4.62 (95% CI 3.34 to 6.38), giving a RR
of 3.15 (95% CI 2.55 to 3.89). Table 3 below shows the ORs, p
values and 95% Cls for the OR for each of the models. All the
models below were adjusted for sex, age centred on the mean
(ie, individual age minus the mean age of the sample) FAS, ethnic
group and school.

Model 1 RR for e-cigarette use is 1.72 (95% CI 1.31 to 2.26),
model 2 RR for e-cigarette use is 4.09 (95% CI 2.57 to 6.52),
RR for e-cigarette*susceptibility interaction is 0.43 (95% CI
0.25 to 0.72), RR for e-cigarette*friend smokes interaction 0.62
(95% CI 0.39 to 0.99), model 3 RR for e-cigarette use is 4.22
(95% CI 2.83 to 6.36), RR for e-cigarette*susceptibility interac-
tion is 0.41 (95% CI 0.26 to 0.64) and RR for e-cigarette™friend
smokes interaction 0.65 (95% CI 0.44 to 0.97).

Figure 1 shows that the impact of having tried an e-cigarette at
baseline on probability of tobacco experimentation at follow-up
is much greater for young people who were non-susceptible to
smoking at baseline. The contrast of predicted probabilities is
significant (x*=53.93,p<0.001).

Figure 2 shows that the impact of having tried an e-ciga-
rette at baseline on probability of tobacco experimentation at
follow-up is much greater for young people who have no friends
who smoke. The contrast of predicted probabilities is significant
(*=4.91, p=0.042).

Further information on characteristics of missing cases is given
in online supplementary materials. To test the effect of missing
data on our parameter estimates we used multiple imputation
by chained equations. Model 3 shows the estimates from an
imputed model (m=100). The model estimates are stable under
complete case analysis and imputation.

DISCUSSION

This study found that young ‘never-smokers’ who had tried
an e-cigarette were more likely to try a cigarette during the
following year than young never-smokers who had not tried
an e-cigarette. This is consistent with the results of all previous

Table 2 Baseline e-cigarette use in 2015 and follow-up smoking status in 2016

Have you ever smoked cigarettes or roll-ups, even if it is just
one or two puffs? (2016)

No Yes Total
E-cigarette use (2015) | have never used an e-cigarette 1693 249 1942
87.2% 12.8% 100%
| have only used them once or twice 104 65 169
61.5% 38.5% 100%
| use them sometimes (monthly) 3 5 8
37.5% 62.5% 100%
| use them often (weekly) 2 4 6
33.3% 66.7% 100%
Total 1802 323 2125
84.9% 15.2% 100%
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Table 3 Multivariate logistic regressions on ‘ever smoked a cigarette’ in 2016

Model 2—adjusted model including interactions

(n

2520)

Model 3—imputed model with interactions (n=

OR

1806)

1806)

Model 1—adjusted main effects model (n

OR

Variable

a

a

OR

a

<0.001
<0.001
<0.001

3.60 to 12.26
3.74t07.21

6.64

<0.001
<0.001
<0.001

3.12t0 11.40
2.98t05.72

5.97
413
1.93
1.56
0.42
0.49

<0.001
<0.001
<0.001

1.63 to 3.60
2.70t04.94
1.40 to 2.56
0.95 to 1.85

2.42
3.65
1.89
1.33

E-cigarette ever use 2015

5.19

Susceptibility to smoking 2015

1.37t02.44
1.07 to 2.14
0.20t0 0.88
0.25t0 1.09

1.83
1.51
0.42

0.52

1.43 10 2.61
1.09 to 2.25
0.19t0 0.94
0.23t0 1.07

Any family member smokes 2015

0.020
0.021

0.016

0.094

‘At least some’ friends smoke 2015

0.036

Interaction between e-cigarette and susceptibility

0.082

0.072

Interaction between e-cigarette and friends smoking

Predictive margins of having tried an e-cigarette with 95% Cls

6
1

5
1

4
1

3
1

Probability of having tried a cigarette by 2016

No i i Yes
Susceptible to smoking 2015

Io- Never tried an e-cig 2015 ~ ——— Tried e-cig 2015 I

Figure 1 Marginal probabilities of cigarette experimentation by
e-cigarette use and smoking susceptibility. e-cig, e-cigarette.

published longitudinal studies of the relationship between e-cig-
arettes and tobacco experimentation in young people from the
USA,*” providing further confirmation in a non-US context.

It is possible that the relationship between e-cigarettes and
tobacco experimentation may not be causal if young never-
smokers who try an e-cigarette would have gone on to initiate
smoking anyway due to being already favourably disposed
towards tobacco use. In other words, it is possible that e-ciga-
rette use and tobacco experimentation have common liability*
and the former is incidental to tobacco experimentation. To
address this possibility, we controlled for factors associated
with transition to smoking such as smoking susceptibility*® and
smoking among friends and family?” in the analysis. However,
even when these items were included in the model e-cigarette
use remained a significant predictor of cigarette experimenta-
tion. Importantly, there was also an interaction between smoking
susceptibility and e-cigarette use and between e-cigarette use and
having friends who smoked. These data indicate that e-cigarette
use had a greater effect on the odds of cigarette experimentation
in young people not traditionally thought to be high risk, that is,
those with a firm intention not to smoke and/or those with no
smokers in their friendship group.

There is some evidence from other studies that young people
who try e-cigarettes before tobacco have different characteristics
to those who go straight to smoking. Wills and colleagues®® found

Predictive margins of having tried an e-cigarette with 95% Cls

5

4

<

2

t

. No
Any friends smoke 2015?

A

Probability of having tried a cigarette by 2016

>
©
w

|'-'-0-"Never tried an e-cig 2015 ——— Tried an e-cig 2015 |

Figure 2 Marginal probabilities of cigarette experimentation by
e-cigarette use and smokers within friendship. e-cig, e-cigarette.

Best C, et al. Tob Control 2017;0:1-6. doi: 10.1136/tobaccocontrol-2017-053691

yBuAdoo Aq paroalold 1senb Aq §TOZ aune TZ UO /W09 [wg [01u02099.qo)//:dny woiy pspeojumod "LT0Z AINC 22 U0 T69ES0-2T0Z-10AU02099.q0)9ETT 0T Se paysiiand 1s1y ;jouod qoL


http://tobaccocontrol.bmj.com/

Research paper

that those who used an e-cigarette first were less rebellious and
more likely to receive social support from their parents. Miech
and colleagues'® found that young never-smokers who had tried
e-cigarettes were more likely to move away from the percep-
tion that cigarettes were a ‘great risk” over the following year.
Wills and colleagues® also found that young never smokers who
used e-cigarettes were also more likely to increase their positive
smoking expectancies (such as beliefs that smoking would make
them more confident, help them relax and reduce boredom) and
were more likely to become friends with smokers and subse-
quently try smoking. However, with only 1-year follow-up these
studies were not able to determine whether changes in expectan-
cies or affiliations preceded smoking. Further research on this
topic is required over longer follow-up periods.

Schneider and Diehl have outlined a ‘catalyst model’ of e-cig-
arette influence on smoking uptake in adolescence.’® This is
intended as an alternative to 'gateway theory”' ** as an expla-
nation of the relationship between e-cigarette and tobacco use.
They break the process down into two stages: factors influencing
transition from ‘no use’ to ‘e-cigarette use’ and then the factors
influencing the second stage of transition from ‘e-cigarette use’
to ‘tobacco use’. The first-stage mechanisms include easing the
process of initial trial, for example, with sweet flavours. The
second-stage mechanisms include increased accessibility and
learning of smoking rituals. Thus, there are a number of paths
within the catalyst model whereby e-cigarette use, even single
trial, might facilitate smoking uptake. There are also pathways
by which e-cigarettes could mitigate against a transition to
regular smoking. For those young people who are curious to try
the performative aspects of smoking (the hand to mouth action
and inhalation process), the act of trying e-cigarettes may result
in lower motivation to try tobacco smoking.

Levy and colleagues have modelled the public health impacts
of e-cigarettes and estimate that under a range of conditions,
e-cigarettes may have a positive net impact on public health
at a population level because of the greater benefits conferred
on smokers relative to the potential harm to young people.*’
Further studies could usefully examine e-cigarette use, smoking
and smoking-related attitudes over longer time periods to deter-
mine the conditions under which e-cigarettes enhance adult quit
rates without facilitating uptake in young people.

The importance of research findings about the relationship
between e-cigarette use and smoking initiation has been debated
on the basis that most e-cigarette use among young people is
occasional and therefore unlikely to be directly harmful or be
sufficient to influence other behaviours. However, some argue
that the influence of e-cigarette experimentation may be psycho-
social rather than chemical; it has been suggested that e-ciga-
rettes ‘(convey) to young apprehensive would-be smokers that
nicotine is a benign drug and potentially weaken the established
message that smoking kills’.** E-cigarette advertising has empha-
sised the commonalities between the products with the message
that e-cigarettes can give the psychological and social benefits
of smoking without the health or social costs.*® There are some
signs that these messages confuse young people about the harms
of smoking. For example, a recent study found that after viewing
an e-cigarette advert young people were more likely to rate occa-
sional cigarette smoking as less harmful.*

At the time this research was conducted there were no legal
restrictions on sales or advertisement of e-cigarettes. However,
in the UK e-cigarettes are now banned from sale to people under
18%7 3% and advertising on television, print media and radio is
prohibited under the Tobacco Products Directive and associated
UK regulations,” ** although at present point-of-sale marketing

is still permitted. It will be important to ascertain if this legis-
lation is sufficient to prevent or reduce the numbers of young
people trying e-cigarettes.

Strengths and limitations

The strengths of this study are its prospective design, large
sample and high response and follow-up rates. Importantly, the
multiple imputation models indicate that model estimates are not
biased by missing data. However, there are a number of limita-
tions. First, most of the young people whom we categorised
as having initiated smoking may have only taken one or two
puffs of a cigarette during the follow-up period. Therefore, we
do not know whether any of these young people will transition
to regular smoking. Transition from never-smoker to smoker is
often conceptualised as a multistep pathway.*' ™ Recent research
suggests that any experimentation with cigarettes is a strong
predictor of transition to regular smoking, with experimentation
at baseline identifying two-thirds of regular smokers at 2-year
follow-up with a false positive rate of only 8%.*

Second, participants were drawn from only four schools in
Scotland and therefore may not be representative of the Scottish
school population. However, comparison of the demographic
characteristics of our sample with a nationally representative one
does not indicate any significant deviation.”® Third, the study is
based on self-reports and we do not yet know the reliability of
young people’s self-reported use of e-cigarettes.

The age range of the sample (11-18 years) is broader than in
some other research in this area. Therefore, we split our sample
in half by age and repeated the analysis on the split samples.
The results we obtained were the same and are presented in the
online supplementary materials.

Finally, although we have used validated measures of smoking
susceptibility, they were developed more than 20 years ago and
there may be other aspects of common liability to tobacco and
e-cigarette use that are not assessed by existing measures of
susceptibility.

CONCLUSIONS

This UK longitudinal study found that young never-smokers
who try e-cigarettes are at elevated risk of initiating smoking
compared with young never-smokers who do not try e-cig-
arettes. Further research with longer follow-up is required to
discover how many of the full sample of young people, if any,
transition to regular smoking and to explore the longitudinal
relationship between use of e-cigarettes and changes in attitudes
to smoking. Careful and regular monitoring of smoking rates
and e-cigarette use among young people is necessary over the

What this paper adds

» Eight prospective studies in the USA have reported a
temporal relationship between trying an e-cigarette and
subsequent experimentation with cigarettes.

» Consistent with the US studies, this study indicates a positive
relationship between e-cigarette use in never smokers and
their subsequent first experimentation with cigarettes by
follow-up 1year later.

» This UK study found that e-cigarette use had a greater
impact on the odds of cigarette experimentation in young
never smokers not traditionally thought to be high risk,
that is, those with a firm intention not to smoke and/or no
smokers in their friendship group.
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coming years. This needs to be set within the context of the
rapidly changing landscape of tobacco and nicotine product
availability, recent changes in the regulation of advertising and
strategies used by industry, particularly the tobacco industry, to
promote these products.
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Tobacco aside, e-cigarette flavorings may harm blood

sciencedaily.com/releases/2018/06/180614095240.htm

Flavor additives used in electronic cigarettes and related tobacco products
could impair blood vessel function and may be an early indicator of heart
damage, according to new laboratory research in Arteriosclerosis,
Thrombosis and Vascular Biology, an American Heart Association journal.

The health effects of "combustible" tobacco products including traditional cigarettes and
hookah are well-established, but the potential dangers of e-cigarettes have not yet been
extensively studied. E-cigarettes are battery-powered devices that heat a liquid -- including
tobacco-derived nicotine, flavoring and other additives -- and produce an aerosol that is
inhaled.

Nine chemical flavorings -- menthol (mint), acetylpyridine (burnt flavor), vanillin (vanilla),
cinnamaldehyde (cinnamon), eugenol (clove), diacetyl (butter), dimethylpyrazine
(strawberry), isoamyl acetate (banana) and eucalyptol (spicy cooling) -- which are widely
used in e-cigarettes, hookah, little cigars and cigarillos were tested for their short-term
effects on endothelial cells, the cells which line the blood vessels and the inside of the
heart.

Researchers found all nine flavors were dangerous to cells in the laboratory at the highest
levels tested and all the flavorings impaired nitric oxide production in endothelial cells in
culture (outside of the body). Several of the flavorings -- menthol, clove, vanillin, cinnamon

and burnt flavoring -- resulted in higher levels of an inflammatory marker and lower levels of

nitric oxide, a molecule that inhibits inflammation and clotting, and regulates vessels' ability
to widen in response to greater blood flow.

"Increased inflammation and a loss of nitric oxide are some of the first changes to occur
leading up to cardiovascular disease and events like heart attacks and stroke, so they are
considered early predictors of heart disease," said lead study author Jessica L. Fetterman,
Ph.D., assistant professor of medicine at Boston University School of Medicine in
Massachusetts. "Our findings suggest that these flavoring additives may have serious
health consequences."

Endothelial cells were collected from volunteers (nine non-smokers/non-e-cigarette users;
six non-menthol and six menthol cigarette smokers) and tested in the lab. Researchers
found that both groups of smokers had a similar deficit in nitric oxide production when
stimulated by a chemical called A23187. Nonsmokers' cells that were treated with menthol
or a clove flavoring also had impaired nitric oxide production, suggesting those flavorings
cause damage like that found in active smokers.
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The team also exposed commercially-available human aortic endothelial cells to the
flavorings. Burnt flavor, vanilla, cinnamon and clove flavors impaired nitric oxide production
and boosted an inflammatory chemical called interleukin-6 (IL-6) at all concentrations
tested, suggesting the endothelium is particularly sensitive to these flavors.

Menthol applied to the cells increased IL-6 at high concentrations and reduced nitric oxide
even at low doses. In smokers, scientists don't see differences in heart disease between
menthol and non-menthol users -- probably because cigarette smoke is overwhelmingly
toxic, Fetterman said. "But menthol is certainly not a benign player, based upon our work."

At the highest levels tested, all nine chemicals caused cell death, while at lower levels
cinnamon, clove, strawberry, banana and spicy cooling flavor did.
Dimethylpyrazine/strawberry flavor had that effect even at very low levels, suggesting
endothelial cells are especially sensitive to it. Vanillin and eugenol also increased oxidative
stress in the cells.

Three flavorings were tested when heated, to mimic what happens in e-cigarettes. Nitric
oxide production was impaired with vanillin and eugenol, but not with menthol.

"Our work and prior research have provided evidence that flavorings induce toxicity in the
lung and cardiovascular systems. Flavorings are also a driver of youth tobacco use and
sustained tobacco use among smokers," Fetterman said.

A key strength of the new research was that it directly tested effects of just the flavorings, at
levels likely to be reached in the body. Limitations include the fact that testing did not heat
all the flavorings or include other chemicals used in e-cigarettes. Also, the study gauged
just the flavorings' short-term effects and captured these with cells outside the body, not
inside.

"We still don't know what concentrations of the flavorings make it inside the body,"
Fetterman said.

Most adult e-cigarette users are current or former combustible cigarette smokers who may
use e-cigarettes as an aid in smoking cessation or as a harm-reduction tool. In addition, e-
cigarette use by youth is rising rapidly with 37 percent of high schoolers reporting they have
had an e-cigarette in 2015. Flavored tobacco products are a major driver of
experimentation among youth.

The American Heart Association cautions against the use of e-cigarettes, stating that e-
cigarettes containing nicotine are tobacco products that should be subject to all laws that
apply to these products. The Association also calls for strong new regulations to prevent
access, sales and marketing of e-cigarettes to youth, and for more research into the
product's health impact.

Story Source:

Materials provided by American Heart Association. Note: Content may be edited for style
and length.
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