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In this Annex the significant findings in publications is provided for the following products: 

 

Product Name FDA STN number 
IQOS System Holder and Charger PM0000479 

IQOS 3 System Holder and Charger PM0000634 
Marlboro Heatsticks PM0000424 

Marlboro Smooth Menthol Heatsticks PM0000425 
Marlboro Fresh Menthol Heatsticks PM0000426 

 

The publications are grouped by the study sponsor as following: 

1. Scientific Publications performed by PMI 

2. Scientific Publications sponsored by PMI or other Tobacco Product Manufacturers 

3. Independent Scientific Publications 

 

Confidentiality Statement 
Data and information contained in this document are considered to constitute trade secrets and confidential commercial 

information, and the legal protections provided to such trade secrets and confidential information are hereby claimed 
under the applicable provisions of United States law. No part of this document may be publicly disclosed without the 

written consent of Philip Morris Products S.A. 



 
Scientific Publications performed by PMI 



Summary of scientific publications performed by PMI

Reporting Period March 1, 2021 – February 28, 2022

Category Publication Abstract

Chemistry & Physics

Mitova MI, Cluse C, Correira D, et 
al.Comprehensive Air Quality Assessment of 

the Tobacco Heating System 2.2 under 
Simulated Indoor Environments, Atmosphere, 

2021, 12(8):989

Despite the growing popularity of heated tobacco products, there are few comprehensive studies on their 
environmental aerosols. Therefore, the impact of the Tobacco Heating System 2.2 (THS 2.2) on indoor air quality 
was evaluated on the basis of a comprehensive list of 31 airborne constituents along with targeted screening of the 
gas–vapor and particulate phases of the environmental aerosol. The assessments were conducted at three 
ventilation rates. Indoor use of THS 2.2 increased the levels of nicotine, acetaldehyde, glycerin, and (if mentholated 
products were used) menthol relative to background levels, with a corresponding increase in total volatile organic 
compounds (TVOC) values. Moreover, a temporary increase in ultrafine particles was observed when two or more 
tobacco sticks were used simultaneously or with a short time lapse between usages, but the concentrations returned 
to close to background levels almost immediately. This is because THS 2.2 generates an aerosol of liquid droplets, 

and were below the existing guideline limits. A comparison of airborne constituent levels during indoor THS 2.2 
use with emissions from combustion products and common everyday activities revealed a substantially lower impact 
of THS 2.2 on the indoor environment.

Chemistry & Physics

Poget L, Goujon CG, Kleinhans S, et al. 
Robustness of HPHC Reduction in THS 2.2 

Aerosol Relative to 3R4F Reference Cigarette 
Smoke under Extreme Climatic Conditions, 

Contributions to Tobacco & Nicotine 
Research, 2021, 30(3):111-126

In order to assess robustness for the reduction of harmful and potentially harmful constituent (HPHC) levels 
generated by the Tobacco Heating System 2.2 (THS 2.2), a heated tobacco product, we compared the aerosol of 
this product with mainstream smoke from the 3R4F reference cigarette under different conditions of temperature 
and humidity. The desired climatic conditions were achieved by using an air-conditioning system coupled with the 
smoking-machine housing. Two extreme climatic conditions were selected, representing a “Hot and Dry” climate 
(30 °C and 35% relative humidity RH) and a “Hot and Very Humid” climate (30 °C and 75% RH). In addition, 
aerosol and smoke were generated using the standard conditions recognized for smoking-machine analyses of 
tobacco products (22 °C and 60% RH), which were close to the climatic conditions defined for “Subtropical and 
Mediterranean” environments (25 °C and 60% RH). The experimental conditions were chosen to simulate the use 
of THS 2.2 and cigarettes under extreme conditions of temperature and humidity. HeatSticks and cigarettes taken 
from freshly opened packs were subjected to short-term conditioning from two to a few more days under the same 
experimental conditions. We analyzed 54 HPHCs in THS 2.2 aerosol and 3R4F cigarette smoke, generated in 
accordance with the Health Canada Intense (HCI) standard, using modified temperature and humidity conditions 
for sample conditioning and machine-smoking experiments. We used a volume-adjusted approach for comparing 
HPHC reductions across the different climatic conditions investigated. Although a single puffing regimen was used, 
the total puff volume recorded for the 3R4F cigarette smoke varied due to the influence of temperature and 
humidity on combustion rate, which justified the use of a volume-adjusted approach. Volume-adjusted yields were 
derived from HPHC yields expressed in mass-per-tobacco stick normalized per total puff volume.

Preclinical Toxicology

Battey JND, Szostak J, Phillips B,et al. 
Impact of 6-Month Exposure to Aerosols 
From Potential Modified Risk Tobacco 

Products
Relative to Cigarette Smoke on the Rodent 

Gastrointestinal Tract, Frontiers in 
Microbiology, 2021, 12:587745.

Cigarette smoking causes adverse health effects that might occur shortly after smoking initiation and lead to the 
development of inflammation and cardiorespiratory disease. Emerging studies have demonstrated the role of the 
intestinal microbiome in disease pathogenesis. The intestinal microbiome is susceptible to the influence of 
environmental factors such as smoking, and recent studies have indicated microbiome changes in smokers. 
Candidate modified risk tobacco products (CMRTP) are being developed to provide substitute products to lower 
smoking-related health risks in smokers who are unable or unwilling to quit. In this study, the ApoE–/– mouse 
model was used to investigate the impact of cigarette smoke (CS) from the reference cigarette 3R4F and aerosols 
from two CMRTPs based on the heat-not-burn principle [carbon-heated tobacco product 1.2 (CHTP 1.2) and 
tobacco heating system 2.2 (THS 2.2)] on the intestinal microbiome over a 6-month period. The effect of cessation 
or switching to CHTP 1.2 after 3 months of CS exposure was also assessed. Next-generation sequencing was used 
to evaluate the impact of CMRTP aerosols in comparison to CS on microbiome composition and gene expression 
in the digestive tract of mice. Our analyses highlighted significant gene dysregulation in response to 3R4F exposure 
at 4 and 6 months. The findings showed an increase in the abundance of Akkermansiaceae upon CS exposure, 
which was reversed upon cessation. Cessation resulted in a significant decrease in Akkemansiaceae abundance, 
whereas switching to CHTP 1.2 resulted in an increase in Lactobacillaceae abundance. These microbial changes 
could be important for understanding the effect of CS on gut function and its relevance to disease pathogenesis via 
the microbiome.

Standards & Systems Toxicology

Bovard D, Renggli K, Marescotti D, et al. 
Impact of aerosols on liver xenobiotic 

metabolism: A comparison of two methods of 
exposure, Toxicologu In Vitro, 

2022,79:105277

Assessment of aerosols effects on liver CYP function generally involves aqueous fractions (AF). Although easy and 
efficient, this method has not been optimized recently or comparatively assessed against other aerosol exposure 
methods. Here, we comparatively evaluated the effects of the AFs of cigarette smoke (CS) and Tobacco Heating 
System (THS) aerosols on CYP activity in liver spheroids. We then used these data to develop a physiological 
aerosol exposure system combining a multi-organs-on-a-chip, 3D lung tissues, liver spheroids, and a direct aerosol 
exposure system. Liver spheroids incubated with CS AF showed a dose-dependent increase in CYP1A1/1B1, 
CYP1A2, and CYP2B6 activity and a dose-dependent decrease in CYP2C9, CYP2D6, and CYP3A4 activity 
relative to untreated tissues. In our physiological exposure system, repeated CS exposure of the bronchial tissues 
also caused CYP1A1/1B1 and CYP1A2 induction in the bronchial tissues and liver spheroids; but the spheroids 
showed an increase in CYP3A4 activity and no effect on CYP2C9 or CYP2D6 activity relative to air-exposed 
tissues, which resembles the results reported in smokers. THS aerosol did not affect CYP activity in bronchial or 
liver tissues, even at 4 times higher concentrations than CS. In conclusion, our system allows us to physiologically 
test the effects of CS or other aerosols on lung and liver tissues cultured in the same chip circuit, thus delivering 
more in vivo  like data.

Standards & Systems Toxicology

Zanetti F, Iskandar A. Effects of aerosol from 
the Tobacco Heating System (THS) on 

human organotypic cultures of the 

2(1):42-46.

Cigarette smoking is responsible for a multitude of health risks and is one of the major modifiable risk factors for 
many smok ing-related diseases. Tobacco Heating System (THS) is an elec tronic device, which heats tobacco 
instead of burning it. The THS aerosol has a different chemical composition to cigarette smoke, with its levels of 
harmful and potentially harmful con stituents reduced on average by 90-95%. Advances in tissue engineering have 
enabled the development of sophisticated, three-dimensional organotypic culture systems that closely resemble 
human physiology. In several recent studies, buccal, gingival, nasal, bronchial, and small airway human epithelial 
organotypic cultures were exposed to aerosol from the THS and cigarette smoke. Standard toxicological assays 
were combined with network-based systems toxicology analyses to identify otherwise undetectable cellular-level 
effects. The results showed that the THS aerosol has a minimal biological impact on cells in comparison to cigarette 
smoke. 



Standards & Systems Toxicology

Poussin C, Van der Toorn M, Scheuner S, et 
al. Systems toxicology study reveals reduced 

impact of heated tobacco product aerosol 
extract relative to cigarette smoke on 

premature aging and exacerbation effects in 
aged aortic cells in vitro, Archives of 
Toxicology, 2021, 95(10):3341-3359

Aging and smoking are major risk factors for cardiovascular diseases (CVD). Our in vitro  study compared, in the 
context of aging, the effects of the aerosol of Tobacco Heating System 2.2 (THS; an electrically heated tobacco 
product) and 3R4F reference cigarette smoke (CS) on processes that contribute to vascular pathomechanisms 
leading to CVD. Young and old human aortic smooth muscle cells (HAoSMC) were exposed to various 
concentrations of aqueous extracts (AE) from 3R4F CS [0.014-0.22 puffs/mL] or THS aerosol [0.11-1.76 
puffs/mL] for 24 h. Key markers were measured by high-content imaging, transcriptomics profiling and 
multianalyte profiling. In our study, in vitro  aging increased senescence, DNA damage, and inflammation and 
decreased proliferation in the HAoSMCs. At higher concentrations of 3R4F AE, young HAoSMCs behaved 
similarly to aged cells, while old HAoSMCs showed additional DNA damage and apoptosis effects. At 3R4F AE 
concentrations with the maximum effect, the THS AE showed no significant effect in young or old HAoSMCs. It 
required an approximately ten-fold higher concentration of THS AE to induce effects similar to those observed with 
3R4F. These effects were independent of nicotine, which did not show a significant effect on HAoSMCs at any 
tested concentration. Our results show that 3R4F AE accelerates aging in young HAoSMCs and exacerbates the 
aging effect in old HAoSMCs in vitro , consistent with CS-related contributions to the risk of CVD. Relative to 
3R4F AE, the THS AE showed a significantly reduced impact on HAoSMCs, suggesting its lower risk for vascular 
SMC-associated pathomechanisms leading to CVD.



 
Scientific Publications sponsored by PMI or other Tobacco  

Product Manufacturers 
 



Su
m

m
ar

y 
of

 sc
ie

nt
ifi

c 
pu

bl
ic

at
io

ns
 sp

on
so

re
d 

by
 P

M
I o

r o
th

er
 to

ba
cc

o 
pr

od
uc

t m
an

uf
ac

tu
re

rs

R
ep

or
tin

g 
Pe

rio
d

C
at

eg
or

y
Ti

tle
A

ut
ho

rs
Jo

ur
na

l
D

at
e 

of
 fi

rs
t P

ub
lic

at
io

n
A

bs
tra

ct

A
er

os
ol

 C
he

m
ist

ry
 &

 
Ph

ys
ic

s

In
te

rc
on

ve
rs

io
n 

of
 n

ic
ot

in
e 

en
an

tio
m

er
s d

ur
in

g 
he

at
in

g 
an

d 
im

pl
ic

at
io

ns
 fo

r s
m

ok
e 

fro
m

 
co

m
bu

st
ib

le
 c

ig
ar

et
te

s, 
he

at
ed

 to
ba

cc
o 

pr
od

uc
ts

, a
nd

 e
le

ct
ro

ni
c 

ci
ga

re
tte

s

M
ol

do
ve

an
u,

 S
. C

.
Ch

ira
lit

y
20

22
-0

1-
27

Ph
ys

io
lo

gi
ca

l p
ro

pe
rti

es
 o

f (
R

)-
ni

co
tin

e 
ha

ve
 d

iff
er

en
ce

s c
om

pa
re

d 
w

ith
 (S

)-
ni

co
tin

e,
 a

nd
 th

e 
su

bj
ec

t o
f (

S)
- a

nd
 (R

)-
ni

co
tin

e 
ra

tio
 in

 sm
ok

in
g 

or
 v

ap
in

g 
re

la
te

d 
ite

m
s i

s o
f c

on
sid

er
ab

le
 in

te
re

st
. A

 L
iq

ui
d 

C
hr

om
at

og
ra

ph
y-

M
as

s S
pe

ct
ro

m
et

ry
/M

as
s 

Sp
ec

tro
m

et
ry

 (L
C

-M
S/

M
S)

 m
et

ho
d 

fo
r t

he
 a

na
ly

sis
 o

f (
S)

- a
nd

 (R
)-

ni
co

tin
e 

ha
s b

ee
n 

de
ve

lo
pe

d 
an

d 
ap

pl
ie

d 
to

 sa
m

pl
es

 o
f 

ni
co

tin
e 

fro
m

 d
iff

er
en

t s
ou

rc
es

, n
ic

ot
in

e 
py

ro
ly

za
te

s, 
se

ve
ra

l t
yp

es
 o

f t
ob

ac
co

, s
m

ok
e 

fro
m

 c
om

bu
st

ib
le

 c
ig

ar
et

te
s, 

sm
ok

e 
fro

m
 h

ea
te

d 
to

ba
cc

o 
pr

od
uc

ts
, e

-li
qu

id
s, 

an
d 

pa
rti

cu
la

te
 m

at
te

r o
bt

ai
ne

d 
fro

m
 e

-c
ig

ar
et

te
s a

er
os

ol
. T

he
 se

pa
ra

tio
n 

w
as

 

pe
rfo

rm
ed

 u
sin

g 
at

m
os

ph
er

ic
 p

re
ss

ur
e 

ch
em

ic
al

 io
ni

za
tio

n 
(A

PC
I)

 in
 p

os
iti

ve
 m

od
e.

 T
he

 o
nl

y 
tra

ns
iti

on
 m

ea
su

re
d 

fo
r t

he
 

an
al

ys
is 

of
 n

ic
ot

in
e 

w
as

 1
63

.1
an

d 
sm

ok
e 

fro
m

 c
om

bu
st

ib
le

 c
ig

ar
et

te
s w

er
e 

su
bj

ec
t t

o 
a 

cl
ea

nu
p 

pr
oc

ed
ur

e 
us

in
g 

so
lid

 p
ha

se
 e

xt
ra

ct
io

n 
(S

PE
). 

It 
w

as
 

de
m

on
st

ra
te

d 
th

at
 n

ic
ot

in
e 

up
on

 h
ea

tin
g 

ab
ov

e 
45

0°
C

 fo
r s

ev
er

al
 m

in
ut

es
 st

ar
ts

 d
ec

om
po

sin
g,

 a
nd

 so
m

e 
fo

rm
at

io
n 

of
 (R

)-
en

an
tio

m
er

 fr
om

 a
 sa

m
pl

e 
of

 9
9%

 (S
)-

ni
co

tin
e 

is 
ob

se
rv

ed
. A

n 
an

al
og

ou
s p

ro
ce

ss
 ta

ke
s p

la
ce

 w
he

n 
a 

99
%

 (R
)-

ni
co

tin
e 

is 
he

at
ed

 a
nd

 fo
rm

s l
ow

 le
ve

ls 
of

 (S
)-

ni
co

tin
e.

 T
hi

s i
nt

er
co

nv
er

sio
n 

ha
s t

he
 e

ffe
ct

 o
f s

lig
ht

ly
 in

cr
ea

sin
g 

th
e 

co
nt

en
t o

f (
R)

-
ni

co
tin

e 
in

 sm
ok

e 
co

m
pa

re
d 

w
ith

 th
e 

le
ve

l i
n 

to
ba

cc
o 

fo
r c

om
bu

st
ib

le
 c

ig
ar

et
te

s a
nd

 fo
r h

ea
te

d 
to

ba
cc

o 
pr

od
uc

ts
. T

he
 (S

)/(
R)

 
ra

tio
 o

f n
ic

ot
in

e 
en

an
tio

m
er

s i
n 

e-
liq

ui
ds

 w
as

 id
en

tic
al

 w
ith

 th
e 

ra
tio

 fo
r t

he
 p

ar
tic

ul
at

e 
ph

as
e 

of
 a

er
os

ol
s g

en
er

at
ed

 b
y 

e-
ci

ga
re

tte
 v

ap
in

g.

A
er

os
ol

 C
he

m
ist

ry
 &

 
Ph

ys
ic

s

So
lid

 m
at

te
r a

nd
 so

lu
bl

e 
co

m
po

un
ds

 
co

lle
ct

ed
 fr

om
 c

ig
ar

et
te

 sm
ok

e 
an

d 
he

at
ed

 to
ba

cc
o 

pr
od

uc
t a

er
os

ol
 u

sin
g 

a 
la

bo
ra

to
ry

 d
es

ig
ne

d 
pu

ffi
ng

 se
tu

p

A
m

or
ós

-P
ér

ez
, A

.; 
C

an
o-

Ca
sa

no
va

, L
.; 

R
om

án
-

M
ar

tín
ez

, M
. D

. C
.; 

Li
llo

-
Ró

de
na

s, 
M

.

En
vi

ro
n 

R
es

20
21

-1
2-

28

A
 la

bo
ra

to
ry

 se
tu

p 
re

ce
nt

ly
 d

es
ig

ne
d 

ha
s b

ee
n 

us
ed

 to
 p

er
fo

rm
 p

uf
fin

g 
ex

pe
rim

en
ts

 in
 c

on
di

tio
ns

 si
m

ila
r t

o 
th

os
e 

of
 H

ea
lth

 
C

an
ad

a 
In

te
ns

e 
re

gi
m

e 
w

ith
 th

e 
pu

rp
os

e 
of

 c
ol

le
ct

in
g 

an
d 

st
ud

yi
ng

 a
ny

 p
ar

tic
ul

at
e 

an
d/

or
 so

lu
bl

e 
m

at
te

r g
en

er
at

ed
 a

s a
 re

su
lt 

of
 c

ig
ar

et
te

 sm
ok

in
g 

or
 H

ee
ts

 u
se

 in
 a

n 
IQ

O
S 

de
vi

ce
. S

m
ok

e 
or

 a
er

os
ol

 c
an

 le
av

e 
de

po
sit

ed
 m

at
te

r i
n 

se
ve

ra
l p

ar
ts

 o
f t

he
 

se
tu

p,
 ro

ug
hl

y 
re

se
m

bl
in

g 
th

e 
in

te
ra

ct
io

n 
w

ith
 th

e 
hu

m
an

 b
od

y.
 S

am
pl

es
 h

av
e 

be
en

 c
ol

le
ct

ed
 fr

om
 d

iff
er

en
t p

ar
ts

 o
f t

he
 se

tu
p.

 
Fo

r c
ig

ar
et

te
s, 

th
e 

ex
tra

ct
ed

 so
lu

tio
ns

 w
er

e 
ye

llo
w

ish
, w

he
re

as
 th

ey
 re

m
ai

ne
d 

co
lo

ur
le

ss
 fo

r H
ee

ts
. T

hi
s i

nd
ic

at
es

 th
at

 th
e 

co
nt

en
t o

f b
ot

h 
th

e 
de

po
sit

ed
 p

ar
tic

ul
at

e 
m

at
te

r a
nd

 th
e 

am
ou

nt
 so

lu
bl

e 
co

m
po

un
ds

 w
er

e 
m

uc
h 

hi
gh

er
 in

 c
ig

ar
et

te
s s

m
ok

e 
th

an
 in

 H
ee

ts
 a

er
os

ol
. N

ot
 o

nl
y 

qu
an

tit
at

iv
e 

di
ffe

re
nc

es
 h

av
e 

be
en

 fo
un

d.
 T

hu
s, 

th
e 

so
lid

 m
at

te
r c

ol
le

ct
ed

 fr
om

 c
ig

ar
et

te
s 

sm
ok

e 
co

nt
ai

ns
 so

m
e 

in
so

lu
bl

e 
fra

ct
io

ns
 m

ai
nl

y 
co

m
po

se
d 

by
 C

 a
nd

 O
, b

ut
 a

lso
 b

y 
tra

ce
s o

f S
, K

, C
a,

 F
e,

 A
s, 

N
a,

 A
l, 

Si
, a

nd
 

B
a,

 w
hi

le
 th

e 
an

al
og

ou
s s

am
pl

es
 fr

om
 H

ee
ts

 a
re

 m
ai

nl
y 

co
m

po
se

d 
of

 C
 a

nd
 O

 a
nd

 a
re

 so
lu

bl
e 

in
 is

op
ro

pa
no

l. 
In

 a
dd

iti
on

, i
n 

H
ee

ts
 a

er
os

ol
 a

 re
la

tiv
el

y 
lo

w
 fr

ac
tio

n 
of

 th
e 

de
te

ct
ed

 c
om

po
un

ds
 c

or
re

sp
on

ds
 to

 p
ol

yc
yc

lic
 a

ro
m

at
ic

 h
yd

ro
ca

rb
on

s (
PA

H
s)

, 
co

m
pa

re
d 

to
 th

e 
pe

rc
en

ta
ge

 o
f P

A
H

s p
re

se
nt

 in
 th

e 
ci

ga
re

tte
 sm

ok
e.

 W
he

n 
ci

ga
re

tte
s w

er
e 

sm
ok

ed
 u

nd
er

 a
 c

on
tin

uo
us

 
sm

ok
in

g 
re

gi
m

e 
(c

on
tin

uo
us

 a
ir 

flo
w

) s
ol

id
 m

at
te

r w
as

 fo
un

d 
to

 b
e 

de
po

sit
ed

 o
n 

a 
pa

rt 
of

 th
e 

se
tu

p.
 T

hi
s c

ol
le

ct
ed

 so
lid

 
m

at
te

r w
as

 c
om

po
se

d 
m

ai
nl

y 
of

 C
 a

nd
 O

 (b
ei

ng
 m

os
tly

 in
so

lu
bl

e 
in

 w
at

er
 a

nd
 p

ar
tia

lly
 so

lu
bl

e 
in

 is
op

ro
pa

no
l) 

an
d 

co
nt

ai
ne

d 
tra

ce
s o

f h
ea

vy
 m

et
al

s (
A

s, 
C

d,
 C

r, 
N

i, 
C

u,
 a

nd
 P

b)
.

A
er

os
ol

 C
he

m
ist

ry
 &

 
Ph

ys
ic

s

C
om

pa
ris

on
 o

f 3
R

4F
 c

ig
ar

et
te

 sm
ok

e 
an

d 
IQ

O
S 

he
at

ed
 to

ba
cc

o 
pr

od
uc

t 
ae

ro
so

l e
m

iss
io

ns

K
är

ke
lä

, T
.; 

Ta
pp

er
, U

.; 
K

aj
ol

in
na

, T
.

En
vi

ro
n 

Sc
i P

ol
lu

t R
es

 
In

t
20

21
-1

2-
22

In
 th

is 
st

ud
y,

 th
e 

sm
ok

e 
fro

m
 a

 3
R

4F
 re

se
ar

ch
 c

ig
ar

et
te

 a
nd

 th
e 

ae
ro

so
l g

en
er

at
ed

 b
y 

th
e 

H
ea

te
d 

To
ba

cc
o 

Pr
od

uc
t I

Q
O

S,
 

al
so

 re
fe

rr
ed

 to
 a

s t
he

 T
ob

ac
co

 H
ea

tin
g 

Sy
st

em
 (T

H
S)

 2
.2

 in
 th

e 
lit

er
at

ur
e,

 w
er

e 
co

m
pa

re
d.

 T
he

 o
bj

ec
tiv

e 
w

as
 to

 c
ha

ra
ct

er
iz

e 
th

e 
ga

s a
nd

 su
sp

en
de

d 
pa

rti
cu

la
te

 m
at

te
r c

om
po

sit
io

ns
 in

 th
e 

m
ai

ns
tre

am
 sm

ok
e 

fro
m

 a
 c

om
bu

st
ed

 3
R

4F
 c

ig
ar

et
te

 a
nd

 in
 th

e 
ae

ro
so

l g
en

er
at

ed
 b

y 
IQ

O
S 

du
rin

g 
us

e.
 T

he
 re

su
lts

 in
di

ca
te

d 
th

at
 th

e 
de

te
rm

in
ed

 a
er

os
ol

 e
m

iss
io

ns
 fr

om
 IQ

O
S 

w
er

e 
no

ta
bl

y 
lo

w
er

 th
an

 in
 th

e 
ci

ga
re

tte
 sm

ok
e 

un
de

r a
 H

ea
lth

 C
an

ad
a 

In
te

ns
e 

pu
ffi

ng
 re

gi
m

en
. A

s a
n 

in
te

re
st

in
g 

de
ta

il 
in

 th
is 

st
ud

y,
 th

e 
m

ax
im

um
 n

ic
ot

in
e 

co
nc

en
tra

tio
ns

 w
ith

in
 a

 p
uf

f w
er

e 
pr

ac
tic

al
ly

 th
e 

sa
m

e 
in

 b
ot

h 
th

e 
3R

4F
 sm

ok
e 

an
d 

th
e 

IQ
O

S 
ae

ro
so

l, 
bu

t 
th

e 
av

er
ag

e 
co

nc
en

tra
tio

n 
w

as
 lo

w
er

 fo
r t

he
 IQ

O
S 

ae
ro

so
l. 

Fo
r b

ot
h 

pr
od

uc
ts

, w
at

er
 c

on
st

itu
te

d 
a 

sig
ni

fic
an

t p
ro

po
rti

on
 o

f 
th

e 
pa

rti
cu

la
te

 m
at

te
r, 

al
th

ou
gh

 it
 w

as
 su

bs
ta

nt
ia

lly
 h

ig
he

r i
n 

th
e 

IQ
O

S 
ae

ro
so

l. 
Fu

rth
er

m
or

e,
 c

om
bu

st
io

n-
re

la
te

d 
so

lid
 

pa
rti

cl
es

 o
bs

er
ve

d 
in

 th
e 

3R
4F

 sm
ok

e 
co

nt
ai

ne
d 

el
em

en
ts

 su
ch

 a
s c

ar
bo

n,
 o

xy
ge

n,
 p

ot
as

siu
m

, c
al

ci
um

, a
nd

 si
lic

on
. I

n 
co

nt
ra

st
, I

Q
O

S 
ae

ro
so

l p
ar

tic
ul

at
e 

m
at

te
r w

as
 c

om
po

se
d 

of
 se

m
i-v

ol
at

ile
 o

rg
an

ic
 c

on
st

itu
en

ts
 w

ith
 so

m
e 

m
in

or
 tr

ac
es

 o
f 

ox
yg

en
 a

nd
 si

lic
on

. T
he

 p
ar

tic
ul

at
e 

m
at

te
r f

ou
nd

 in
 th

e 
IQ

O
S 

ae
ro

so
l w

as
 v

ol
at

ile
, w

hi
ch

 w
as

 e
sp

ec
ia

lly
 n

ot
ic

ea
bl

e 
w

he
n 

ex
po

se
d 

to
 th

e 
el

ec
tro

n 
be

am
 o

f t
he

 sc
an

ni
ng

 e
le

ct
ro

n 
m

ic
ro

sc
op

e 
(S

EM
) a

nd
 T

ra
ns

m
iss

io
n 

El
ec

tro
n 

M
ic

ro
sc

op
e 

(T
EM

).

M
ar

ch
 1

, 2
02

1 
– 

Fe
br

ua
ry

 2
8,

 2
02

2



A
er

os
ol

 C
he

m
ist

ry
 &

 
Ph

ys
ic

s
Th

e 
ap

pl
ic

ab
ili

ty
 o

f d
iff

er
en

t t
ob

ac
co

 
ty

pe
s t

o 
he

at
ed

 to
ba

cc
o 

pr
od

uc
ts

C
he

n,
 Ji

e;
 H

e,
 X

ia
n;

 
Zh

an
g,

 X
uy

an
; C

he
n,

 Y
i; 

Zh
ao

, L
u;

 S
u,

 Ji
ae

n;
 Q

u,
 

Sh
en

gb
in

; J
i, 

X
in

w
ei

; 
W

an
g,

 T
ao

; L
i, 

Zh
en

jie
; 

H
e,

 C
he

ng
ga

ng
; Z

en
g,

 
Er

qi
ng

; J
in

, Y
an

; L
in

, 
Zh

on
gl

on
g;

 Z
ou

, 
C

on
gm

in
g

In
du

st
ria

l C
ro

ps
 a

nd
 

Pr
od

uc
ts

20
21

-0
5-

01

H
ea

te
d 

to
ba

cc
o 

(N
ic

ot
ia

na
 ta

ba
cu

m
 L

.) 
pr

od
uc

ts
 d

ev
el

op
 ra

pi
dl

y 
be

ca
us

e 
of

 it
s l

ow
 to

xi
ci

ty
. I

n 
or

de
r t

o 
ev

al
ua

te
 th

e 
in

du
st

ria
l a

pp
lic

ab
ili

ty
 o

f t
he

 e
xi

st
in

g 
ty

pe
s o

f c
ha

ra
ct

er
ist

ic
 to

ba
cc

o 
as

 ra
w

 m
at

er
ia

ls 
fo

r h
ea

te
d 

to
ba

cc
os

, t
hi

s r
es

ea
rc

h 
as

ce
rta

in
ed

 d
iff

er
en

ce
s i

n 
th

e 
m

ai
n 

ch
em

ic
al

 c
om

po
sit

io
ns

 in
 to

ba
cc

o 
le

av
es

 fr
om

 d
iff

er
en

t t
yp

es
 to

 e
st

ab
lis

h 
a 

re
la

tio
ns

hi
p 

be
tw

ee
n 

ch
em

ic
al

 c
om

po
sit

io
n 

an
d 

se
ns

or
y 

ev
al

ua
tio

n 
to

 se
le

ct
 ty

pe
s s

ui
ta

bl
e 

fo
r p

ro
du

ci
ng

 h
ea

te
d 

to
ba

cc
os

. N
in

e 
to

ba
cc

o 
ty

pe
s (

K
32

6,
 Y

un
ya

n 
97

, C
he

rr
y-

re
d 

to
ba

cc
o,

 H
an

 to
ba

cc
o,

 D
ao

 to
ba

cc
o,

 T
ia

nd
en

g 
to

ba
cc

o,
 S

un
-c

ur
ed

 y
el

lo
w

 to
ba

cc
o,

 
fre

sh
-c

ut
 to

ba
cc

o,
 a

nd
 a

ro
m

at
ic

 to
ba

cc
o)

 p
la

nt
ed

 in
 Y

un
na

n 
Pr

ov
in

ce
, C

hi
na

 w
er

e 
se

le
ct

ed
. T

he
ir 

se
ns

or
y 

qu
al

ity
 w

as
 

ev
al

ua
te

d 
by

 th
e 

m
et

ho
d 

fo
r s

en
so

ry
 e

va
lu

at
io

n 
of

 h
ea

te
d 

to
ba

cc
os

 a
nd

 c
he

m
ic

al
 c

om
po

sit
io

n 
an

d 
co

nt
en

t o
f a

ro
m

a 
su

bs
ta

nc
es

 in
 to

ba
cc

o 
le

av
es

 w
er

e 
de

te
rm

in
ed

. I
n 

th
e 

ev
al

ua
tio

n 
of

 se
ns

or
y 

qu
al

ity
 o

f h
ea

te
d 

to
ba

cc
os

, t
he

 to
ta

l s
co

re
 o

f 
Ti

an
de

ng
 to

ba
cc

o 
w

as
 si

gn
ifi

ca
nt

ly
 h

ig
he

r t
ha

n 
th

os
e 

of
 th

e 
ot

he
r t

yp
es

, f
ol

lo
w

ed
 b

y 
Ch

er
ry

-r
ed

 to
ba

cc
o 

an
d 

K
32

6;
 T

he
re

 
w

er
e 

sig
ni

fic
an

t d
iff

er
en

ce
s i

n 
ch

em
ic

al
 c

om
po

sit
io

n 
in

 th
e 

ni
ne

 to
ba

cc
o 

ty
pe

s a
nd

 th
e 

to
ta

l a
lk

al
oi

d 
co

nt
en

t i
n 

C
he

rr
y-

re
d 

to
ba

cc
o 

w
as

 n
ot

ab
ly

 h
ig

he
r t

ha
n 

in
 th

e 
ot

he
r t

ob
ac

co
 ty

pe
s. 

Th
e 

am
ou

nt
s o

f t
ot

al
 su

ga
r, 

re
du

ci
ng

 su
ga

r, 
an

d 
st

ar
ch

 in
 H

an
 

to
ba

cc
o 

w
er

e 
sig

ni
fic

an
tly

 lo
w

er
 th

an
 o

th
er

 ty
pe

s, 
w

hi
le

 th
e 

am
ou

nt
s o

f t
ot

al
 n

itr
og

en
, p

ot
as

siu
m

 o
xi

de
, c

hl
or

id
e 

io
ns

, a
nd

 
pr

ot
ei

n 
w

er
e 

m
uc

h 
hi

gh
er

 th
an

 in
 th

e 
ot

he
r t

ob
ac

co
 ty

pe
s. 

Th
e 

to
ta

l a
m

ou
nt

s o
f p

ol
yp

he
no

ls 
an

d 
ar

om
a 

co
m

po
un

ds
 in

 fr
es

h-
cu

t t
ob

ac
co

 w
er

e 
sig

ni
fic

an
tly

 h
ig

he
r t

ha
n 

in
 th

e 
ot

he
r t

ob
ac

co
 ty

pe
s. 

Th
e 

co
nt

en
ts

 o
f n

or
ni

co
tin

e,
 n

eo
ni

co
tin

e,
 a

na
ta

bi
ne

, a
nd

 
to

ta
l a

lk
al

oi
d 

sh
ow

ed
 a

 si
gn

ifi
ca

nt
 p

os
iti

ve
 c

or
re

la
tio

n 
w

ith
 th

e 
to

ta
l s

en
so

ry
 e

va
lu

at
io

n 
sc

or
e.

 T
he

 c
on

te
nt

s o
f n

ic
ot

yr
in

e 
an

d 
2,

3-
bi

py
rid

in
e 

w
er

e 
sig

ni
fic

an
tly

 a
nd

 n
eg

at
iv

el
y 

co
rr

el
at

ed
 w

ith
 th

e 
to

ta
l s

en
so

ry
 e

va
lu

at
io

n 
sc

or
e.

 A
 re

m
ar

ka
bl

e 
ne

ga
tiv

e 
co

rr
el

at
io

n 
w

as
 fo

un
d 

be
tw

ee
n 

st
ar

ch
 c

on
te

nt
 a

nd
 sc

or
e 

on
 ir

rit
at

io
n.

 F
ur

th
er

m
or

e,
 th

e 
am

ou
nt

s o
f n

eo
ch

lo
ro

ge
ni

c 
ac

id
, 

ch
lo

ro
ge

ni
c 

ac
id

, c
af

fe
ic

 a
ci

d,
 a

nd
 to

ta
l p

ol
yp

he
no

ls 
w

er
e 

sig
ni

fic
an

tly
 a

nd
 p

os
iti

ve
ly

 c
or

re
la

te
d 

w
ith

 th
e 

to
ta

l s
en

so
ry

 
ev

al
ua

tio
n 

sc
or

e.
 T

he
 a

m
ou

nt
s o

f a
ld

eh
yd

es
 a

nd
 p

he
no

lic
 c

om
po

un
ds

 h
ad

 a
 si

gn
ifi

ca
nt

 n
eg

at
iv

e 
co

rr
el

at
io

n,
 w

hi
le

 th
e 

am
ou

nt
 

of
 o

le
fin

 c
om

po
un

ds
 h

ad
 a

 si
gn

ifi
ca

nt
 p

os
iti

ve
 c

or
re

la
tio

n,
 w

ith
 th

e 
to

ta
l s

en
so

ry
 e

va
lu

at
io

n 
sc

or
e.

 T
he

se
 c

he
m

ic
al

s i
n 

to
ba

cc
o 

le
av

es
 c

an
 b

e 
us

ed
 a

s i
n 

an
al

ys
es

 sc
re

en
in

g 
of

 o
th

er
 su

ita
bl

e 
to

ba
cc

o 
ty

pe
s, 

an
d 

as
 re

fe
re

nc
e 

st
an

da
rd

s f
or

 se
le

ct
in

g 
to

ba
cc

o 
ra

w
 m

at
er

ia
ls 

su
ita

bl
e 

fo
r h

ig
h-

qu
al

ity
 h

ea
te

d 
to

ba
cc

os
. ©

 2
02

1 
Th

e 
A

ut
ho

rs

A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

Ta
rg

et
ed

 C
ha

ra
ct

er
iz

at
io

n 
of

 th
e 

Ch
em

ic
al

 C
om

po
sit

io
n 

of
 JU

U
L 

Sy
st

em
s A

er
os

ol
 a

nd
 C

om
pa

ris
on

 w
ith

 
3R

4F
 R

ef
er

en
ce

 C
ig

ar
et

te
s a

nd
 IQ

O
S 

H
ea

t S
tic

ks

Ch
en

, X
.; 

B
ai

le
y,

 P
. C

.; 
Y

an
g,

 C
.; 

H
ira

ki
, B

.; 
O

ld
ha

m
, M

. J
.; 

G
ill

m
an

, I
. 

G
.

Se
pa

ra
tio

ns
20

21
-1

0-
03

A
er

os
ol

 c
on

st
itu

en
t y

ie
ld

s h
av

e 
be

en
 re

po
rte

d 
fro

m
 a

 w
id

e 
ra

ng
e 

of
 e

le
ct

ro
ni

c 
ni

co
tin

e 
de

liv
er

y 
sy

st
em

s. 
N

o 
co

m
pr

eh
en

siv
e 

st
ud

y 
ha

s b
ee

n 
pu

bl
ish

ed
 o

n 
th

e 
ae

ro
so

l c
on

st
itu

en
ts

 g
en

er
at

ed
 fr

om
 th

e 
JU

U
L 

sy
st

em
. T

ar
ge

te
d 

an
al

ys
es

 o
f 5

3 
ae

ro
so

l 
co

ns
tit

ue
nt

s f
ro

m
 th

e 
fo

ur
 JU

U
L 

pr
od

uc
ts

 c
ur

re
nt

ly
 o

n 
th

e 
U

S 
m

ar
ke

t (
V

irg
in

ia
 T

ob
ac

co
 a

nd
 M

en
th

ol
 fl

av
or

ed
 e

-li
qu

id
s i

n 
bo

th
 5

.0
%

 a
nd

 3
.0

%
 n

ic
ot

in
e 

co
nc

en
tra

tio
n 

by
 w

ei
gh

t) 
w

as
 p

er
fo

rm
ed

 u
sin

g 
no

n-
in

te
ns

e 
an

d 
in

te
ns

e 
pu

ffi
ng

 re
gi

m
en

s. 
A

ll 
m

ea
su

re
m

en
ts

 w
er

e 
co

nd
uc

te
d 

by
 a

n 
IS

O
 1

70
25

 a
cc

re
di

te
d 

co
nt

ra
ct

 re
se

ar
ch

 o
rg

an
iz

at
io

n.
 JU

U
L 

pr
od

uc
t a

er
os

ol
 

co
ns

tit
ue

nt
s w

er
e 

co
m

pa
re

d 
to

 p
ub

lis
he

d 
va

lu
es

 fo
r t

he
 3

R
4F

 re
se

ar
ch

 c
ig

ar
et

te
 a

nd
 IQ

O
S 

R
eg

ul
ar

 a
nd

 M
en

th
ol

 h
ea

te
d 

to
ba

cc
o 

pr
od

uc
ts

. A
cr

os
s t

he
 fo

ur
 JU

U
L 

pr
od

uc
ts

 a
nd

 tw
o 

pu
ffi

ng
 re

gi
m

es
, o

nl
y 

10
/5

3 
an

al
yt

es
 w

er
e 

qu
an

tif
ia

bl
e,

 in
cl

ud
in

g 
on

ly
 tw

o 
ca

rb
on

yl
s (

kn
ow

n 
pr

op
yl

en
e 

gl
yc

ol
 o

r g
ly

ce
ro

l d
eg

ra
da

nt
s)

. T
he

 re
m

ai
ni

ng
 a

na
ly

te
s w

er
e 

pr
im

ar
y 

in
gr

ed
ie

nt
s, 

ni
co

tin
e 

de
gr

ad
an

ts
 a

nd
 w

at
er

. A
ve

ra
ge

 a
na

ly
te

 re
du

ct
io

ns
 (e

xc
lu

di
ng

 p
rim

ar
y 

in
gr

ed
ie

nt
s a

nd
 w

at
er

) f
or

 a
ll 

fo
ur

 JU
U

L 
sy

st
em

 a
er

os
ol

s t
es

te
d 

w
er

e 
gr

ea
te

r t
ha

n 
98

%
 lo

w
er

 th
an

 3
R4

F 
m

ai
ns

tre
am

 sm
ok

e,
 a

nd
 g

re
at

er
 th

an
 8

8%
 lo

w
er

 th
an

 IQ
O

S 
ae

ro
so

l. 
In

 su
m

m
ar

y,
 c

he
m

ic
al

 c
ha

ra
ct

er
iz

at
io

n 
an

d 
ev

al
ua

tio
n 

of
 JU

U
L 

pr
od

uc
t a

er
os

ol
s d

em
on

st
ra

te
s a

 si
gn

ifi
ca

nt
 re

du
ct

io
n 

in
 to

xi
ca

nt
s w

he
n 

co
m

pa
re

d 
to

 m
ai

ns
tre

am
 c

ig
ar

et
te

 sm
ok

e 
fro

m
 3

R
4F

 re
fe

re
nc

e 
ci

ga
re

tte
s o

r a
er

os
ol

s f
ro

m
 IQ

O
S-

he
at

ed
 

to
ba

cc
o 

pr
od

uc
ts

.

A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

C
om

pa
ris

on
 o

f p
ar

tic
ul

at
e 

m
at

te
r 

em
iss

io
n 

an
d 

so
lu

bl
e 

m
at

te
r c

ol
le

ct
ed

 
fro

m
 c

om
bu

st
io

n 
ci

ga
re

tte
s a

nd
 h

ea
te

d 
to

ba
cc

o 
pr

od
uc

ts
 u

sin
g 

a 
se

tu
p 

de
sig

ne
d 

to
 si

m
ul

at
e 

pu
ffi

ng
 re

gi
m

es

A
m

or
ós

-P
ér

ez
, A

na
; C

an
o -

C
as

an
ov

a,
 L

au
ra

; R
om

án
-

M
ar

tín
ez

, M
ar

ía
 d

el
 

C
ar

m
en

; L
ill

o-
R

ód
en

as
, 

M
ar

ía
 Á

ng
el

es

C
he

m
ic

al
 E

ng
in

ee
rin

g 
Jo

ur
na

l A
dv

an
ce

s
20

21
-0

7-
05

A
n 

ex
pe

rim
en

ta
l s

et
up

 w
as

 d
es

ig
ne

d 
an

d 
op

tim
iz

ed
 to

 c
ol

le
ct

 p
ar

tic
ul

at
e 

m
at

te
r s

us
pe

nd
ed

 in
 c

ig
ar

et
te

s s
m

ok
e 

or
 in

 th
e 

ae
ro

so
l g

en
er

at
ed

 d
ur

in
g 

th
e 

us
e 

of
 h

ea
te

d 
to

ba
cc

o 
pr

od
uc

ts
 (H

TP
s)

. T
he

 se
tu

p 
is 

m
ai

nl
y 

ba
se

d 
on

 a
 g

as
 w

as
hi

ng
 fl

as
k 

co
nt

ai
ni

ng
 w

at
er

 w
he

re
 p

ar
tic

ul
at

e 
m

at
te

r a
nd

 so
lu

bl
e 

co
m

po
un

ds
 c

an
 b

e 
tra

pp
ed

, r
es

em
bl

in
g 

in
te

ra
ct

io
n 

in
 th

e 
bo

dy
. T

hi
s 

sy
st

em
 a

llo
w

s t
o 

pe
rfo

rm
 p

uf
fin

g 
ex

pe
rim

en
ts

 in
 c

on
di

tio
ns

 si
m

ila
r t

o 
th

os
e 

of
 th

e 
H

ea
lth

 C
an

ad
a 

In
te

ns
e 

pu
ffi

ng
 re

gi
m

e.
 In

 
th

e 
st

ud
y,

 c
ig

ar
et

te
s a

nd
 H

ee
ts

 (i
n 

IQ
O

S 
he

at
er

) f
ro

m
 P

hi
lip

 M
or

ris
 P

ro
du

ct
s w

er
e 

us
ed

. C
om

pl
em

en
ta

ry
 c

ha
ra

ct
er

iz
at

io
n 

of
 

th
is 

pa
rti

cu
la

te
 m

at
te

r h
as

 b
ee

n 
ex

tra
ct

ed
 fr

om
 e

xp
er

im
en

ts
 o

n 
a 

ga
s w

as
hi

ng
 fl

as
k 

co
nt

ai
ni

ng
 is

op
ro

pa
no

l. 
To

ta
l o

rg
an

ic
 

ca
rb

on
 a

na
ly

sis
, l

as
er

 d
iff

ra
ct

io
n,

 U
V

-v
is 

sp
ec

tro
ph

ot
om

et
ry

 a
nd

 tr
an

sm
iss

io
n 

el
ec

tro
n 

m
ic

ro
sc

op
y 

m
ea

su
re

m
en

ts
 h

av
e 

sh
ow

n 
th

at
 c

ig
ar

et
te

 sm
ok

e 
co

nt
ai

ns
 a

 la
rg

e 
nu

m
be

r a
nd

 c
on

te
nt

 o
f c

om
po

un
ds

 so
lu

bl
e 

in
 w

at
er

 a
nd

 is
op

ro
pa

no
l, 

to
ge

th
er

 w
ith

 so
lid

 
pa

rti
cl

es
 g

en
er

at
ed

 d
ur

in
g 

co
m

bu
st

io
n.

 In
 c

on
tra

st
, n

eg
lig

ib
le

 p
re

se
nc

e 
of

 n
on

-c
om

bu
st

io
n 

re
la

te
d 

pa
rti

cl
es

 w
as

 d
et

ec
te

d 
in

 
H

ee
ts

 a
er

os
ol

 sa
m

pl
es

. T
he

se
 fa

ct
s, 

to
ge

th
er

 w
ith

 th
e 

hi
gh

er
 a

m
ou

nt
 o

f w
at

er
 so

lu
bl

e 
co

m
po

un
ds

 a
nd

 h
ig

he
r n

um
be

r o
f 

po
ly

ar
om

at
ic

 h
yd

ro
ca

rb
on

s d
et

ec
te

d 
in

 th
e 

ci
ga

re
tte

s s
m

ok
e,

 a
llo

w
 to

 c
on

cl
ud

e 
th

at
 H

TP
s a

re
 le

ss
 h

ar
m

fu
l t

ha
n 

co
m

bu
st

ed
 

ci
ga

re
tte

s.

A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

In
ve

st
ig

at
io

n 
in

to
 th

e 
Pr

es
en

ce
 o

r 
A

bs
en

ce
 o

f S
ol

id
 P

ar
tic

le
s G

en
er

at
ed

 
fro

m
 T

he
rm

al
 P

ro
ce

ss
es

 in
 th

e 
A

er
os

ol
 

fro
m

 a
n 

El
ec

tri
ca

lly
 H

ea
te

d 
To

ba
cc

o 
Pr

od
uc

t w
ith

 a
nd

 w
ith

ou
t F

ilt
er

 
El

em
en

ts

K
är

ke
lä

, T
ee

m
u;

 E
bi

ng
er

, 
Je

an
-C

hr
ist

op
he

; T
ap

pe
r, 

U
nt

o;
 R

ob
yr

, O
liv

ie
r; 

Ja
la

nt
i, 

Ta
un

o

A
er

os
ol

 a
nd

 A
ir 

Q
ua

lit
y 

R
es

ea
rc

h
20

21
-0

5-
31

H
ea

te
d 

To
ba

cc
o 

Pr
od

uc
ts

 (H
TP

) w
er

e 
de

ve
lo

pe
d 

as
 b

et
te

r a
lte

rn
at

iv
es

 to
 c

ig
ar

et
te

s t
o 

av
oi

d 
th

e 
re

le
as

e 
of

 th
ou

sa
nd

s o
f 

ch
em

ic
al

s f
or

m
ed

 w
he

n 
th

e 
to

ba
cc

o 
is 

be
in

g 
bu

rn
t. 

O
ne

 su
ch

 H
TP

 is
 th

e 
El

ec
tri

ca
lly

 H
ea

te
d 

To
ba

cc
o 

Sy
st

em
 (E

H
TS

) (
fro

m
 

Ph
ili

p 
M

or
ris

 In
te

rn
at

io
na

l),
 in

 w
hi

ch
 th

e 
to

ba
cc

o 
m

at
er

ia
l i

n 
th

e 
El

ec
tri

ca
lly

 H
ea

te
d 

To
ba

cc
o 

Pr
od

uc
t (

EH
TP

) i
s h

ea
te

d 
in

st
ea

d 
of

 b
ei

ng
 b

ur
nt

. T
he

 si
gn

ifi
ca

nt
 re

du
ct

io
n 

in
 e

m
iss

io
ns

 fr
om

 E
H

TP
s c

om
pa

re
d 

to
 c

om
bu

st
ed

 c
ig

ar
et

te
s h

av
e 

be
en

 
ex

te
ns

iv
el

y 
su

bs
ta

nt
ia

te
d 

by
 in

de
pe

nd
en

t r
es

ea
rc

h 
gr

ou
ps

. T
he

 a
bs

en
ce

 o
f s

ol
id

 p
ar

tic
le

 e
m

iss
io

ns
 fr

om
 th

e 
EH

TP
 h

as
 a

lso
 

be
en

 c
on

fir
m

ed
 in

 p
ub

lis
he

d 
re

se
ar

ch
. A

s E
H

TP
s h

av
e 

fil
te

r e
le

m
en

ts
 b

et
w

ee
n 

th
e 

to
ba

cc
o 

po
rti

on
 a

nd
 th

e 
m

ou
th

-e
nd

, t
he

ir 
ro

le
 a

ss
oc

ia
te

d 
to

 th
e 

co
nc

lu
sio

n 
th

at
 n

o 
so

lid
 p

ar
tic

le
s a

re
 fo

rm
ed

 d
ur

in
g 

us
e 

ha
s n

ev
er

 b
ee

n 
in

ve
st

ig
at

ed
 to

 o
ur

 k
no

w
le

dg
e.

 
In

 th
is 

w
or

k,
 a

er
os

ol
 c

ol
le

ct
ed

 fr
om

 th
e 

EH
TP

 w
ith

 a
nd

 w
ith

ou
t f

ilt
er

 e
le

m
en

ts
 d

ur
in

g 
he

at
in

g 
as

 w
el

l a
s w

ith
ou

t h
ea

tin
g 

w
as

 
st

ud
ie

d 
to

 in
ve

st
ig

at
e 

w
he

th
er

 so
lid

 p
ar

tic
le

s w
er

e 
fo

rm
ed

 in
 a

ny
 p

ar
t o

f t
he

 p
ro

du
ct

 d
ur

in
g 

us
e.

 T
w

o 
di

ffe
re

nt
 a

na
ly

tic
al

 
m

et
ho

ds
 w

er
e 

us
ed

 a
nd

 th
e 

re
su

lts
 fr

om
 b

ot
h 

m
et

ho
ds

 sh
ow

ed
 th

at
 n

o 
so

lid
 p

ar
tic

le
s o

rig
in

at
in

g 
fro

m
 th

er
m

al
 p

ro
ce

ss
es

 w
as

 
pr

es
en

t i
n 

th
e 

EH
TP

 a
er

os
ol

.



A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

Ef
fe

ct
s o

f G
ly

ce
ro

l a
nd

 P
ro

py
le

ne
 

G
ly

co
l o

n 
Sm

ok
e 

R
el

ea
se

 o
f H

ea
t-n

ot
-

bu
rn

 T
ob

ac
co

 P
ro

du
ct

s

To
ng

, Y
ux

in
g;

 X
io

ng
, 

Y
im

in
; Y

an
, Q

un
sh

an
; 

G
ao

, S
on

g;
 L

e,
 X

i; 
W

ei
, 

Pe
i; 

Sh
u,

 H
ao

; W
an

g,
 

Zi
w

ei
; T

an
g,

 X
ia

ng
bi

n;
 L

i, 
Pe

ng
fe

i; 
X

io
ng

, Z
he

; 
W

an
g,

 Y
i

Jo
ur

na
l o

f P
hy

sic
s:

 
C

on
fe

re
nc

e 
Se

rie
s

20
21

-0
4-

22

G
ly

ce
rin

 a
nd

 p
ro

py
le

ne
 g

ly
co

l a
re

 th
e 

m
ai

n 
co

m
po

ne
nt

s o
f t

he
 a

to
m

iz
in

g 
ag

en
t i

n 
he

at
-n

ot
-b

ur
n 

to
ba

cc
o 

pr
od

uc
ts

 (H
nB

), 
w

hi
ch

 a
ffe

ct
 th

e 
sm

ok
e 

re
le

as
e 

of
 H

nB
 si

gn
ifi

ca
nt

ly
. I

n 
th

is 
st

ud
y,

 th
e 

ro
le

s o
f t

he
 g

ly
ce

rin
 a

nd
 p

ro
py

le
ne

 g
ly

co
l a

s t
he

 
at

om
iz

in
g 

ag
en

t o
n 

sm
ok

e 
re

le
as

e 
of

 H
nB

 w
er

e 
st

ud
ie

d 
by

 u
sin

g 
a 

fix
ed

-b
ed

 re
ac

to
r s

ys
te

m
. T

he
 e

ffe
ct

s o
f g

ly
ce

rin
 to

 
pr

op
yl

en
e 

gl
yc

ol
 ra

tio
 in

 th
e 

at
om

iz
in

g 
ag

en
t, 

an
d 

th
e 

co
nt

en
t o

f a
to

m
iz

in
g 

ag
en

t i
n 

th
e 

H
nB

 w
er

e 
in

ve
st

ig
at

ed
. G

as
 

ch
ro

m
at

og
ra

ph
y-

m
as

s s
pe

ct
ro

m
et

er
 (G

C-
M

S)
 w

as
 u

se
d 

to
 a

na
ly

ze
 th

e 
co

nd
en

sa
bl

e 
co

m
po

ne
nt

s i
n 

th
e 

re
le

as
ed

 sm
ok

e,
 a

nd
 

ga
s c

hr
om

at
og

ra
ph

y 
(G

C)
 w

as
 u

se
d 

to
 a

na
ly

ze
 th

e 
ga

se
ou

s p
ro

du
ct

s. 
Th

e 
re

su
lts

 sh
ow

ed
 th

at
 g

ly
ce

ro
l c

ou
ld

 p
ro

m
ot

e 
th

e 
th

er
m

al
 c

ra
ck

in
g 

of
 to

ba
cc

o 
an

d 
sm

ok
e 

re
le

as
e 

du
rin

g 
py

ro
ly

sis
. T

he
 a

m
ou

nt
 o

f s
m

ok
e 

w
as

 th
e 

la
rg

es
t w

he
n 

th
e 

gl
yc

er
ol

 ra
tio

 
w

as
 6

0%
, m

ea
nw

hi
le

 th
e 

ni
co

tin
e 

co
nt

en
t i

n 
th

e 
sm

ok
e 

w
as

 a
lso

 th
e 

hi
gh

es
t. 

W
he

n 
us

in
g 

th
e 

gl
yc

er
in

 a
nd

 p
ro

py
le

ne
 g

ly
co

l 
m

ix
tu

re
 a

s t
he

 a
to

m
iz

in
g 

ag
en

t, 
th

e 
am

ou
nt

 o
f s

m
ok

e 
an

d 
co

nc
en

tra
tio

n 
of

 n
ic

ot
in

e 
an

d 
C

O
 in

 th
e 

sm
ok

e 
w

er
e 

in
cr

ea
se

d 
w

he
n 

th
e 

co
nt

en
t o

f a
to

m
iz

in
g 

ag
en

t d
ec

re
as

ed
 in

 th
e 

H
nB

. T
he

 re
su

lts
 in

di
ca

te
d 

th
at

 th
e 

in
te

ra
ct

io
ns

 b
et

w
ee

n 
gl

yc
er

in
 a

nd
 

pr
op

yl
en

e 
gl

yc
ol

, a
nd

 th
e 

in
te

ra
ct

io
ns

 b
et

w
ee

n 
th

e 
at

om
iz

in
g 

ag
en

t a
nd

 th
e 

to
ba

cc
o 

w
er

e 
bo

th
 e

xi
st

ed
 d

ur
in

g 
sm

ok
in

g,
 w

hi
ch

 
co

ul
d 

ch
an

ge
 th

e 
ch

ar
ac

te
ris

tic
s o

f t
he

 a
to

m
iz

in
g 

ag
en

t a
nd

 th
e 

sm
ok

e 
re

le
as

e 
pr

op
er

ty
 o

f H
nB

.

A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

St
ru

ct
ur

al
 C

ha
ra

ct
er

ist
ic

s a
nd

 
Pr

op
er

tie
s o

f P
ol

yl
ac

tic
 A

ci
d 

(P
LA

) 
an

d 
C

el
lu

lo
se

 T
ria

ce
ta

te
 (C

TA
) F

ib
er

s 
fo

r H
ea

t-N
ot

-B
ur

n 
(H

N
B

) C
ig

ar
et

te
s

K
e,

 W
ei

ch
an

g;
 M

ia
o,

 
M

en
gy

u;
 L

iu
, B

in
g;

 W
u,

 
Q

ia
o;

 L
iu

, T
on

g

IO
P 

C
on

fe
re

nc
e 

Se
rie

s:
 

Ea
rth

 a
nd

 E
nv

iro
nm

en
ta

l 
Sc

ie
nc

e
20

21
-0

4-
12

In
 th

is 
w

or
k,

 tw
o 

co
m

m
on

ly
 u

se
d 

fil
te

r f
ib

er
s f

or
 h

ea
t-n

ot
-b

ur
n 

(H
N

B
) c

ig
ar

et
te

s, 
po

ly
la

ct
ic

 a
ci

d 
(P

LA
) a

nd
 c

el
lu

lo
se

 
tri

ac
et

at
e 

(C
TA

) f
ib

er
s, 

ha
ve

 b
ee

n 
ex

te
ns

iv
el

y 
in

ve
st

ig
at

ed
 b

y 
ch

ar
ac

te
riz

in
g 

th
ei

r m
or

ph
ol

og
ie

s, 
th

er
m

al
 a

nd
 w

et
tin

g 
pr

op
er

tie
s. 

It 
is 

fo
un

d 
th

at
 p

le
nt

y 
of

 sm
al

l p
or

es
 c

an
 b

e 
ob

se
rv

ed
 in

 P
LA

 fi
be

rs
, w

hi
ch

 c
an

 p
ro

vi
de

 m
or

e 
ef

fe
ct

iv
e 

su
rfa

ce
 

ar
ea

s f
or

 th
e 

ad
so

rp
tio

n 
of

 m
ai

ns
tre

am
 sm

ok
e 

th
an

 C
TA

 fi
be

rs
 w

ith
 sm

oo
th

 su
rfa

ce
. A

t t
he

 sa
m

e 
tim

e,
 th

er
m

al
 p

ro
pe

rti
es

 
re

su
lts

 in
cl

ud
in

g 
di

ffe
re

nt
ia

l s
ca

nn
in

g 
ca

lo
rim

et
ry

 d
at

a,
 th

er
m

og
ra

vi
m

et
ry

 d
at

a,
 a

nd
 th

er
m

al
 c

on
du

ct
iv

iti
es

 o
f P

LA
 a

nd
 C

TA
 

fib
er

s i
nd

ic
at

e 
th

at
 C

TA
 fi

be
rs

 h
av

e 
an

 a
m

or
ph

ou
s p

ha
se

, w
hi

le
 P

LA
 fi

be
rs

 p
re

se
nt

 a
 m

ix
tu

re
 o

f a
m

or
ph

ou
s p

ha
se

 a
nd

 
cr

ys
ta

lli
ne

 p
ha

se
 w

ith
 b

et
te

r t
he

rm
al

 p
ro

pe
rti

es
. A

dd
iti

on
al

ly
, w

et
tin

g 
pr

op
er

tie
s d

em
on

st
ra

te
 th

at
 P

LA
 fi

be
rs

 h
av

e 
be

tte
r 

ad
so

rp
tio

n 
pr

op
er

tie
s t

ha
n 

C
TA

 fi
be

rs
.

A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

Th
e 

D
yn

am
ic

s o
f E

xh
al

ed
 A

er
os

ol
 

Fo
llo

w
in

g 
th

e 
U

sa
ge

 o
f H

ea
te

d 
To

ba
cc

o 
Pr

od
uc

t, 
El

ec
tro

ni
c 

Ci
ga

re
tte

, a
nd

 C
on

ve
nt

io
na

l C
ig

ar
et

te

M
ar

ija
; P

ra
sa

us
ka

s, 
A

er
os

ol
 a

nd
 A

ir 
Q

ua
lit

y 
R

es
ea

rc
h

20
21

-0
4-

04

H
ea

te
d 

to
ba

cc
o 

pr
od

uc
ts

 (H
TP

s)
 a

nd
 e

le
ct

ro
ni

c 
ci

ga
re

tte
s (

EC
s)

 re
pr

es
en

t a
 p

ot
en

tia
lly

 le
ss

 h
ar

m
fu

l a
lte

rn
at

iv
e 

to
 tr

ad
iti

on
al

 
to

ba
cc

o 
pr

od
uc

ts
, s

uc
h 

as
 c

on
ve

nt
io

na
l c

ig
ar

et
te

s (
C

C
s)

, w
ith

 g
ro

w
in

g 
po

pu
la

rit
y 

am
on

gs
t a

du
lt 

sm
ok

er
s w

or
ld

w
id

e.
 T

he
ir 

us
er

s e
xh

al
e 

a 
ve

ry
 d

yn
am

ic
 a

er
os

ol
 to

 in
do

or
 a

ir 
w

hi
ch

 u
nd

er
go

es
 ra

pi
d 

tra
ns

fo
rm

at
io

ns
. I

n 
th

e 
pr

es
en

t s
tu

dy
, w

e 
as

se
ss

ed
 

th
e 

dy
na

m
ic

s o
f t

he
 g

en
er

at
ed

 e
xh

al
ed

 a
er

os
ol

s f
ol

lo
w

in
g 

us
e 

of
 a

 n
ew

 H
TP

 (b
ra

nd
ed

 a
s “

Pu
lz

e”
, o

pe
ra

tin
g 

in
 e

co
 a

nd
 

st
an

da
rd

 m
od

es
) a

nd
 a

n 
e-

ci
ga

re
tte

 (“
m

yb
lu

”)
 in

 a
 c

ha
m

be
r e

nv
iro

nm
en

t b
y 

th
re

e 
vo

lu
nt

ee
rs

, c
on

tro
lli

ng
 fo

r t
he

 d
ist

an
ce

 to
 

by
st

an
de

r, 
ve

nt
ila

tio
n 

in
te

ns
ity

 a
nd

 m
ic

ro
cl

im
at

e.
 T

he
 H

TP
 a

nd
 E

C
 d

at
a 

w
as

 c
om

pa
re

d 
ag

ai
ns

t c
on

ve
nt

io
na

l c
ig

ar
et

te
 d

at
a.

 
H

TP
 g

en
er

al
ly

 re
su

lte
d 

in
 lo

w
er

 a
er

os
ol

 n
um

be
r c

on
ce

nt
ra

tio
n 

du
rin

g 
pu

ffs
 re

ac
hi

ng
 1

.6
6E

+0
6 

# 
cm

-3
 a

t 0
.5

 m
 fr

om
 

by
st

an
de

r, 
co

m
pa

re
d 

to
 E

C
 (a

ve
ra

gi
ng

 4
.3

E+
06

 #
 c

m
-3

), 
an

d 
CC

 (1
.4

7E
+0

8 
# 

cm
-3

). 
N

o 
sig

ni
fic

an
t d

iff
er

en
ce

 w
as

 o
bs

er
ve

d 
be

tw
ee

n 
“e

co
” 

an
d 

“s
ta

nd
ar

d”
 m

od
es

 o
f H

TP
. A

t t
he

 sa
m

e 
tim

e,
 E

C
 c

on
ce

nt
ra

tio
n 

de
cr

ea
se

 a
fte

r p
uf

fs
 w

as
 a

lso
 fa

st
er

, 
in

di
ca

tin
g 

hi
gh

er
 v

ol
at

ili
ty

 o
f p

ar
tic

le
s. 

EC
 a

lso
 fe

at
ur

ed
 h

ig
he

r m
od

e 
du

rin
g 

pu
ff 

(1
20

 n
m

) c
om

pa
re

d 
to

 H
TP

 (9
0 

nm
), 

w
hi

ch
 

w
as

 si
gn

ifi
ca

nt
ly

 d
iff

er
en

t f
ro

m
 c

on
ve

nt
io

na
l c

ig
ar

et
te

 (1
65

-2
00

 n
m

). 
Th

e 
ev

ap
or

at
io

n/
sh

rin
ka

ge
 o

f p
ar

tic
le

s h
as

 b
ee

n 
ob

se
rv

ed
 w

ith
in

 1
0 

se
c 

af
te

r p
uf

f w
ith

 th
e 

H
TP

 a
nd

 E
C

. D
ist

an
ce

 to
 a

 b
ys

ta
nd

er
 w

as
 sh

ow
n 

to
 b

e 
as

 a
 si

gn
ifi

ca
nt

 fa
ct

or
 

af
fe

ct
in

g 
ae

ro
so

l d
yn

am
ic

s, 
ho

w
ev

er
 v

en
til

at
io

n 
in

te
ns

ity
 a

nd
 re

la
tiv

e 
hu

m
id

ity
 d

id
 n

ot
 h

av
e 

st
at

ist
ic

al
ly

 si
gn

ifi
ca

nt
 e

ffe
ct

.

A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

Pr
od

uc
t D

es
ig

n

In
flu

en
ce

 o
f n

at
ur

al
 d

ee
p 

eu
te

ct
ic

 
so

lv
en

ts
 o

n 
th

e 
re

le
as

e 
of

 v
ol

at
ile

 
co

m
po

un
ds

 fr
om

 h
ea

te
d 

to
ba

cc
o

Ta
n,

 J.
; L

i, 
N

.; 
W

an
g,

 X
.; 

Y
an

, J
.; 

W
en

ta
o,

 Z
.; 

D
ou

, 
Y

.

In
du

st
ria

l C
ro

ps
 a

nd
 

Pr
od

uc
ts

20
21

-1
0-

19

In
sp

ire
d 

by
 th

e 
em

er
ge

nc
e 

of
 n

at
ur

al
 d

ee
p 

eu
te

ct
ic

 so
lv

en
ts

 (D
ES

s)
, w

e 
he

re
in

 u
se

d 
th

er
m

og
ra

vi
m

et
ry

 a
nd

 p
yr

ol
ys

is-
ga

s 
ch

ro
m

at
og

ra
ph

y/
m

as
s s

pe
ct

ro
m

et
ry

 to
 p

ro
be

 th
e 

in
flu

en
ce

 o
f s

ix
 D

ES
s (

hy
dr

og
en

 b
on

d 
ac

ce
pt

or
=c

ho
lin

e 
ch

lo
rid

e,
 b

et
ai

ne
, o

r 
l-p

ro
lin

e;
 h

yd
ro

ge
n 

bo
nd

 d
on

or
=g

ly
ce

ro
l, 

1,
4-

bu
ta

ne
di

ol
, o

r p
ro

py
le

ne
 g

ly
co

l) 
on

 th
e 

re
le

as
e 

of
 v

ol
at

ile
s f

ro
m

 to
ba

cc
o 

at
 

30
0 

°C
. D

ES
 tr

ea
tm

en
t i

nd
uc

ed
 a

 3
.5

–4
.6

%
 in

cr
ea

se
 in

 se
co

nd
-s

ta
ge

 w
ei

gh
t l

os
s a

nd
 p

ro
m

ot
ed

 th
e 

re
le

as
e 

of
 2

8 
ar

om
a 

co
ns

tit
ue

nt
s (

fu
ra

ns
, a

ld
eh

yd
es

, k
et

on
es

, a
nd

 o
rg

an
ic

 a
ci

ds
). 

Tr
ea

tm
en

t w
ith

 c
ho

lin
e 

ch
lo

rid
e-

gl
yc

er
ol

-p
ro

py
le

ne
 g

ly
co

l 
in

cr
ea

se
d 

th
e 

re
la

tiv
e 

co
nt

en
ts

 o
f t

he
 re

le
as

ed
 5

-h
yd

ro
xy

m
et

hy
lfu

rfu
ra

l a
nd

 m
eg

as
tig

m
at

rie
no

ne
 b

y 
fa

ct
or

s o
f 1

.2
 a

nd
 3

.6
, 

re
sp

ec
tiv

el
y,

 w
he

re
as

 tr
ea

tm
en

t w
ith

 l-
pr

ol
in

e-
gl

yc
er

ol
 p

ro
m

ot
ed

 th
e 

re
le

as
e 

of
 2

,3
-d

ih
yd

ro
-3

,5
-d

ih
yd

ro
xy

-6
-m

et
hy

l-(
4H

)-
py

ra
n-

4-
on

e.
 T

he
re

fo
re

, D
ES

 tr
ea

tm
en

t f
ac

ili
ta

te
d 

th
e 

re
le

as
e 

of
 v

ol
at

ile
s f

ro
m

 to
ba

cc
o 

po
w

de
r a

nd
 w

as
 in

fe
rr

ed
 to

 b
e 

pr
om

isi
ng

 fo
r t

he
 d

ev
el

op
m

en
t o

f n
ov

el
 c

ig
ar

et
te

 c
on

st
itu

en
ts

.

A
w

ar
en

es
s &

 
Pe

rc
ep

tio
ns

Pr
ev

al
en

ce
 &

 U
se

 
Pa

tte
rn

s

In
flu

en
ce

 o
f H

N
B

 P
ro

du
ct

 P
ac

ka
gi

ng
 

H
ea

lth
 W

ar
ni

ng
 D

es
ig

n 
on

 R
isk

 
Pe

rc
ep

tio
n 

B
as

ed
 o

n 
Ey

e 
Tr

ac
ki

ng

Su
n,

 L
ili

; H
u,

 L
iz

ho
ng

; 
Zh

en
g,

 F
en

g;
 S

un
, Y

ue
; 

C
ao

, H
ua

i; 
W

u,
 L

ei

Le
ct

ur
e 

N
ot

es
 in

 
C

om
pu

te
r S

ci
en

ce
20

21
-0

7-
03

Th
is 

pa
pe

r r
ep

or
ts

 o
n 

an
 e

xp
er

im
en

ta
l p

sy
ch

ol
og

y 
st

ud
y 

in
 th

e 
fie

ld
 o

f H
N

B
 p

ac
ka

gi
ng

 d
es

ig
n,

 w
hi

ch
 u

se
d 

to
 m

ea
su

re
 th

e 
in

flu
en

ce
 o

f h
ea

lth
 w

ar
ni

ng
 d

es
ig

n 
on

 c
on

su
m

er
’s

 ri
sk

 p
er

ce
pt

io
n.

 B
as

ed
 o

n 
ey

e 
tra

ck
in

g 
m

et
ho

d,
 w

e 
co

nd
uc

te
d 

an
 

ex
pe

rim
en

ta
l d

es
ig

n.
 T

he
 in

de
pe

nd
en

t v
ar

ia
bl

es
 w

er
e 

th
e 

pr
es

en
ta

tio
n 

fo
rm

 o
f t

he
 h

ea
lth

 w
ar

ni
ng

 d
es

ig
n 

(te
xt

 w
ar

ni
ng

, p
ic

tu
re

 
w

ar
ni

ng
). 

Th
e 

de
pe

nd
en

t v
ar

ia
bl

e 
in

cl
ud

ed
 th

e 
ey

e 
m

ov
em

en
t d

at
a 

an
d 

su
bj

ec
tiv

e 
sc

or
es

. A
 to

ta
l o

f 6
8 

su
bj

ec
ts

 p
ar

tic
ip

at
ed

 in
 

th
e 

ex
pe

rim
en

t. 
Th

e 
m

ai
n 

fin
di

ng
 o

f t
hi

s s
tu

dy
 w

er
e 

as
 fo

llo
w

s: 
(1

) t
he

 p
re

se
nt

at
io

n 
fo

rm
 o

f t
he

 h
ea

lth
 w

ar
ni

ng
 d

es
ig

n 
sig

ni
fic

an
t a

ffe
ct

s t
he

 c
on

su
m

er
’ v

isu
al

 a
tte

nt
io

n;
 (2

) p
ic

tu
re

 w
ar

ni
ng

 h
as

 st
ro

ng
er

 v
isu

al
 im

pa
ct

 th
an

 te
xt

 w
ar

ni
ng

 w
hi

ch
 

ea
sie

r t
o 

st
im

ul
at

e 
th

e 
us

er
’s

 p
up

il 
di

am
et

er
; (

3)
 th

e 
pr

es
en

ta
tio

n 
fo

rm
 o

f t
he

 h
ea

lth
 w

ar
ni

ng
 d

es
ig

n 
sig

ni
fic

an
t a

ffe
ct

s t
he

 
co

ns
um

er
’ r

isk
 p

er
ce

pt
io

n.
 F

ur
th

er
m

or
e,

 th
e 

re
se

ar
ch

 re
su

lts
 p

ro
vi

de
 a

n 
ap

pr
oa

ch
 o

f u
sin

g 
ey

e-
tra

ck
in

g 
ev

al
ua

tio
n 

m
et

ho
d 

in
 

th
e 

re
le

va
nt

 c
on

su
m

er
 p

ro
du

ct
s p

ac
ka

gi
ng

 d
es

ig
n 

fie
ld

.



C
lin

ic
al

A
 n

ov
el

 c
lin

ic
al

 m
et

ho
d 

to
 m

ea
su

re
 

sk
in

 st
ai

ni
ng

 re
ve

al
s a

ct
iv

at
io

n 
of

 sk
in

 
da

m
ag

e 
pa

th
w

ay
s b

y 
ci

ga
re

tte
 sm

ok
e

D
al

ry
m

pl
e,

 A
.; 

M
cE

w
an

, 
M

.; 
B

ra
nd

t, 
M

.; 
Bi

el
fe

ld
t, 

S.
; B

ea
n,

 E
. J

.; 
M

og
a,

 A
.; 

C
ob

ur
n,

 S
.; 

H
ar

di
e,

 G
.

Sk
in

 R
es

 T
ec

hn
ol

20
21

-1
1-

10

B
A

C
K

G
R

O
U

N
D

: L
on

g-
te

rm
 u

se
 o

f c
ig

ar
et

te
s c

an
 re

su
lt 

in
 lo

ca
lis

ed
 st

ai
ni

ng
 a

nd
 a

gi
ng

 o
f s

m
ok

er
s' 

sk
in

. T
he

 u
se

 o
f t

ob
ac

co
 

he
at

in
g 

pr
od

uc
ts

 (T
H

Ps
) a

nd
 e

le
ct

ro
ni

c 
ci

ga
re

tte
s (

EC
s)

 h
as

 g
ro

w
n 

on
 a

 g
lo

ba
l s

ca
le

; h
ow

ev
er

, t
he

 lo
ng

-te
rm

 e
ffe

ct
 o

f t
he

se
 

pr
od

uc
ts

' a
er

os
ol

s o
n 

co
ns

um
er

s' 
sk

in
 is

 u
nk

no
w

n.
 T

hi
s p

ilo
t c

lin
ic

al
 st

ud
y 

ai
m

ed
 to

 d
et

er
m

in
e 

w
he

th
er

 T
H

P 
or

 E
C

 a
er

os
ol

 
ex

po
su

re
 re

su
lts

 in
 sk

in
 st

ai
ni

ng
 o

r a
ct

iv
at

io
n 

of
 b

io
m

ar
ke

rs
 a

ss
oc

ia
te

d 
w

ith
 o

xi
da

tiv
e 

st
re

ss
. M

A
TE

R
IA

LS
 A

N
D

 
M

ET
H

O
D

S:
 E

ig
ht

 a
re

as
 w

er
e 

id
en

tif
ie

d 
on

 th
e 

ba
ck

s o
f 1

0 
su

bj
ec

ts
. T

w
o 

ar
ea

s w
er

e 
us

ed
 fo

r a
ir 

co
nt

ro
l, 

an
d 

tw
o 

ar
ea

s 
ex

po
se

d 
to

 3
2-

pu
ffs

 o
f c

ig
ar

et
te

 sm
ok

e 
(C

S)
, T

H
P 

or
 E

C 
ae

ro
so

ls,
 w

hi
ch

 w
er

e 
de

liv
er

ed
 to

 th
e 

sk
in

 u
sin

g 
a 

3-
cm

 d
ia

m
et

er
 

ex
po

su
re

 c
ha

m
be

r a
nd

 sm
ok

e 
en

gi
ne

. S
ki

n 
co

lo
ur

 w
as

 m
ea

su
re

d 
us

in
g 

a 
C

hr
om

am
et

er
. S

qu
al

en
e 

(S
Q

), 
SQ

 
m

on
oh

yd
ro

pe
ro

xi
de

 (S
Q

O
O

H
) a

nd
 m

al
on

di
al

de
hy

de
 (M

D
A

) l
ev

el
s w

er
e 

m
ea

su
re

d 
in

 se
bu

m
 sa

m
pl

es
 b

y 
m

as
s s

pe
ct

ro
m

et
ry

 
an

d 
ca

ta
la

se
 c

ol
or

im
et

ry
. R

ES
U

LT
S:

 C
S 

ex
po

su
re

 si
gn

ifi
ca

nt
ly

 in
cr

ea
se

d 
sk

in
 st

ai
ni

ng
, S

Q
O

O
H

 a
nd

 M
D

A
 le

ve
ls 

an
d 

SQ
O

O
H

/S
Q

 ra
tio

. T
H

P 
an

d 
EC

 v
al

ue
s w

er
e 

sig
ni

fic
an

tly
 lo

w
er

 th
an

 C
S;

 E
C

 v
al

ue
s b

ei
ng

 c
om

pa
ra

bl
e 

to
 a

ir 
co

nt
ro

l. 
TH

P 
va

lu
es

 w
er

e 
co

m
pa

ra
bl

e 
to

 E
C

 a
nd

 a
ir 

co
nt

ro
l a

t a
ll 

en
dp

oi
nt

s, 
ap

ar
t f

ro
m

 sk
in

 st
ai

ni
ng

. S
Q

 a
nd

 c
at

al
as

e 
le

ve
ls 

di
d 

no
t c

ha
ng

e 
w

ith
 e

xp
os

ur
e.

 C
O

N
C

LU
SI

O
N

S:
 C

S 
st

ai
ne

d 
sk

in
 a

nd
 a

ct
iv

at
ed

 p
at

hw
ay

s k
no

w
n 

to
 b

e 
as

so
ci

at
ed

 w
ith

 sk
in

 d
am

ag
e.

 T
H

Ps
 

an
d 

EC
s p

ro
du

ce
d 

sig
ni

fic
an

tly
 lo

w
er

 v
al

ue
s, 

su
gg

es
tin

g 
th

ey
 c

ou
ld

 o
ffe

r h
yg

ie
ne

 a
nd

 c
os

m
et

ic
 b

en
ef

its
 fo

r c
on

su
m

er
s w

ho
 

sw
itc

h 
ex

cl
us

iv
el

y 
fro

m
 sm

ok
in

g 
ci

ga
re

tte
s. 

Fu
rth

er
 st

ud
ie

s a
re

 re
qu

ire
d 

to
 a

ss
es

s l
on

ge
r-

te
rm

 e
ffe

ct
s o

f E
C

s a
nd

 T
H

Ps
 o

n 
sk

in
 fu

nc
tio

n.

C
lin

ic
al

Ch
an

ge
s i

n 
bi

om
ar

ke
rs

 a
fte

r 1
80

 d
ay

s 
of

 to
ba

cc
o 

he
at

in
g 

pr
od

uc
t u

se
: a

 
ra

nd
om

ise
d 

tri
al

G
al

e,
 N

.; 
M

cE
w

an
, M

.; 
C

am
ac

ho
, O

. M
.; 

H
ar

di
e,

 
G

.; 
Pr

oc
to

r, 
C.

 J.
; 

M
ur

ph
y,

 J.

In
te

rn
 E

m
er

g 
M

ed
20

21
-0

7-
01

Th
e 

ai
m

 o
f t

hi
s s

tu
dy

 w
as

 to
 in

ve
st

ig
at

e 
w

he
th

er
 b

io
m

ar
ke

rs
 o

f e
xp

os
ur

e 
(B

oE
) a

nd
 p

ot
en

tia
l h

ar
m

 (B
oP

H
) a

re
 m

od
ifi

ed
 

w
he

n 
sm

ok
er

s s
w

itc
h 

fro
m

 sm
ok

in
g 

ci
ga

re
tte

s t
o 

ex
cl

us
iv

e 
us

e 
of

 a
 to

ba
cc

o 
he

at
in

g 
pr

od
uc

t (
TH

P)
 in

 a
n 

am
bu

la
to

ry
 se

tti
ng

. 
Pa

rti
ci

pa
nt

s i
n 

th
is 

ra
nd

om
ise

d,
 c

on
tro

lle
d 

st
ud

y 
w

er
e 

he
al

th
y 

vo
lu

nt
ee

r s
m

ok
er

s a
ss

ig
ne

d 
ei

th
er

 to
 c

on
tin

ue
 sm

ok
in

g 
or

 
sw

itc
h 

to
 a

 T
H

P,
 a

nd
 a

 c
on

tro
l g

ro
up

 o
f s

m
ok

er
s w

ho
 a

bs
ta

in
ed

 fr
om

 c
ig

ar
et

te
 sm

ok
in

g.
 V

ar
io

us
 B

oE
 a

nd
 B

oP
H

 re
la

te
d 

to
 

ox
id

at
iv

e 
st

re
ss

, c
ar

di
ov

as
cu

la
r a

nd
 re

sp
ira

to
ry

 d
ise

as
es

, a
nd

 c
an

ce
r w

er
e 

as
se

ss
ed

 a
t b

as
el

in
e 

an
d 

up
 to

 1
80

 d
ay

s. 
In

 
co

nt
in

ui
ng

 sm
ok

er
s, 

Bo
E 

an
d 

B
oP

H
 re

m
ai

ne
d 

st
ab

le
 b

et
w

ee
n 

ba
se

lin
e 

an
d 

da
y 

18
0,

 w
hi

le
 T

H
P 

us
er

s' 
le

ve
ls 

of
 m

os
t B

oE
 

re
du

ce
d 

sig
ni

fic
an

tly
, b

ec
om

in
g 

sim
ila

r t
o 

th
os

e 
in

 c
on

tro
ls 

ab
st

ai
ni

ng
 fr

om
 c

ig
ar

et
te

 sm
ok

in
g.

 A
lso

 a
t 1

80
 d

ay
s, 

sig
ni

fic
an

t 

fra
ct

io
na

l c
on

ce
nt

ra
tio

n 
of

 e
xh

al
ed

 n
itr

ic
 o

xi
de

 a
nd

 w
hi

te
 b

lo
od

 c
el

l c
ou

nt
, w

er
e 

di
re

ct
io

na
lly

 c
on

sis
te

nt
 w

ith
 le

ss
en

ed
 h

ea
lth

 
im

pa
ct

. O
ur

 fi
nd

in
gs

 su
pp

or
t t

he
 n

ot
io

n 
th

at
 th

e 
de

le
te

rio
us

 h
ea

lth
 im

pa
ct

s o
f c

ig
ar

et
te

 sm
ok

in
g 

m
ay

 b
e 

re
du

ce
d 

in
 sm

ok
er

s 
w

ho
 c

om
pl

et
el

y 
sw

itc
h 

to
 u

sin
g 

TH
Ps

.

C
lin

ic
al

A
 ra

nd
om

iz
ed

 c
on

tro
lle

d 
st

ud
y 

in
 

he
al

th
y 

pa
rti

ci
pa

nt
s t

o 
ex

pl
or

e 
th

e 
ex

po
su

re
 c

on
tin

uu
m

 w
he

n 
sm

ok
er

s 
sw

itc
h 

to
 a

 to
ba

cc
o 

he
at

in
g 

pr
od

uc
t o

r 
an

 E
-c

ig
ar

et
te

 re
la

tiv
e 

to
 c

es
sa

tio
n

M
cE

w
an

, M
.; 

G
al

e,
 N

.; 
Eb

aj
em

ito
, J

. K
.; 

C
am

ac
ho

, O
. M

.; 
H

ar
di

e,
 

G
.; 

Pr
oc

to
r, 

C.
 J.

; 
M

ur
ph

y,
 J.

To
xi

co
l R

ep
20

21
-0

5-
08

B
ac

kg
ro

un
d:

 C
ig

ar
et

te
 sm

ok
in

g 
is 

as
so

ci
at

ed
 w

ith
 a

 n
um

be
r o

f d
ise

as
es

, s
uc

h 
as

 c
an

ce
r a

nd
 c

ar
di

ov
as

cu
la

r d
ise

as
es

. R
ec

en
tly

, 
th

er
e 

ha
s b

ee
n 

an
 in

cr
ea

se
 in

 th
e 

us
e 

of
 e

le
ct

ro
ni

c 
ci

ga
re

tte
s (

EC
s)

 a
nd

 to
ba

cc
o-

he
at

in
g 

pr
od

uc
ts

 (T
H

Ps
) a

s a
n 

al
te

rn
at

iv
e 

to
 

ci
ga

re
tte

s, 
w

hi
ch

 m
ay

 re
du

ce
 th

e 
he

al
th

 b
ur

de
n 

as
so

ci
at

ed
 w

ith
 sm

ok
in

g.
 H

ow
ev

er
, a

n 
ex

po
su

re
 c

on
tin

uu
m

 w
he

n 
sm

ok
er

s 
sw

itc
h 

to
 E

C
s o

r T
H

Ps
 c

om
pa

re
d 

to
 c

om
pl

et
e 

sm
ok

in
g 

ce
ss

at
io

n 
is 

no
t w

el
l e

st
ab

lis
he

d.
 M

et
ho

ds
: 1

48
 h

ea
lth

y 
sm

ok
er

s w
er

e 
ra

nd
om

iz
ed

 to
 e

ith
er

 c
on

tin
ue

 sm
ok

in
g 

ci
ga

re
tte

s, 
sw

itc
h 

to
 u

sin
g 

th
e 

gl
o 

TH
P 

or
 a

 p
ro

to
ty

pe
 E

C
, o

r c
om

pl
et

el
y 

qu
it 

an
y 

ni
co

tin
e 

or
 to

ba
cc

o 
pr

od
uc

t u
se

 fo
r 5

 d
ay

s, 
af

te
r a

 2
-d

ay
 b

as
el

in
e 

pe
rio

d.
 D

ur
in

g 
th

is 
st

ud
y 

br
ea

th
 a

nd
 2

4-
h 

ur
in

e 
sa

m
pl

es
 

w
er

e 
co

lle
ct

ed
 fo

r B
io

m
ar

ke
r o

f E
xp

os
ur

e 
(B

oE
) a

na
ly

sis
. R

es
ul

ts
: A

fte
r a

 5
-d

ay
 sw

itc
hi

ng
 p

er
io

d 
Bo

E 
le

ve
ls 

sh
ow

ed
 a

 
su

bs
ta

nt
ia

l s
ig

ni
fic

an
t d

ec
re

as
e 

in
 le

ve
ls 

fro
m

 b
as

el
in

e 
in

 th
e 

gr
ou

ps
 u

sin
g 

th
e 

gl
o 

TH
P,

 th
e 

pr
ot

ot
yp

e 
EC

, a
nd

 h
av

in
g 

qu
it 

al
l 

ni
co

tin
e 

an
d 

to
ba

cc
o 

us
e.

 O
n 

an
 e

xp
os

ur
e 

co
nt

in
uu

m
, s

m
ok

er
s w

ho
 c

om
pl

et
el

y 
qu

it 
ni

co
tin

e 
ha

d 
th

e 
lo

w
es

t l
ev

el
s o

f a
ss

es
se

d 
B

oE
s, 

fo
llo

w
ed

 b
y 

th
os

e 
w

ho
 sw

itc
he

d 
to

 th
e 

EC
 a

nd
 th

en
 th

os
e 

w
ho

 sw
itc

he
d 

to
 g

lo
 T

H
P 

us
e.

 P
ar

tic
ip

an
ts

 w
ho

 c
on

tin
ue

d 
to

 sm
ok

e 
ha

d 
th

e 
hi

gh
es

t l
ev

el
s o

f B
oE

s. 
C

on
cl

us
io

ns
: T

H
P 

or
 E

C
 u

se
 o

ve
r a

 5
-d

ay
 p

er
io

d 
re

su
lte

d 
in

 si
gn

ifi
ca

nt
 re

du
ct

io
ns

 
in

 e
xp

os
ur

e 
to

 sm
ok

e 
to

xi
ca

nt
s, 

in
 so

m
e 

ca
se

s t
o 

le
ve

ls 
sim

ila
r t

o 
th

os
e 

fo
r n

ic
ot

in
e 

ce
ss

at
io

n.
 T

he
se

 re
su

lts
 sh

ow
 th

at
 o

n 
an

 
ex

po
su

re
 c

on
tin

uu
m

, n
ic

ot
in

e 
ce

ss
at

io
n 

gi
ve

s t
he

 g
re

at
es

t r
ed

uc
tio

n 
in

 e
xp

os
ur

e 
to

 to
ba

cc
o 

sm
ok

e 
to

xi
ca

nt
s, 

cl
os

el
y 

fo
llo

w
ed

 
by

 th
e 

EC
 a

nd
 th

e 
gl

o 
TH

P.
 T

he
se

 si
gn

ifi
ca

nt
 re

du
ct

io
ns

 in
 e

xp
os

ur
e 

to
 to

xi
ca

nt
s s

ug
ge

st
 th

at
 th

e 
gl

o 
TH

P 
an

d 
EC

 h
av

e 
th

e 
po

te
nt

ia
l t

o 
be

 R
ed

uc
ed

 R
isk

 P
ro

du
ct

s. 
St

ud
y 

Re
gi

st
ra

tio
n:

 IS
RC

TN
80

65
19

09
.

C
lin

ic
al

H
ea

lth
 O

ut
co

m
es

R
es

pi
ra

to
ry

 F
un

ct
io

n 
an

d 
Ph

ys
ic

al
 

C
ap

ac
ity

 in
 C

om
bu

st
ib

le
 C

ig
ar

et
te

s 
an

d 
H

ea
te

d 
To

ba
cc

o 
Pr

od
uc

ts
 U

se
rs

: a
 

Tw
o-

Y
ea

r F
ol

lo
w

-U
p 

C
oh

or
t S

tu
dy

Sh
ar

m
an

, A
.; 

Y
er

m
ak

ov
a,

 
I.;

 E
re

nc
hi

na
, E

.; 
Ty

ul
eb

ek
ov

a,
 G

.; 
B

ek
zh

an
ov

a,
 A

.

G
lo

ba
l J

ou
rn

al
 o

f 
R

es
pi

ra
to

ry
 C

ar
e

20
21

-1
1-

12

 B
ac

kg
ro

un
d:

 C
ig

ar
et

te
 sm

ok
in

g 
is 

th
e 

m
os

t c
om

m
on

 ri
sk

 fa
ct

or
 fo

r c
hr

on
ic

 o
bs

tru
ct

iv
e 

pu
lm

on
ar

y 
di

se
as

e 
(C

O
PD

), 
w

hi
ch

 is
 

th
e 

fo
ur

th
 le

ad
in

g 
ca

us
e 

of
 d

ea
th

 in
 K

az
ak

hs
ta

n.
 P

rio
r l

ite
ra

tu
re

 su
gg

es
ts

 th
at

 h
ea

te
d 

to
ba

cc
o 

pr
od

uc
ts

 (H
TP

) m
ig

ht
 b

e 
a 

be
tte

r o
pt

io
n 

fo
r p

eo
pl

e 
w

ho
 c

an
no

t q
ui

t s
m

ok
in

g.
 T

he
 a

im
 o

f t
hi

s p
ap

er
 w

as
 to

 a
na

ly
ze

 th
e 

lo
ng

-te
rm

 e
ffe

ct
s o

f s
hi

fti
ng

 to
 

H
TP

 u
se

 c
om

pa
re

d 
to

 c
on

tin
ue

d 
co

m
bu

st
ib

le
 c

ig
ar

et
te

s (
C

C)
 u

se
 in

 lo
ng

-te
rm

 sm
ok

er
s.

M
et

ho
ds

: A
 c

oh
or

t o
f 1

20
0 

pa
rti

ci
pa

nt
s (

40
0 

H
TP

 a
nd

 8
00

 C
C

) a
ge

d 
40

-5
9 

ye
ar

s w
ith

 a
 m

in
im

um
 o

f 1
0 

pa
ck

-y
ea

r s
m

ok
in

g 
hi

st
or

y 
w

er
e 

re
cr

ui
te

d.
 T

he
 fu

nc
tio

na
l o

ut
co

m
es

 c
om

pa
re

d 
be

tw
ee

n 
H

TP
 a

nd
 C

C
 u

se
rs

 in
cl

ud
ed

: (
1)

 C
O

PD
 A

ss
es

sm
en

t T
es

t 
(C

A
T)

; (
2)

 p
os

t-b
ro

nc
ho

di
la

to
r l

un
g 

fu
nc

tio
n;

 (3
) 6

-m
in

ut
e 

w
al

ki
ng

 d
ist

an
ce

 (6
M

W
D

) t
es

t; 
an

d 
(4

) m
et

ab
ol

ic
 sy

nd
ro

m
e 

co
m

po
ne

nt
s. 

M
ul

tiv
ar

ia
bl

e 
lin

ea
r m

ix
ed

 m
od

el
s w

er
e 

us
ed

 to
 te

st
 a

ss
oc

ia
tio

ns
 b

et
w

ee
n 

he
al

th
 o

ut
co

m
es

 a
nd

 sm
ok

in
g 

ty
pe

 
(H

TP
 v

s. 
C

C)
 o

ve
r t

im
e.

R
es

ul
ts

: A
fte

r 2
4-

m
on

th
 1

88
 (1

17
 C

C
 u

se
rs

 a
nd

 7
1 

H
TP

 u
se

rs
) p

ar
tic

ip
an

ts
 w

er
e 

lo
st

 to
 fo

llo
w

-u
p,

 w
hi

le
 1

07
 (9

%
) 

pa
rti

ci
pa

nt
s q

ui
t s

m
ok

in
g.

 T
he

 lo
ss

 to
 fo

llo
w

-u
p 

w
as

 si
m

ila
r i

n 
bo

th
 g

ro
up

s w
ith

 1
5%

 fo
r C

C
 u

se
rs

 a
nd

 1
8%

 fo
r H

TP
 u

se
rs

. 
Li

ne
r m

ix
ed

 m
od

el
s s

ho
w

ed
 H

TP
 u

se
 w

as
 a

ss
oc

ia
te

d 
w

ith
 le

ss
er

 d
ec

re
as

e 
in

 fu
nc

tio
na

l o
ut

co
m

es
 o

ve
r t

im
e 

co
m

pa
re

d 
to

 C
C

 
us

er
s. 

Lu
ng

 fu
nc

tio
n 

de
cr

ea
se

 w
as

 si
gn

ifi
ca

nt
ly

 le
ss

 in
 H

TP
 u

se
rs

, w
hi

le
 C

A
T 

sc
or

es
, w

ai
st

 c
irc

um
fe

re
nc

e,
 a

nd
 sy

st
ol

ic
 b

lo
od

 
pr

es
su

re
 w

er
e 

sig
ni

fic
an

tly
 b

et
te

r c
om

pa
re

d 
to

 C
C

 u
se

rs
.

C
on

cl
us

io
n:

 T
hi

s s
tu

dy
 d

em
on

st
ra

te
d 

th
at

 w
hi

le
 b

ot
h 

C
C

 a
nd

 H
TP

 u
se

rs
 e

xp
er

ie
nc

ed
 d

ec
re

as
e 

in
 lu

ng
 fu

nc
tio

n,
 H

TP
 u

se
rs

 
ex

pe
rie

nc
ed

 it
 to

 a
 si

gn
ifi

ca
nt

ly
 le

ss
er

 d
eg

re
e,

 w
hi

le
 d

em
on

st
ra

tin
g 

be
tte

r C
A

T 
sc

or
e 

an
d 

ph
ys

ic
al

 c
ha

ra
ct

er
ist

ic
s c

om
pa

re
d 

to
 

C
C

 u
se

rs
. T

he
 re

su
lts

 o
f t

hi
s s

tu
dy

 su
gg

es
t t

ha
t H

TP
 m

ig
ht

 b
e 

a 
le

ss
 d

el
et

er
io

us
 a

lte
rn

at
iv

e 
co

m
pa

re
d 

to
 C

C
 in

 p
eo

pl
e 

w
ith

 
lo

ng
 h

ist
or

y 
of

 C
C

 u
se

 a
nd

 w
ho

 c
an

no
t q

ui
t s

m
ok

in
g.



In
do

or
 A

ir 
Q

ua
lit

y

C
om

pa
ris

on
 o

f t
he

 e
ffe

ct
s o

f t
hr

ee
 

ty
pe

s o
f h

ea
tin

g 
to

ba
cc

o 
sy

st
em

 a
nd

 
co

nv
en

tio
na

l c
ig

ar
et

te
s o

n 
in

do
or

 a
ir 

qu
al

ity

En
om

ot
o,

 Y
.; 

Im
ai

, R
.; 

N
an

jo
, K

.; 
Fu

ka
i, 

Y
.; 

Is
hi

ka
w

a,
 K

.; 
K

ot
ak

i, 
M

.
SN

 A
pp

lie
d 

Sc
ie

nc
es

20
21

-1
2-

07

En
vi

ro
nm

en
ta

l t
ob

ac
co

 sm
ok

e 
(E

TS
) f

ro
m

 c
on

ve
nt

io
na

l c
ig

ar
et

te
s i

s r
ep

or
te

d 
to

 a
ffe

ct
 in

do
or

 a
ir 

qu
al

ity
 (I

A
Q

) i
n 

va
rio

us
 

re
al

 in
do

or
 e

nv
iro

nm
en

ts
. R

ec
en

tly
, J

ap
an

 T
ob

ac
co

 In
c.

 in
tro

du
ce

d 
th

re
e 

ty
pe

s o
f t

ob
ac

co
 p

ro
du

ct
 th

at
 a

re
 h

ea
te

d 
ra

th
er

 th
an

 
co

m
bu

st
ed

. T
he

se
 c

om
pr

ise
 o

ne
 d

ire
ct

 h
ea

tin
g 

to
ba

cc
o 

sy
st

em
 a

nd
 tw

o 
in

-d
ire

ct
 h

ea
tin

g 
to

ba
cc

o 
sy

st
em

s. 
In

 th
is 

st
ud

y,
 th

e 
im

pa
ct

 o
f u

sin
g 

th
es

e 
pr

od
uc

ts
 o

n 
IA

Q
 w

as
 e

va
lu

at
ed

 in
 a

n 
en

vi
ro

nm
en

ta
lly

 c
on

tro
lle

d 
ch

am
be

r. 
Tw

o 
en

vi
ro

nm
en

ta
l 

co
nd

iti
on

s, 
sim

ul
at

in
g 

re
st

au
ra

nt
 a

nd
 re

sid
en

tia
l s

pa
ce

s, 
w

er
e 

ex
am

in
ed

. U
nd

er
 th

e 
sa

m
e 

co
nd

iti
on

s, 
ci

ga
re

tte
 sm

ok
in

g 
an

d 
th

e 
pr

es
en

ce
 o

f p
eo

pl
e 

on
ly

 w
er

e 
us

ed
 a

s p
os

iti
ve

 a
nd

 n
eg

at
iv

e 
co

nt
ro

ls,
 re

sp
ec

tiv
el

y.
 T

he
 in

do
or

 a
ir 

co
nc

en
tra

tio
ns

 o
f 4

8 
co

ns
tit

ue
nt

s (
to

ba
cc

o-
sp

ec
ifi

c 
ni

tro
sa

m
in

es
, c

ar
bo

ny
ls,

 v
ol

at
ile

 o
rg

an
ic

 c
om

po
un

ds
, t

ot
al

 v
ol

at
ile

 o
rg

an
ic

 c
om

po
un

ds
, 

po
ly

cy
cl

ic
 a

ro
m

at
ic

 h
yd

ro
ca

rb
on

, p
ol

yc
yc

lic
 a

ro
m

at
ic

 a
m

in
es

, m
er

cu
ry

, m
et

al
s, 

ET
S 

m
ar

ke
rs

, p
ro

py
le

ne
 g

ly
co

l, 
gl

yc
er

ol
, 

ca
rb

on
 m

on
ox

id
e,

 c
ar

bo
n 

di
ox

id
e,

 su
sp

en
de

d 
pa

rti
cl

e 
m

at
te

r, 
am

m
on

ia
, a

nd
 n

itr
og

en
 o

xi
de

s)
 w

er
e 

m
ea

su
re

d.
 C

om
pa

re
d 

w
ith

 
th

e 
pr

es
en

ce
 o

f p
eo

pl
e,

 th
e 

co
nc

en
tra

tio
ns

 o
f s

om
e 

co
ns

tit
ue

nt
s w

er
e 

ac
tu

al
ly

 in
cr

ea
se

d 
w

he
n 

us
in

g 
he

at
in

g 
to

ba
cc

o 
pr

od
uc

ts
 

un
de

r b
ot

h 
en

vi
ro

nm
en

ta
l c

on
di

tio
ns

, s
im

ul
at

in
g 

re
st

au
ra

nt
 a

nd
 re

sid
en

tia
l s

pa
ce

s. 
H

ow
ev

er
, t

he
 c

on
st

itu
en

t c
on

ce
nt

ra
tio

ns
 

w
er

e 
lo

w
er

 th
an

 th
os

e 
ob

ta
in

ed
 b

y 
ci

ga
re

tte
 sm

ok
in

g,
 e

xc
ep

t f
or

 p
ro

py
le

ne
 g

ly
co

l a
nd

 g
ly

ce
ro

l, 
an

d 
be

lo
w

 th
e 

ex
po

su
re

 li
m

its
 

fo
r c

on
st

itu
en

ts
 in

 a
ir,

 a
s d

ef
in

ed
 b

y 
ai

r q
ua

lit
y 

gu
id

el
in

es
 o

r r
eg

ul
at

io
ns

. B
as

ed
 o

n 
th

es
e 

da
ta

, t
he

 u
se

 o
f h

ea
tin

g 
to

ba
cc

o 
sy

st
em

s i
n 

ap
pr

op
ria

te
 in

do
or

 e
nv

iro
nm

en
ts

 h
as

 le
ss

 im
pa

ct
s c

om
pa

re
d 

to
 c

on
ve

nt
io

na
l c

ig
ar

et
te

s.

Po
pu

la
tio

n 
M

od
el

in
g

In
ve

st
ig

at
in

g 
th

e 
H

ea
lth

 E
ffe

ct
s o

f 3
 

C
oe

xi
st

in
g 

To
ba

cc
o-

R
el

at
ed

 P
ro

du
ct

s 
U

sin
g 

Sy
st

em
 D

yn
am

ic
s P

op
ul

at
io

n 
M

od
el

in
g:

 A
n 

Ita
lia

n 
Po

pu
la

tio
n 

C
as

e 
St

ud
y

Ca
m

ac
ho

, O
. M

.; 
H

ill
, A

.; 
Fi

eb
el

ko
rn

, S
.; 

W
ill

ia
m

s, 
A

.; 
M

ur
ph

y,
 J.

Fr
on

t P
ub

lic
 H

ea
lth

20
21

-1
1-

16

W
ith

 th
e 

pr
ol

ife
ra

tio
n 

of
 to

ba
cc

o 
pr

od
uc

ts
, t

he
re

 m
ig

ht
 b

e 
a 

ne
ed

 fo
r m

or
e 

co
m

pl
ex

 m
od

el
s t

ha
n 

cu
rr

en
t t

w
o-

pr
od

uc
t m

od
el

s. 
W

e 
ha

ve
 d

ev
el

op
ed

 a
 th

re
e-

pr
od

uc
t m

od
el

 a
bl

e 
to

 re
pr

es
en

t i
nt

er
ac

tio
ns

 b
et

w
ee

n 
th

re
e 

pr
od

uc
ts

 in
 th

e 
m

ar
ke

tp
la

ce
. W

e 
al

so
 

in
ve

st
ig

at
e 

if 
us

in
g 

se
ve

ra
l i

m
pl

em
en

ta
tio

ns
 o

f t
w

o-
pr

od
uc

t m
od

el
s c

ou
ld

 p
ro

vi
de

 su
ffi

ci
en

t i
nf

or
m

at
io

n 
to

 a
ss

es
s 3

 c
oe

xi
st

in
g 

pr
od

uc
ts

. I
ta

ly
 is

 u
se

d 
as

 c
as

e-
st

ud
y 

w
ith

 T
H

Ps
 a

nd
 e

-c
ig

ar
et

te
s a

s t
he

 p
ro

du
ct

s u
nd

er
 in

ve
st

ig
at

io
n.

 W
e 

us
e 

tra
ns

iti
on

s r
at

es
 

es
tim

at
ed

 fo
r T

H
Ps

 in
 Ja

pa
n 

an
d 

e-
ci

ga
re

tte
s i

n 
th

e 
U

SA
 to

 p
ro

je
ct

 w
ha

t c
ou

ld
 h

ap
pe

n 
if 

th
e 

Ita
lia

n 
po

pu
la

tio
n 

w
er

e 
to

 
be

ha
ve

 a
s t

he
 Ja

pa
ne

se
 fo

r T
H

P 
or

 U
SA

 fo
r e

-c
ig

ar
et

te
s. 

Re
su

lts
 su

gg
es

t t
ha

t t
hr

ee
-p

ro
du

ct
 m

od
el

s m
ay

 b
e 

hi
nd

er
ed

 b
y 

da
ta

 
av

ai
la

bi
lit

y 
w

hi
le

 tw
o 

pr
od

uc
t m

od
el

s c
ou

ld
 m

iss
 p

ot
en

tia
l s

yn
er

gi
es

 b
et

w
ee

n 
pr

od
uc

ts
. B

ot
h,

 T
H

P 
an

d 
E-

C
ig

ar
et

te
 sc

en
ar

io
s, 

le
d 

to
 re

du
ct

io
n 

in
 li

fe
-y

ea
rs

 lo
st

 a
lth

ou
gh

 th
e 

Ja
pa

ne
se

 T
H

P 
sc

en
ar

io
 re

du
ct

io
ns

 w
er

e 
3 

tim
es

 la
rg

er
 th

an
 th

e 
U

SA
 e

-c
ig

ar
et

te
 

pr
oj

ec
tio

ns
.

Po
pu

la
tio

n 
M

od
el

in
g

M
od

el
in

g 
th

e 
Po

pu
la

tio
n 

H
ea

lth
 

Im
pa

ct
s o

f H
ea

te
d 

To
ba

cc
o 

Pr
od

uc
ts

 
in

 Ja
pa

n

C
am

ac
ho

, O
sc

ar
 M

.; 
H

ill
, 

A
nd

re
w

; F
ie

be
lk

or
n,

 
St

ac
y;

 Jo
ne

s, 
Jo

sh
ua

 D
.; 

Pr
as

ad
, K

ris
hn

a;
 P

ro
ct

or
, 

Ch
ris

to
ph

er
; M

ur
ph

y,
 

Ja
m

es

To
ba

cc
o 

R
eg

ul
at

or
y 

Sc
ie

nc
e

20
21

-0
5-

01

O
bj

ec
tiv

e:
 W

e 
ev

al
ua

te
d 

th
e 

po
te

nt
ia

l p
op

ul
at

io
n 

he
al

th
 im

pa
ct

 o
f l

au
nc

hi
ng

 h
ea

te
d 

to
ba

cc
o 

pr
od

uc
ts

 (H
TP

) i
n 

Ja
pa

n.
 

M
et

ho
d:

 W
e 

us
e 

a 
m

od
el

in
g 

ap
pr

oa
ch

 to
 p

ro
je

ct
 th

e 
ef

fe
ct

s o
f H

TP
 u

se
 in

 o
ve

ra
ll 

m
or

ta
lit

y 
up

 to
 2

10
0 

an
d 

co
m

pa
re

 th
os

e 
pr

oj
ec

tio
ns

 a
ga

in
st

 a
 b

as
el

in
e 

sc
en

ar
io

 b
as

ed
 o

n 
sm

ok
in

g 
ra

te
s p

re
-H

TP
 la

un
ch

, i
e,

 sm
ok

in
g 

on
ly

. T
he

 m
od

el
 w

as
 in

fo
rm

ed
 

us
in

g 
da

ta
 fr

om
 p

ub
lic

ly
 a

va
ila

bl
e 

so
ur

ce
s a

nd
 th

e 
lit

er
at

ur
e,

 in
cl

ud
in

g 
po

pu
la

tio
n 

siz
e,

 y
ea

rly
 d

ea
th

s, 
an

d 
sm

ok
in

g 
pr

ev
al

en
ce

 
w

ith
 th

e 
in

iti
al

 y
ea

r o
f 2

00
4,

 a
nd

 b
irt

hs
 a

nd
 m

ig
ra

tio
n 

fro
m

 2
00

4 
to

 2
06

5.
 T

ra
ns

iti
on

s b
et

w
ee

n 
pr

od
uc

ts
 w

er
e 

es
tim

at
ed

 fr
om

 
cr

os
s-

se
ct

io
na

l p
op

ul
at

io
n 

su
rv

ey
s i

n 
Ja

pa
n.

 R
es

ul
t: 

In
 a

 w
or

st
-c

as
e 

sc
en

ar
io

, p
op

ul
at

io
n 

he
al

th
 g

ai
ns

 w
ou

ld
 b

e 
se

en
 w

ith
 

H
TP

s r
isk

 a
bo

ut
 5

0%
 lo

w
er

 ri
sk

 th
an

 sm
ok

in
g.

 A
ss

um
in

g 
eq

ua
l r

isk
 fo

r d
ua

l u
se

 a
nd

 sm
ok

in
g,

 H
TP

 ri
sk

 w
ou

ld
 n

ee
d 

to
 b

e 
at

 
le

as
t 1

0%
 lo

w
er

 th
an

 sm
ok

in
g 

to
 a

ch
ie

ve
 a

 p
op

ul
at

io
n 

he
al

th
 b

en
ef

it 
by

 2
10

0.
 P

ot
en

tia
l r

ed
uc

tio
n 

in
 li

fe
-y

ea
rs

 lo
st

 w
ith

 th
e 

in
tro

du
ct

io
n 

of
 H

TP
s w

as
 1

3 
m

ill
io

n 
by

 2
10

0 
co

m
pa

re
d 

w
ith

 sm
ok

in
g 

on
ly

. C
on

cl
us

io
ns

: I
n 

cr
ed

ib
le

 sc
en

ar
io

s, 
su

bs
ta

nt
ia

l 
po

pu
la

tio
n 

ha
rm

 re
du

ct
io

n 
w

ill
 fo

llo
w

 th
e 

in
tro

du
ct

io
n 

of
 H

TP
s i

n 
Ja

pa
n.

Pr
e 

C
lin

ic
al

 T
ox

ic
ol

og
y

A
pp

lic
at

io
n 

of
 T

ox
Tr

ac
ke

r f
or

 th
e 

to
xi

co
lo

gi
ca

l a
ss

es
sm

en
t o

f t
ob

ac
co

 
an

d 
ni

co
tin

e 
de

liv
er

y 
pr

od
uc

ts

Sm
ar

t, 
D

. E
.; 

B
oz

hi
lo

va
, 

S.
; M

ia
zz

i, 
F.

; H
as

w
el

l, 
L.

 
E.

; G
ac

a,
 M

. D
.; 

Th
or

ne
, 

D
.; 

B
re

he
ny

, D
.

To
xi

co
ly

 L
et

te
rs

20
22

-0
1-

19

C
on

su
m

er
 d

em
an

ds
 a

nd
 in

no
va

tio
n 

ha
ve

 le
d 

to
 a

n 
in

cr
ea

sin
gl

y 
di

ve
rs

e 
ra

ng
e 

of
 n

ic
ot

in
e 

de
liv

er
y 

sy
st

em
s, 

dr
iv

en
 b

y 
a 

de
sir

e 
to

 
re

du
ce

 ri
sk

 a
ss

oc
ia

te
d 

w
ith

 tr
ad

iti
on

al
 c

om
bu

st
ib

le
 c

ig
ar

et
te

s. 
Th

is 
sp

ee
d 

of
 c

ha
ng

e 
pr

ov
id

es
 a

 m
an

da
te

 fo
r r

ap
id

 n
ew

 p
ro

du
ct

 
as

se
ss

m
en

t. 
W

e 
ha

ve
 u

se
d 

th
e 

va
lid

at
ed

 te
ch

no
lo

gy
 T

ox
Tr

ac
ke

r®
, t

o 
as

se
ss

 b
io

m
ar

ke
rs

 o
f D

N
A

 d
am

ag
e,

 p
ro

te
in

 m
isf

ol
di

ng
, 

ox
id

at
iv

e 
an

d 
ce

llu
la

r s
tre

ss
, a

cr
os

s t
he

 c
at

eg
or

ie
s o

f c
ig

ar
et

te
 (1

R6
F)

, t
ob

ac
co

 h
ea

tin
g 

pr
od

uc
t (

TH
P1

.4
) a

nd
 e

le
ct

ro
ni

c 
ci

ga
re

tte
 (e

Pe
n 

3)
. I

n 
ad

di
tio

n,
 w

e 
co

m
pa

re
d 

th
e 

co
m

m
on

ly
 u

se
d 

te
st

 m
at

ric
es

 fo
r t

ob
ac

co
 a

nd
 n

ic
ot

in
e 

pr
od

uc
ts

; w
ho

le
 

ae
ro

so
l a

qu
eo

us
 e

xt
ra

ct
s (

A
qE

) a
nd

 g
as

 v
ap

ou
r p

ha
se

 (G
V

P)
, d

et
er

m
in

in
g 

th
ei

r s
ui

ta
bi

lit
y 

ac
ro

ss
 th

e 
pr

od
uc

t c
at

eg
or

ie
s. 

W
e 

de
m

on
st

ra
te

d 
a 

sig
ni

fic
an

t r
ed

uc
tio

n 
in

 o
xi

da
tiv

e 
st

re
ss

 a
nd

 c
yt

ot
ox

ic
ity

 fo
r T

H
P1

.4
 o

ve
r c

ig
ar

et
te

, f
ur

th
er

 re
du

ce
d 

fo
r e

Pe
n 

3,
 w

he
n 

as
se

ss
ed

 b
y 

bo
th

 d
ilu

tio
n 

an
d 

ni
co

tin
e 

do
sim

et
ry

. W
e 

al
so

 id
en

tif
ie

d 
th

at
 w

hi
le

 th
e 

ex
tra

ct
io

n 
m

at
ric

es
 A

qE
 a

nd
 G

V
P 

fro
m

 c
om

bu
st

ib
le

 p
ro

du
ct

s w
er

e 
eq

ui
va

le
nt

 in
 th

e 
in

du
ce

d 
re

sp
on

se
s, 

th
is 

w
as

 n
ot

 tr
ue

 o
f t

he
 o

th
er

 c
at

eg
or

y 
ex

am
pl

es
, 

m
or

eo
ve

r T
H

P 
G

V
P 

de
m

on
st

ra
te

s a
 >

50
 %

 re
du

ct
io

n 
in

 b
ot

h 
to

xi
ci

ty
 a

nd
 c

yt
ot

ox
ic

ity
 e

nd
po

in
ts

 o
ve

r A
qE

. T
hi

s i
nd

ic
at

es
 

th
at

 u
nl

ik
e 

ci
ga

re
tte

, t
he

 a
ct

iv
e 

co
m

po
ne

nt
s o

r t
ox

ic
an

ts
 fo

r T
H

P 
an

d 
el

ec
tro

ni
c 

ci
ga

re
tte

 (e
C

ig
) a

re
 a

ss
oc

ia
te

d 
w

ith
 th

e 
ae

ro
so

l f
ra

ct
io

n 
of

 th
es

e 
ca

te
go

rie
s.



Pr
e 

C
lin

ic
al

 T
ox

ic
ol

og
y

C
om

pa
ra

tiv
e 

st
ud

y 
of

 th
e 

ef
fe

ct
s o

f 
ci

ga
re

tte
 sm

ok
e 

ve
rs

us
 n

ex
t g

en
er

at
io

n 
to

ba
cc

o 
an

d 
ni

co
tin

e 
pr

od
uc

t e
xt

ra
ct

s 
on

 e
nd

ot
he

lia
l f

un
ct

io
n

G
ie

be
, S

.; 
H

of
m

an
n,

 A
.; 

B
ru

x,
 M

.; 
Lo

w
e,

 F
.; 

B
re

he
ny

, D
.; 

M
or

aw
ie

tz
, 

H
.; 

B
ru

ns
se

n,
 C

.

R
ed

ox
 B

io
l

20
21

-0
9-

26

To
ba

cc
o 

sm
ok

in
g 

an
d 

he
m

od
yn

am
ic

 fo
rc

es
 a

re
 k

ey
 st

im
ul

i f
or

 th
e 

de
ve

lo
pm

en
t o

f e
nd

ot
he

lia
l d

ys
fu

nc
tio

n.
 A

s a
n 

al
te

rn
at

iv
e 

to
 sm

ok
in

g,
 n

ex
t g

en
er

at
io

n 
to

ba
cc

o 
an

d 
ni

co
tin

e 
pr

od
uc

ts
 (N

G
P)

 a
re

 n
ow

 w
id

el
y 

us
ed

. H
ow

ev
er

, l
itt

le
 is

 k
no

w
n 

ab
ou

t t
he

ir 
po

te
nt

ia
l p

ro
-in

fla
m

m
at

or
y 

an
d 

at
he

ro
ge

ni
c 

ef
fe

ct
s o

n 
th

e 
en

do
th

el
iu

m
. I

n 
th

is 
st

ud
y,

 w
e 

an
al

yz
ed

 k
ey

 p
ar

am
et

er
s o

f 
en

do
th

el
ia

l f
un

ct
io

n 
af

te
r e

xp
os

ur
e 

to
 a

qu
eo

us
 sm

ok
e 

ex
tra

ct
s (

A
qE

) o
f a

 h
ea

te
d 

to
ba

cc
o 

pr
od

uc
t (

H
TP

), 
an

 e
le

ct
ro

ni
c 

ci
ga

re
tte

 (e
-c

ig
), 

a 
co

nv
en

tio
na

l c
ig

ar
et

te
 (3

R
4F

) a
nd

 p
ur

e 
ni

co
tin

e.
 A

ll 
ex

pe
rim

en
ts

 w
er

e 
pe

rfo
rm

ed
 u

nd
er

 a
th

er
op

ro
te

ct
iv

e 
hi

gh
 la

m
in

ar
 o

r a
th

er
og

en
ic

 lo
w

 fl
ow

 w
ith

 p
rim

ar
y 

hu
m

an
 e

nd
ot

he
lia

l c
el

ls.
 T

re
at

m
en

t w
ith

 3
R

4F
, b

ut
 n

ot
 a

lte
rn

at
iv

e 
sm

ok
in

g 
pr

od
uc

ts
, r

ed
uc

ed
 e

nd
ot

he
lia

l c
el

l v
ia

bi
lit

y 
an

d 
w

ou
nd

 h
ea

lin
g 

ca
pa

bi
lit

y 
vi

a 
th

e 
PI

3K
/A

K
T/

eN
O

S(
N

O
S3

) p
at

hw
ay

. L
am

in
ar

 
flo

w
 d

el
ay

ed
 d

et
rim

en
ta

l e
ffe

ct
s o

n 
ce

ll 
vi

ab
ili

ty
 b

y 
3R

4F
 tr

ea
tm

en
t. 

3R
4F

 st
im

ul
at

io
n 

le
d 

to
 a

ct
iv

at
io

n 
of

 N
RF

2 
an

tio
xi

da
nt

 

ni
co

tin
e 

ex
po

su
re

 h
ad

 n
o 

im
pa

ct
. A

na
ly

se
s o

f p
ro

-in
fla

m
m

at
or

y 
ge

ne
s r

ev
ea

le
d 

an
 in

cr
ea

se
d 

IC
A

M
1 

ex
pr

es
sio

n 
un

de
r 3

R
4F

 
tre

at
m

en
t. 

3R
4F

 re
du

ce
d 

V
CA

M
1 

ex
pr

es
sio

n 
in

 a
 d

os
e-

de
pe

nd
en

t m
an

ne
r; 

H
TP

 tr
ea

tm
en

t h
ad

 si
m

ila
r b

ut
 m

ild
er

 e
ffe

ct
s; 

e-
ci

g 
an

d 
ni

co
tin

e 
tre

at
m

en
t h

ad
 n

o 
im

pa
ct

. S
EL

E 
ex

pr
es

sio
n 

w
as

 in
du

ce
d 

by
 3

R
4F

 u
nd

er
 st

at
ic

 c
on

di
tio

ns
. H

ig
h 

la
m

in
ar

 fl
ow

 
pr

ev
en

te
d 

th
is 

up
re

gu
la

tio
n.

 S
tim

ul
at

io
n 

w
ith

 la
m

in
ar

 fl
ow

 le
d 

to
 d

ow
nr

eg
ul

at
io

n 
of

 C
C

L2
 (M

C
P-

1)
. F

ro
m

 th
is 

do
w

nr
eg

ul
at

ed
 le

ve
l, 

on
ly

 3
R

4F
 in

cr
ea

se
d 

C
C

L2
 e

xp
re

ss
io

n 
at

 h
ig

he
r c

on
ce

nt
ra

tio
ns

. F
in

al
ly

, u
nd

er
 st

at
ic

 c
on

di
tio

ns
, a

ll 
co

m
po

ne
nt

s i
nc

re
as

ed
 a

dh
es

io
n 

of
 m

on
oc

yt
es

 to
 e

nd
ot

he
lia

l c
el

ls.
 In

te
re

st
in

gl
y,

 o
nl

y 
st

im
ul

at
io

n 
w

ith
 3

R
4F

 re
ve

al
ed

 
in

cr
ea

se
d 

m
on

oc
yt

e 
ad

he
sio

n 
un

de
r a

th
er

os
cl

er
os

is-
pr

on
e 

lo
w

 fl
ow

. I
n 

co
nc

lu
sio

n,
 a

ll 
pr

od
uc

t c
at

eg
or

ie
s a

ct
iv

at
ed

 a
nt

i-
ox

id
at

iv
e 

or
 p

ro
-in

fla
m

m
at

or
y 

pa
tte

rn
s. 

N
G

P 
re

sp
on

se
s w

er
e 

ty
pi

ca
lly

 lo
w

er
 th

an
 in

 3
R4

F 
ex

po
se

d 
ce

lls
. A

lso
, 3

R
4F

 
st

im
ul

at
io

n 
le

d 
to

 a
n 

im
pa

ire
d 

en
do

th
el

ia
l w

ou
nd

 h
ea

lin
g 

an
d 

in
du

ce
d 

a 
pr

o-
in

fla
m

m
at

or
y 

ph
en

ot
yp

e 
co

m
pa

re
d 

to
 N

G
P 

tre
at

m
en

t.

Pr
e 

C
lin

ic
al

 T
ox

ic
ol

og
y

U
se

 o
f a

 ra
pi

d 
hu

m
an

 p
rim

ar
y 

ce
ll-

ba
se

d 
di

se
as

e 
sc

re
en

in
g 

m
od

el
, t

o 
co

m
pa

re
 n

ex
t g

en
er

at
io

n 
pr

od
uc

ts
 to

 
co

m
bu

st
ib

le
 c

ig
ar

et
te

s

L.
 S

im
m

s; 
E.

 M
as

on
; E

. 
L.

 B
er

g;
 F

. Y
u;

 K
. R

ud
d;

 
L.

 C
ze

ka
la

; E
. T

re
lle

s 
St

ic
ke

n;
 O

. B
rin

st
er

; R
. 

W
ie

cz
or

ek
; M

. S
te

ve
ns

on
; 

T.
 W

al
el

e

C
ur

r R
es

 T
ox

ic
ol

20
21

-0
8-

17

A
 g

ro
w

in
g 

nu
m

be
r o

f p
ub

lic
 h

ea
lth

 b
od

ie
s, 

re
gu

la
to

rs
 a

nd
 g

ov
er

nm
en

ts
 a

ro
un

d 
th

e 
w

or
ld

 c
on

sid
er

 e
le

ct
ro

ni
c 

va
po

r p
ro

du
ct

s 
a 

lo
w

er
 ri

sk
 a

lte
rn

at
iv

e 
to

 c
on

ve
nt

io
na

l c
ig

ar
et

te
s. 

O
f c

rit
ic

al
 im

po
rta

nc
e 

ar
e 

ra
pi

d 
ne

w
 a

pp
ro

ac
h 

m
et

ho
do

lo
gi

es
 to

 e
na

bl
e 

th
e 

sc
re

en
in

g 
of

 n
ex

t g
en

er
at

io
n 

pr
od

uc
ts

 (N
G

Ps
) a

lso
 k

no
w

n 
as

 n
ex

t g
en

er
at

io
n 

to
ba

cc
o 

an
d 

ni
co

tin
e 

pr
od

uc
ts

. I
n 

th
is 

st
ud

y,
 th

e 
ac

tiv
ity

 o
f c

on
ve

nt
io

na
l c

ig
ar

et
te

 (3
R

4F
) s

m
ok

e 
an

d 
a 

ra
ng

e 
of

 N
G

P 
ae

ro
so

ls 
(h

ea
te

d 
to

ba
cc

o 
pr

od
uc

t, 
hy

br
id

 p
ro

du
ct

 a
nd

 
el

ec
tro

ni
c 

va
po

r p
ro

du
ct

) c
ap

tu
re

d 
in

 p
ho

sp
ha

te
 b

uf
fe

re
d 

sa
lin

e,
 w

er
e 

sc
re

en
ed

 b
y 

ex
po

sin
g 

a 
pa

ne
l o

f h
um

an
 c

el
l-b

as
ed

 
m

od
el

 sy
st

em
s u

sin
g 

Bi
ol

og
ic

al
ly

 M
ul

tip
le

xe
d 

A
ct

iv
ity

 P
ro

fil
in

g 
(B

io
M

A
P®

 D
iv

er
sit

y 
PL

U
S®

 P
an

el
, E

ur
of

in
s D

isc
ov

er
y)

. 
Fo

llo
w

in
g 

ex
po

su
re

, t
he

 b
io

lo
gi

ca
l a

ct
iv

ity
 fo

r a
 w

id
e 

ra
ng

e 
of

 b
io

m
ar

ke
rs

 in
 th

e 
B

io
M

A
P 

pa
ne

l w
er

e 
co

m
pa

re
d 

to
 d

et
er

m
in

e 
th

e 
pr

es
en

ce
 o

f t
ox

ic
ity

 si
gn

at
ur

es
 th

at
 a

re
 a

ss
oc

ia
te

d 
w

ith
 sp

ec
ifi

c 
cl

in
ic

al
 fi

nd
in

gs
. N

G
P 

ae
ro

so
ls 

w
er

e 
fo

un
d 

to
 b

e 
w

ea
kl

y 
ac

tiv
e 

in
 th

e 
B

io
M

A
P 

D
iv

er
sit

y 
PL

U
S 

Pa
ne

l (
bi

om
ar

ke
rs

). 
To

xi
ci

ty
 a

ss
oc

ia
te

d 
bi

om
ar

ke
r s

ig
na

tu
re

s f
or

 3
R

4F
 in

cl
ud

ed
 im

m
un

os
up

pr
es

sio
n,

 sk
in

 ir
rit

at
io

n 
an

d 
th

ro
m

bo
sis

, 
w

ith
 n

o 
to

xi
ci

ty
 si

gn
at

ur
es

 se
en

 fo
r t

he
 N

G
Ps

. B
io

M
A

P 
pr

of
ili

ng
 c

ou
ld

 e
ffe

ct
iv

el
y 

be
 u

se
d 

to
 d

iff
er

en
tia

te
 b

et
w

ee
n 

co
m

pl
ex

 
m

ix
tu

re
s o

f c
ig

ar
et

te
 sm

ok
e 

or
 N

G
P 

ae
ro

so
l e

xt
ra

ct
s i

n 
a 

pa
ne

l o
f h

um
an

 p
rim

ar
y 

ce
ll-

ba
se

d 
as

sa
ys

. C
lin

ic
al

 v
al

id
at

io
n 

of
 

th
es

e 
re

su
lts

 w
ill

 b
e 

cr
iti

ca
l f

or
 c

on
fir

m
in

g 
th

e 
ut

ili
ty

 o
f B

io
M

A
P 

fo
r s

cr
ee

ni
ng

 N
G

Ps
 fo

r p
ot

en
tia

l a
dv

er
se

 h
um

an
 e

ffe
ct

s.

Pr
e 

C
lin

ic
al

 T
ox

ic
ol

og
y

Th
e 

de
ve

lo
pm

en
t o

f a
n 

in
 v

itr
o 

3D
 

m
od

el
 o

f g
ob

le
t c

el
l h

yp
er

pl
as

ia
 u

sin
g 

M
U

C
5A

C
 e

xp
re

ss
io

n 
an

d 
re

pe
at

ed
 

w
ho

le
 a

er
os

ol
 e

xp
os

ur
es

H
as

w
el

l, 
L.

 E
.; 

Sm
ar

t, 
D

.; 
Ja

un
ky

, T
.; 

B
ax

te
r, 

A
.; 

Sa
nt

op
ie

tro
, S

.; 
M

er
ed

ith
, 

S.
; C

am
ac

ho
, O

. M
.; 

B
re

he
ny

, D
.; 

Th
or

ne
, D

.; 
G

ac
a,

 M
. D

.

To
xi

co
lo

gy
 L

et
te

rs
20

21
-0

4-
20

G
ob

le
t c

el
l h

yp
er

pl
as

ia
 a

nd
 o

ve
rp

ro
du

ct
io

n 
of

 a
irw

ay
 m

uc
in

 a
re

 c
ha

ra
ct

er
ist

ic
 fe

at
ur

es
 o

f t
he

 lu
ng

 e
pi

th
el

iu
m

 o
f s

m
ok

er
s a

nd
 

C
O

PD
 p

at
ie

nt
s. 

To
ba

cc
o 

he
at

in
g 

pr
od

uc
ts

 (T
H

Ps
) a

re
 a

 p
ot

en
tia

lly
 le

ss
 ri

sk
y 

al
te

rn
at

iv
e 

to
 c

om
bu

st
ib

le
 c

ig
ar

et
te

s, 
an

d 
th

ro
ug

h 
co

nt
in

ue
d 

us
e 

so
lu

s T
H

Ps
 m

ay
 re

du
ce

 sm
ok

in
g-

re
la

te
d 

di
se

as
e 

ris
k.

 U
sin

g 
th

e 
M

uc
ilA

ir 
in

 v
itr

o 
lu

ng
 m

od
el

, a
 6

-
w

ee
k 

fe
as

ib
ili

ty
 st

ud
y 

w
as

 c
on

du
ct

ed
 in

ve
st

ig
at

in
g 

th
e 

ef
fe

ct
 o

f r
ep

ea
te

d 
ci

ga
re

tte
 sm

ok
e 

(1
R6

F)
, T

H
P 

ae
ro

so
l a

nd
 a

ir 
ex

po
su

re
. T

iss
ue

s w
er

e 
ex

po
se

d 
to

 n
ic

ot
in

e-
m

at
ch

ed
 w

ho
le

 a
er

os
ol

 d
os

es
 3

 ti
m

es
/w

ee
k.

 E
nd

po
in

ts
 a

ss
es

se
d 

w
er

e 
do

sim
et

ry
, 

tig
ht

-ju
nc

tio
n 

in
te

gr
ity

, c
ili

a 
be

at
 fr

eq
ue

nc
y 

(C
B

F)
 a

nd
 a

ct
iv

e 
ar

ea
 (A

A
), 

cy
to

ki
ne

 se
cr

et
io

n 
an

d 
ai

rw
ay

 m
uc

in
 M

U
C

5A
C

 
ex

pr
es

sio
n.

 C
om

pa
ris

on
 o

f i
nc

ub
at

or
 a

nd
 a

ir 
ex

po
se

d 
co

nt
ro

ls 
in

di
ca

te
d 

ex
po

su
re

s d
id

 n
ot

 h
av

e 
a 

sig
ni

fic
an

t e
ffe

ct
 o

n 
th

e 
tra

ns
ep

ith
el

ia
l e

le
ct

ric
al

 re
sis

ta
nc

e 
(T

EE
R

), 
C

B
F 

an
d 

A
A

 o
f t

he
 ti

ss
ue

s. 
C

yt
ok

in
e 

se
cr

et
io

n 
in

di
ca

te
d 

cl
ea

r d
iff

er
en

ce
s i

n 
se

cr
et

io
n 

pa
tte

rn
s i

n 
re

sp
on

se
 to

 1
R

6F
 a

nd
 T

H
P 

ex
po

su
re

. 1
R

6F
 e

xp
os

ur
e 

re
su

lte
d 

in
 a

 si
gn

ifi
ca

nt
 d

ec
re

as
e 

in
 th

e 
TE

ER
 a

nd
 

A
A

 (p
=0

.0
00

 a
nd

 p
=0

.0
00

, r
es

pe
ct

iv
el

y)
, a

nd
 a

n 
in

cr
ea

se
 in

 M
U

C
5A

C
 p

os
iti

ve
 c

el
ls 

(p
=0

.0
02

). 
R

ep
ea

te
d 

TH
P 

ex
po

su
re

 d
id

 
no

t r
es

ul
t i

n 
a 

sig
ni

fic
an

t c
ha

ng
e 

in
 M

U
C5

A
C

 p
os

iti
ve

 c
el

ls.
 T

hi
s s

tu
dy

 d
em

on
st

ra
te

s r
ep

ea
te

d 
ci

ga
re

tte
 sm

ok
e 

w
ho

le
 a

er
os

ol
 

ex
po

su
re

 c
an

 in
du

ce
 th

es
e 

m
or

ph
ol

og
ic

al
 c

ha
ng

es
 in

 v
itr

o.

Pr
e 

C
lin

ic
al

 T
ox

ic
ol

og
y

Ev
al

ua
tio

n 
of

 th
e 

B
io

lo
gi

ca
l E

ffe
ct

s o
f 

N
ov

el
 T

ob
ac

co
 P

ro
du

ct
 V

ap
or

 U
sin

g 
Tw

o-
 o

r T
hr

ee
-D

im
en

sio
na

l C
ul

tu
re

 
Sy

st
em

s o
f H

um
an

 B
ro

nc
hi

al
 E

pi
th

el
ia

M
or

i, 
Sa

ku
ra

; I
sh

im
or

i, 
K

an
ae

; T
an

ab
e,

 Ik
uy

a;
 

Is
hi

ka
w

a,
 S

hi
nk

ic
hi

A
pp

lie
d 

In
 V

itr
o 

To
xi

co
lo

gy
20

21
-0

3-
17

In
tro

du
ct

io
n:

 B
ec

au
se

 o
f t

he
 ri

sin
g 

po
pu

la
rit

y 
of

 n
ov

el
 to

ba
cc

o 
pr

od
uc

ts
, t

he
re

 h
as

 b
ee

n 
an

 in
cr

ea
sin

g 
in

te
re

st
 in

 th
e 

bi
ol

og
ic

al
 e

ffe
ct

s o
f t

he
se

 p
ro

du
ct

s. 
Th

is 
st

ud
y 

w
as

 p
er

fo
rm

ed
 to

 in
ve

st
ig

at
e 

th
e 

bi
ol

og
ic

al
 e

ffe
ct

s o
f v

ap
or

 fr
om

 a
 n

ov
el

 
to

ba
cc

o 
va

po
r p

ro
du

ct
 (N

TV
) i

n 
co

m
pa

ris
on

 w
ith

 c
ig

ar
et

te
 sm

ok
e 

(C
S)

 fr
om

 a
 3

R
4F

 re
fe

re
nc

e 
ci

ga
re

tte
 b

y 
us

in
g 

tw
o 

ty
pe

s 
of

 in
 v

itr
o 

m
od

el
.; 

; M
at

er
ia

ls 
an

d 
M

et
ho

ds
: A

 tw
o-

di
m

en
sio

na
l (

2D
) c

ul
tu

re
 sy

st
em

 c
om

po
se

d 
of

 a
 su

bm
er

ge
d 

m
on

ol
ay

er
 o

f 
B

EA
S-

2B
 c

el
ls 

w
as

 u
se

d 
to

 d
et

ec
t c

el
lu

la
r o

xi
da

tiv
e 

st
re

ss
 re

sp
on

se
s. 

A
 th

re
e-

di
m

en
sio

na
l (

3D
) c

ul
tu

re
 sy

st
em

 c
om

po
se

d 
of

 
a 

ps
eu

do
st

ra
tif

ie
d 

ai
r–

liq
ui

d 
in

te
rfa

ce
 c

ul
tu

re
 o

f n
or

m
al

 h
um

an
 b

ro
nc

hi
al

 e
pi

th
el

ia
l c

el
ls 

w
as

 u
se

d 
to

 d
et

ec
t t

iss
ue

 
in

fla
m

m
at

io
n.

 In
 b

ot
h 

cu
ltu

re
 sy

st
em

s, 
ex

po
su

re
s w

er
e 

co
nd

uc
te

d 
w

ith
 a

n 
aq

ue
ou

s e
xt

ra
ct

 (A
qE

) o
f N

TV
 v

ap
or

 o
r C

S.
; ;

 
R

es
ul

ts
: I

n 
th

e 
2D

 c
ul

tu
re

 sy
st

em
, e

xp
os

ur
e 

to
 C

S 
A

qE
 in

du
ce

d 
gl

ut
at

hi
on

e 
ox

id
iz

at
io

n 
an

d 
an

tio
xi

da
nt

 re
sp

on
se

 e
le

m
en

t 
re

po
rte

r g
en

e 
ac

tiv
at

io
n.

 N
TV

 v
ap

or
 A

qE
 a

lso
 in

du
ce

d 
re

po
rte

r g
en

e 
ac

tiv
ity

, b
ut

 th
e 

co
nc

en
tra

tio
n 

re
qu

ire
d 

fo
r a

ct
iv

at
io

n 
w

as
 h

ig
he

r t
ha

n 
th

at
 o

f C
S 

A
qE

. I
n 

th
e 

3D
 c

ul
tu

re
 sy

st
em

, e
xp

os
ur

e 
to

 C
S 

A
qE

 in
cr

ea
se

d 
th

e 
se

cr
et

io
n 

of
 v

ar
io

us
 

in
fla

m
m

at
or

y 
m

ed
ia

to
rs

. I
n 

co
nt

ra
st

, t
he

 e
ffe

ct
 o

f N
TV

 v
ap

or
 A

qE
 o

n 
tis

su
e 

in
fla

m
m

at
io

n 
w

as
 li

m
ite

d,
 a

nd
 o

nl
y 

in
te

rfe
ro

n-
? 

sh
ow

ed
 a

 sl
ig

ht
 in

cr
ea

se
 in

 e
xp

re
ss

io
n.

; ;
 C

on
cl

us
io

ns
: O

ve
ra

ll,
 th

es
e 

re
su

lts
 d

em
on

st
ra

te
 th

at
 N

TV
 v

ap
or

 h
as

 fe
w

er
 e

ffe
ct

s o
n 

ce
llu

la
r o

xi
da

tiv
e 

st
re

ss
 a

nd
 ti

ss
ue

 in
fla

m
m

at
or

y 
re

sp
on

se
s a

s c
om

pa
re

d 
w

ith
 C

S 
in

 in
 v

itr
o 

m
od

el
s u

sin
g 

hu
m

an
 c

el
ls.



Pr
ev

al
en

ce
 &

 U
se

 
Pa

tte
rn

s

Cr
os

s-
se

ct
io

na
l S

ur
ve

y 
to

 A
ss

es
s 

To
ba

cc
o 

an
d 

N
ic

ot
in

e 
Pr

od
uc

t U
se

 
sin

ce
 th

e 
In

tro
du

ct
io

n 
of

 T
ob

ac
co

 
H

ea
tin

g 
Pr

od
uc

ts
 in

 Ja
pa

n:
 W

av
e 

1

Jo
ne

s, 
Jo

sh
ua

 D
.; 

A
da

m
so

n,
 Ja

so
n;

 
K

an
its

ch
ei

de
r, 

C
la

ud
ia

; 
Pr

as
ad

, K
ris

hn
a;

 
C

am
ac

ho
, O

sc
ar

 M
.; 

B
el

ia
ev

a,
 E

ka
te

rin
a;

 
B

au
er

, H
an

s; 
K

er
al

ap
ur

a,
 

Y
og

a;
 M

ur
ph

y,
 Ja

m
es

To
ba

cc
o 

R
eg

ul
at

or
y 

Sc
ie

nc
e

20
21

-0
3-

05

O
bj

ec
tiv

e:
 In

 th
is 

st
ud

y,
 w

e 
ob

ta
in

ed
 k

ey
 p

op
ul

at
io

n-
le

ve
l d

at
a 

on
 u

se
 p

at
te

rn
s a

nd
 b

eh
av

io
r r

el
at

in
g 

to
 to

ba
cc

o 
an

d 
ni

co
tin

e 
pr

od
uc

ts
 in

 Ja
pa

n.
 M

et
ho

ds
: W

e 
pe

rfo
rm

ed
 a

 n
at

io
nw

id
e 

cr
os

s-
se

ct
io

na
l s

ur
ve

y 
of

 th
e 

ge
ne

ra
l p

op
ul

at
io

n 
in

 Ja
pa

n 
in

 2
01

9 
to

 
as

se
ss

 u
se

 p
at

te
rn

s a
fte

r t
he

 in
tro

du
ct

io
n 

of
 to

ba
cc

o 
he

at
in

g 
pr

od
uc

ts
 (T

H
Ps

). 
El

ig
ib

le
 p

ar
tic

ip
an

ts
 w

er
e 

Ja
pa

ne
se

 re
sid

en
ts

, 
ag

ed
 2

0 
ye

ar
s o

r o
ld

er
 w

ho
 c

on
se

nt
ed

 to
 c

om
pl

et
e 

th
e 

su
rv

ey
. I

nd
iv

id
ua

ls 
liv

in
g 

in
 in

st
itu

tio
ns

 w
er

e 
ex

cl
ud

ed
. A

 3
-s

ta
ge

 
pr

ob
ab

ili
ty

 sa
m

pl
in

g 
m

et
ho

d 
w

as
 a

pp
lie

d 
th

at
 w

as
 g

eo
gr

ap
hi

ca
lly

 st
ra

tif
ie

d 
by

 st
re

et
 b

lo
ck

s p
ro

po
rti

on
at

e 
to

 p
op

ul
at

io
n 

de
ns

ity
. R

es
po

nd
en

ts
 se

lf-
re

po
rte

d 
pa

tte
rn

s o
f p

ro
du

ct
 u

se
 a

nd
 re

as
on

s f
or

 T
H

P 
us

e.
 R

es
ul

ts
: C

om
pl

et
e 

re
sp

on
se

s w
er

e 
av

ai
la

bl
e 

fro
m

 5
30

6 
in

di
vi

du
al

s, 
of

 w
ho

m
 9

33
.5

 (1
7.

6%
) w

er
e 

cu
rr

en
t u

se
rs

, 9
84

.2
 (1

8.
5%

) w
er

e 
fo

rm
er

 u
se

rs
, a

nd
 3

38
8.

4 
(6

3.
9%

) w
er

e 
ne

ve
r u

se
rs

 o
f t

ob
ac

co
 p

ro
du

ct
s (

w
ei

gh
te

d 
re

sp
on

de
nt

 to
ta

ls)
. C

ig
ar

et
te

s w
er

e 
us

ed
 b

y 
14

.6
%

 o
f c

ur
re

nt
 

to
ba

cc
o 

pr
od

uc
t u

se
rs

 a
nd

 T
H

Ps
 b

y 
5.

3%
. C

ig
ar

et
te

s a
nd

 T
H

Ps
 w

er
e 

us
ed

 e
xc

lu
siv

el
y 

by
 6

4.
5%

 a
nd

 1
2.

2%
, r

es
pe

ct
iv

el
y,

 a
nd

 
bo

th
 w

er
e 

us
ed

 b
y 

12
.7

%
. T

he
 m

os
t c

om
m

on
 re

as
on

s r
ep

or
te

d 
fo

r T
H

P 
us

e 
w

er
e 

pe
rc

ei
ve

d 
re

du
ct

io
n 

in
 h

ar
m

 to
 se

lf 
an

d 
ot

he
rs

 c
om

pa
re

d 
to

 c
ig

ar
et

te
s. 

C
on

cl
us

io
ns

: W
he

re
as

 th
e 

pr
ev

al
en

ce
 o

f c
ig

ar
et

te
 u

se
 in

 Ja
pa

n 
is 

de
cr

ea
sin

g,
 T

H
Ps

 se
em

 to
 b

e 
in

cr
ea

sin
gl

y 
us

ed
 a

s l
on

g-
te

rm
 a

lte
rn

at
iv

es
 to

 c
ig

ar
et

te
 sm

ok
in

g.

C
lin

ic
al

Ph
ar

m
ac

ok
in

et
ic

 a
nd

 su
bj

ec
tiv

e 
as

se
ss

m
en

t o
f p

ro
to

ty
pe

 JU
U

L2
 

el
ec

tro
ni

c 
ni

co
tin

e 
de

liv
er

y 
sy

st
em

 in
 

tw
o 

ni
co

tin
e 

co
nc

en
tra

tio
ns

, J
U

U
L 

sy
st

em
, I

Q
O

S,
 a

nd
 c

om
bu

st
ib

le
 

ci
ga

re
tte

G
ol

de
ns

on
, N

. I
.; 

A
ug

us
ts

on
, E

. M
.; 

C
he

n,
 

J.;
 S

hi
ffm

an
, S

.

Ps
yc

ho
ph

ar
m

ac
ol

og
y 

(B
er

l)
20

22
-0

2-
20

R
A

TI
O

N
A

LE
: E

le
ct

ro
ni

c 
ni

co
tin

e 
de

liv
er

y 
sy

st
em

s a
nd

 h
ea

te
d 

to
ba

cc
o 

pr
od

uc
ts

 a
re

 n
on

co
m

bu
st

ib
le

 a
lte

rn
at

iv
es

 fo
r a

du
lt 

sm
ok

er
s. 

Ev
id

en
ce

 su
gg

es
ts

 su
ffi

ci
en

t n
ic

ot
in

e 
de

liv
er

y 
an

d 
sa

tis
fy

in
g 

ef
fe

ct
s a

re
 n

ec
es

sa
ry

 to
 fa

ci
lit

at
e 

sw
itc

hi
ng

 a
w

ay
 fr

om
 

sm
ok

in
g;

 n
ic

ot
in

e 
de

liv
er

y 
va

rie
s a

cr
os

s e
le

ct
ro

ni
c 

ni
co

tin
e 

de
liv

er
y 

sy
st

em
s w

ith
in

 li
m

ite
d 

ni
co

tin
e 

co
nc

en
tra

tio
ns

. 
O

B
JE

C
TI

V
ES

: T
o 

as
se

ss
 th

e 
ni

co
tin

e 
de

liv
er

y 
an

d 
su

bj
ec

tiv
e 

ef
fe

ct
s o

f p
ro

to
ty

pe
 JU

U
L2

 S
ys

te
m

 in
 tw

o 
ni

co
tin

e 
co

nc
en

tra
tio

ns
, c

ur
re

nt
ly

-m
ar

ke
te

d 
U

S 
JU

U
L 

Sy
st

em
 ("

JU
U

L"
), 

IQ
O

S-
br

an
d 

he
at

ed
 to

ba
cc

o 
pr

od
uc

t, 
an

d 
co

m
bu

st
ib

le
 

N
ic

ot
in

e 
ph

ar
m

ac
ok

in
et

ic
s a

nd
 su

bj
ec

tiv
e 

ef
fe

ct
s w

er
e 

as
se

ss
ed

 fo
llo

w
in

g 
us

e 
of

: (
1)

 JU
U

L2
 p

ro
to

ty
pe

 1
8 

m
g/

m
L 

ni
co

tin
e;

 
(2

) J
U

U
L2

 p
ro

to
ty

pe
 4

0 
m

g/
m

L;
 (3

) J
U

U
L 

59
 m

g/
m

L;
 (4

) I
Q

O
S 

18
 m

g/
g;

 a
nd

 (5
) u

su
al

 b
ra

nd
 c

om
bu

st
ib

le
 c

ig
ar

et
te

, e
ac

h 
ev

al
ua

te
d 

du
rin

g 
ad

 li
bi

tu
m

 (1
0 

m
in

) a
nd

 c
on

tro
lle

d 
(5

 m
in

, 1
0 

st
an

da
rd

iz
ed

 p
uf

fs
) u

se
. R

ES
U

LT
S:

 N
ic

ot
in

e 
de

liv
er

y 
w

as
 

gr
ea

te
st

 fo
r c

om
bu

st
ib

le
 c

ig
ar

et
te

s, 
fo

llo
w

ed
 b

y 
JU

U
L2

 p
ro

to
ty

pe
 4

0 
m

g/
m

L,
 IQ

O
S,

 JU
U

L2
 p

ro
to

ty
pe

 1
8 

m
g/

m
L,

 a
nd

 JU
U

L 
59

 m
g/

m
L.

 N
ic

ot
in

e 
de

liv
er

y 
fro

m
 JU

U
L2

 p
ro

to
ty

pe
 1

8 
m

g/
m

L 
w

as
 si

gn
ifi

ca
nt

ly
 g

re
at

er
 th

an
 JU

U
L 

59
 m

g/
m

L 
af

te
r a

d 
lib

itu
m

 u
se

. J
U

U
L 

pr
od

uc
ts

 w
er

e 
sig

ni
fic

an
tly

 m
or

e 
sa

tis
fy

in
g 

an
d 

ef
fe

ct
iv

e 
at

 re
du

ci
ng

 c
ra

vi
ng

 th
an

 IQ
O

S.
 JU

U
L2

 p
ro

to
ty

pe
 

40
 m

g/
m

L 
w

as
 si

gn
ifi

ca
nt

ly
 m

or
e 

av
er

siv
e 

th
an

 o
th

er
 JU

U
L 

pr
od

uc
ts

. C
O

N
C

LU
SI

O
N

S:
 P

ro
to

ty
pe

 JU
U

L2
 a

nd
 JU

U
L 

59
 m

g/
m

L 
pr

od
uc

ts
 w

er
e 

ra
te

d 
hi

gh
er

 th
an

 IQ
O

S 
on

 su
bj

ec
tiv

e 
m

ea
su

re
s a

ss
oc

ia
te

d 
w

ith
 sw

itc
hi

ng
 a

w
ay

 fr
om

 sm
ok

in
g.

 T
he

 
JU

U
L2

 p
ro

to
ty

pe
 4

0 
m

g/
m

L 
pr

od
uc

ed
 a

ve
rs

iv
e 

re
sp

on
se

s a
nd

 w
ou

ld
 re

qu
ire

 m
od

ifi
ca

tio
ns

 to
 b

e 
a 

vi
ab

le
 p

ro
du

ct
 fo

r a
du

lt 
sm

ok
er

s. 
N

ic
ot

in
e 

de
liv

er
y 

an
d 

su
bj

ec
tiv

e 
re

sp
on

se
s t

o 
JU

U
L2

 p
ro

to
ty

pe
 1

8 
m

g/
m

L 
su

gg
es

t a
 p

ro
du

ct
 b

as
ed

 o
n 

th
is 

pr
ot

ot
yp

e 
m

ay
 fa

ci
lit

at
e 

in
cr

ea
se

d 
sw

itc
hi

ng
 a

m
on

g 
ad

ul
t s

m
ok

er
s.

Pr
e 

C
lin

ic
al

 T
ox

ic
ol

og
y

A
er

os
ol

 C
he

m
ist

ry
 &

 
Ph

ys
ic

s

Br
id

gi
ng

: A
cc

el
er

at
in

g 
R

eg
ul

at
or

y 
A

cc
ep

ta
nc

e 
of

 R
ed

uc
ed

-R
isk

 T
ob

ac
co

 
an

d 
N

ic
ot

in
e 

Pr
od

uc
ts

G
ac

a,
 M

.; 
W

ill
ia

m
so

n,
 J.

; 
D

ig
ar

d,
 H

.; 
A

da
m

s, 
L.

; 
H

aw
kr

id
ge

, L
.; 

Pr
oc

to
r, 

C
.

N
ic

ot
in

e 
To

b 
R

es
20

22
-0

2-
16

IN
TR

O
D

U
C

TI
O

N
: T

he
 n

um
be

r a
nd

 v
ar

ie
ty

 o
f a

lte
rn

at
iv

e 
to

ba
cc

o 
an

d 
ni

co
tin

e 
pr

od
uc

ts
 th

at
 c

an
 p

ot
en

tia
lly

 p
ro

vi
de

 re
du

ce
d-

ris
k 

ch
oi

ce
s f

or
 c

ig
ar

et
te

 sm
ok

er
s w

ho
 sw

itc
h 

co
m

pl
et

el
y 

to
 su

ch
 p

ro
du

ct
s i

ns
te

ad
 o

f c
on

tin
ue

d 
sm

ok
in

g 
ha

ve
 g

ro
w

n 
su

bs
ta

nt
ia

lly
 in

 th
e 

pa
st

 d
ec

ad
e.

 In
no

va
tio

n 
an

d 
ch

oi
ce

 a
re

 li
ke

ly
 to

 im
pr

ov
e 

th
e 

pr
os

pe
ct

s o
f s

m
ok

er
s m

ak
in

g 
th

e 
sw

itc
h,

 b
ut

 
th

is 
pr

ov
id

es
 c

ha
lle

ng
es

 to
 re

gu
la

to
rs

 a
nd

 m
an

uf
ac

tu
re

rs
 to

 e
ns

ur
e 

th
at

 c
ha

ng
es

 to
 re

gu
la

tio
ns

 a
nd

 p
ro

du
ct

s p
ro

m
ot

e 
an

d 
no

t 
hi

nd
er

 c
on

tri
bu

tio
ns

 to
 to

ba
cc

o 
ha

rm
 re

du
ct

io
n.

 M
ET

H
O

D
S:

 T
hi

s p
ap

er
 lo

ok
s a

t w
he

re
 b

rid
gi

ng
 o

f d
at

a 
se

ts
 fo

r t
ob

ac
co

 
he

at
in

g 
pr

od
uc

ts
, c

lo
se

d 
sy

st
em

 v
ap

in
g 

pr
od

uc
ts

 a
nd

 o
ra

l n
ic

ot
in

e 
pr

od
uc

ts
 m

ig
ht

 e
na

bl
e 

in
no

va
tio

n 
w

hi
le

 p
ro

te
ct

in
g 

in
te

re
st

s 
of

 c
on

su
m

er
s. 

RE
SU

LT
S:

 W
e 

re
vi

ew
 p

ro
du

ct
 d

at
a 

fro
m

 c
he

m
ic

al
 st

ud
ie

s a
nd

 a
 to

xi
co

lo
gi

ca
l s

tu
dy

 sh
ow

in
g 

ho
w

 b
rid

gi
ng

 
ca

n 
be

 a
pp

lie
d 

an
d 

co
ns

id
er

 w
ha

t p
ro

du
ct

 d
ev

el
op

m
en

t c
ha

ng
es

 m
ig

ht
 a

llo
w

 b
rid

gi
ng

 fr
om

 e
xi

st
in

g 
da

ta
se

ts
 o

r t
rig

ge
r t

he
 

ne
ed

 fo
r n

ew
. C

O
N

C
LU

SI
O

N
S:

 B
rid

gi
ng

 a
cr

os
s s

pe
ci

fic
 p

ro
du

ct
 ra

ng
es

 c
an

 in
cr

ea
se

 th
e 

sp
ee

d 
of

 in
no

va
tio

n,
 fo

st
er

 
co

m
pe

tit
io

n 
an

d 
lim

it 
th

e 
bu

rd
en

 o
f a

ss
es

sm
en

t f
or

 re
gu

la
to

rs
 w

hi
le

 m
ai

nt
ai

ni
ng

 p
ro

du
ct

 sa
fe

ty
 a

nd
 q

ua
lit

y.
 IM

PL
IC

A
TI

O
N

S:
 

B
rid

gi
ng

 o
f p

ar
tia

l d
at

a 
se

ts
 is

 a
n 

es
ta

bl
ish

ed
 p

ra
ct

ic
e 

w
ith

in
 o

th
er

 in
du

st
rie

s, 
th

at
 a

im
s t

o 
im

pr
ov

e 
ef

fic
ie

nc
y 

w
ith

 re
gu

la
to

ry
 

ap
pr

ov
al

s, 
ac

ce
pt

s n
at

ur
al

 p
ro

du
ct

 v
ar

ia
tio

n 
an

d 
su

pp
or

ts
 p

ro
du

ct
 in

no
va

tio
n.

 W
e 

re
vi

ew
 p

ro
du

ct
 d

at
a 

fro
m

 c
he

m
ic

al
 st

ud
ie

s 
an

d 
a 

to
xi

co
lo

gi
ca

l s
tu

dy
 sh

ow
in

g 
ho

w
 b

rid
gi

ng
 c

an
 b

e 
ap

pl
ie

d 
an

d 
co

ns
id

er
 w

ha
t p

ro
du

ct
 d

ev
el

op
m

en
t c

ha
ng

es
 m

ig
ht

 a
llo

w
 

br
id

gi
ng

 fr
om

 e
xi

st
in

g 
da

ta
se

ts
 o

r t
rig

ge
r t

he
 n

ee
d 

fo
r n

ew
. T

hi
s i

n 
tu

rn
 c

an
 in

cr
ea

se
 th

e 
sp

ee
d 

of
 in

no
va

tio
n,

 fo
st

er
 

co
m

pe
tit

io
n 

an
d 

lim
it 

th
e 

bu
rd

en
 o

f a
ss

es
sm

en
t f

or
 re

gu
la

to
rs

 w
hi

le
 m

ai
nt

ai
ni

ng
 p

ro
du

ct
 sa

fe
ty

 a
nd

 q
ua

lit
y.



 
Independent Scientific Publications 



Su
m

m
ar

y 
of

 in
de

pe
nd

en
t s

ci
en

tif
ic

 p
ub

lic
at

io
ns

R
ep

or
tin

g 
Pe

rio
d

C
at

eg
or

y
Ti

tle
A

ut
ho

rs
Jo

ur
na

l
D

at
e 

of
 fi

rs
t P

ub
lic

at
io

n
A

bs
tra

ct

A
er

os
ol

 C
he

m
ist

ry
 &

 
Ph

ys
ic

s

A
cr

yl
am

id
e 

le
ve

ls 
in

 sm
ok

e 
fr

om
 

co
nv

en
tio

na
l c

ig
ar

et
te

s a
nd

 h
ea

te
d 

to
ba

cc
o 

pr
od

uc
ts 

an
d 

ex
po

su
re

 
as

se
ss

m
en

t i
n 

ha
bi

tu
al

 sm
ok

er
s

Es
po

sit
o,

 F
.; 

Sq
ui

lla
nt

e,
 J.

; 
N

ol
as

co
, A

.; 
M

on
tu

or
i, 

P.
; 

M
ac

rì,
 P

. G
.; 

C
iri

llo
, T

.
En

vi
ro

n 
R

es
20

22
-0

1-
03

A
cr

yl
am

id
e 

(A
A

) i
s a

 n
eu

ro
to

xi
c,

 g
en

ot
ox

ic
, a

nd
 c

ar
ci

no
ge

ni
c 

co
m

po
un

d 
de

ve
lo

pe
d 

du
rin

g 
he

at
in

g 
at

 h
ig

h 
te

m
pe

ra
tu

re
s. 

Fo
od

s 
su

ch
 a

s p
ot

at
oe

s, 
bi

sc
ui

ts,
 b

re
ad

 a
nd

 c
of

fe
e 

ar
e 

th
e 

m
ai

n 
fo

od
stu

ff
s c

on
ta

in
in

g 
A

A
. C

ig
ar

et
te

 sm
ok

e 
m

ay
 b

e 
a 

sig
ni

fic
an

t 
ad

di
tio

na
l s

ou
rc

e 
of

 e
xp

os
ur

e.
 H

ow
ev

er
, A

A
 c

on
te

nt
 m

ay
 v

ar
y 

am
on

g 
di

ff
er

en
t t

yp
es

 o
f c

ig
ar

et
te

s. 
Th

e 
stu

dy
 a

im
ed

 to
 e

va
lu

at
e 

th
e 

A
A

 c
on

te
nt

 in
 c

on
ve

nt
io

na
l c

ig
ar

et
te

s (
C

C
) a

nd
 h

ea
te

d 
to

ba
cc

o 
pr

od
uc

ts 
(H

TP
) a

nd
 it

s r
es

ul
tin

g 
ex

po
su

re
 th

ro
ug

h 
th

ei
r u

se
. 

A
A

 le
ve

ls 
fr

om
 th

e 
tw

o 
ty

pe
s o

f c
ig

ar
et

te
s w

er
e 

de
te

rm
in

ed
 b

y 
G

C
-M

S 
an

d 
th

e 
da

ily
 e

xp
os

ur
e 

to
 A

A
 w

as
 a

lso
 a

sc
er

ta
in

ed
. T

he
 

m
ar

gi
n 

of
 e

xp
os

ur
e 

ap
pr

oa
ch

 (M
O

E)
 w

as
 c

al
cu

la
te

d 
fo

r n
eu

ro
to

xi
c 

an
d 

ca
rc

in
og

en
ic

 ri
sk

 b
as

ed
 o

n 
be

nc
hm

ar
k 

do
se

 lo
w

er
 

a 
lo

w
 n

eu
ro

to
xi

c 
ris

k 
fo

r e
ith

er
 in

 C
C

 o
r H

TP
, w

he
re

as
 a

 c
ar

ci
no

ge
ni

c 
ris

k 
em

er
ge

d 
th

ro
ug

h 
th

e 
sm

ok
in

g 
of

 C
C

 b
as

ed
 o

n 
di

ff
er

en
t B

en
ch

m
ar

k 
do

se
s. 

Th
e 

ca
rc

in
og

en
ic

 ri
sk

 fo
r C

C
 b

as
ed

 o
n 

th
e 

hi
gh

es
t B

en
ch

m
ar

k 
do

se
 th

at
 w

as
 c

on
sid

er
ed

 sh
ow

ed
 

un
sa

fe
 le

ve
ls,

 a
s l

itt
le

 a
s 1

0 
C

C
 c

ig
ar

et
te

s/d
ay

, w
he

re
as

 it
 w

as
 a

lm
os

t a
lw

ay
s o

f l
ow

 c
on

ce
rn

 fo
r H

TP
. A

no
th

er
 a

pp
ro

ac
h 

ba
se

d 
up

on
 th

e 
in

cr
em

en
ta

l l
ife

tim
e 

ca
nc

er
 ri

sk
 (I

LC
R

) a
na

ly
sis

 le
d 

to
 si

m
ila

r r
es

ul
ts,

 e
xc

ee
di

ng
, i

n 
so

m
e 

ca
se

s, 
th

e 
sa

fe
ty

 v
al

ue
 o

f 
10

(-4
), 

as
 fa

r a
s C

C
 a

re
 c

on
ce

rn
ed

. O
ve

ra
ll,

 th
e 

re
su

lts
 c

on
fir

m
ed

 th
at

 C
C

 is
 a

 si
gn

ifi
ca

nt
 so

ur
ce

 o
f A

A
, a

nd
 it

s l
ev

el
s w

er
e 

fiv
e 

tim
es

 h
ig

he
r t

ha
n 

in
 H

TP
.

A
er

os
ol

 C
he

m
ist

ry
 &

 
Ph

ys
ic

s

A
ci

d-
C

at
al

yz
ed

 Is
om

er
iz

at
io

n 
of

 
C

ar
bo

ny
ls-

2,
4-

 d
in

itr
op

he
ny

lh
yd

ra
zo

ne
 

in
 M

ai
ns

tre
am

 S
m

ok
e 

of
 H

ea
t-N

ot
-

B
ur

n 
To

ba
cc

o 
Pr

od
uc

t f
or

 H
PL

C
 

A
na

ly
sis

Zh
an

g,
 H

.; 
Zh

u,
 F

.; 
C

he
n,

 
C

.; 
Li

, X
.; 

Lu
o,

 Y
.; 

Ji
an

g,
 

X
.; 

Pa
ng

, Y
.; 

Zh
an

g,
 W

.; 
H

ou
, H

.; 
H

u,
 Q

.

LC
G

C
 N

or
th

 A
m

er
ic

a
20

22
-0

1-
01

C
ar

bo
ny

ls 
(s

uc
h 

as
 a

cr
ol

ei
n,

 a
ce

ta
ld

eh
yd

e,
 a

nd
 fo

rm
al

de
hy

de
) a

re
 th

e 
cr

iti
ca

l t
yp

e 
of

 c
ar

ci
no

ge
ns

 a
nd

 to
xi

ca
nt

s c
on

ta
in

ed
 

w
ith

in
 th

e 
he

at
-n

ot
-b

ur
n 

(H
N

B
) t

ob
ac

co
 p

ro
du

ct
s. 

U
sin

g 
H

N
B

 p
ro

du
ct

s c
an

 h
av

e 
ne

ga
tiv

e 
ef

fe
ct

s o
n 

hu
m

an
 h

ea
lth

; t
he

re
fo

re
, i

t 
is 

im
po

rta
nt

 to
 m

ea
su

re
 c

ar
bo

ny
l c

on
te

nt
s w

ith
in

 th
e 

H
N

B
 m

ai
ns

tre
am

 sm
ok

e.
 T

yp
ic

al
ly

, t
he

 2
,4

-d
in

itr
op

he
ny

lh
yd

ra
zi

ne
 

(D
N

PH
) a

pp
ro

ac
h 

in
vo

lv
es

 fo
rm

in
g 

th
e 

2,
4-

di
ni

tro
ph

en
yl

hy
dr

az
on

e 
de

riv
at

iv
es

, w
hi

ch
 is

 th
e 

m
os

t e
xt

en
siv

el
y 

ad
op

te
d 

ap
pr

oa
ch

 to
 q

ua
lit

at
iv

el
y 

an
d 

qu
an

tit
at

iv
el

y 
an

al
yz

e 
ca

rb
on

yl
 c

om
po

un
ds

. H
ow

ev
er

, t
he

 a
pp

ro
ac

h 
ca

n 
re

su
lt 

in
 a

na
ly

tic
al

 e
rro

r 
be

ca
us

e 
2,

4-
di

ni
tro

ph
en

yl
hy

dr
az

on
es

 c
on

ta
in

s t
he

 E
-s

te
re

oi
so

m
er

 a
s w

el
l a

s t
he

 Z
-s

te
re

oi
so

m
er

. O
nl

y 
an

 E
-is

om
er

s e
xi

sts
 in

 th
e 

pu
rif

ie
d 

ca
rb

on
yl

s-
2,

4-
di

ni
tro

ph
en

yl
hy

dr
az

on
e,

 b
ut

 w
he

n 
ac

id
 is

 a
dd

ed
, t

he
 E

-is
om

er
 a

nd
 Z

-is
om

er
 c

an
 b

e 
ob

se
rv

ed
. F

or
 

pr
op

io
na

ld
eh

yd
e-

, a
ce

ta
ld

eh
yd

e-
, c

ro
to

na
ld

eh
yd

e-
, a

cr
ol

ei
n-

, a
nd

 2
-b

ut
an

on
e-

2,
4-

di
ni

tro
ph

en
yl

hy
dr

az
on

es
, t

he
ir 

eq
ui

lib
riu

m
 

Z/
E 

iso
m

er
 ra

tio
s a

re
 0

.1
43

, 0
.3

09
, 0

.0
93

, 0
.0

28
, a

nd
 0

.1
54

. I
n 

th
e 

ca
se

 o
f a

dd
in

g 
tra

ce
 w

at
er

 in
to

 h
yd

ra
zo

ne
 d

er
iv

at
iv

es
 

di
ss

ol
ve

d 
w

ith
in

 th
e 

ac
et

on
itr

ile
 so

lu
tio

n,
 th

e 
de

riv
at

iv
e 

co
nt

en
ts 

de
cr

ea
se

, w
he

re
as

 th
e 

fr
ee

 D
N

PH
 c

on
te

nt
 in

cr
ea

se
s. 

Th
er

ef
or

e,
 

ca
ta

ly
tic

 a
ci

d 
sh

ou
ld

 b
e 

ad
de

d 
in

 th
e 

lo
w

 c
on

te
nt

. T
o 

de
te

rm
in

e 
ca

rb
on

yl
s-

2,
4-

di
ni

tro
ph

en
yl

hy
dr

az
on

es
 th

ro
ug

h 
H

PL
C

, t
he

 
op

tim
al

 a
pp

ro
ac

h 
is 

ad
di

ng
 p

ho
sp

ho
ric

 a
ci

d 
in

to
 th

e 
sa

m
pl

es
 a

nd
 th

e 
sta

nd
ar

d 
re

fe
re

nc
e 

so
lu

tio
n 

to
 fo

rm
 th

e 
0.

02
–1

.0
%

 a
ci

d 
so

lu
tio

n.
 

A
er

os
ol

 C
he

m
ist

ry
 &

 
Ph

ys
ic

s

Th
e 

Em
iss

io
n 

of
 V

O
C

s a
nd

 C
O

 fr
om

 
H

ea
te

d 
To

ba
cc

o 
Pr

od
uc

ts,
 E

le
ct

ro
ni

c 
C

ig
ar

et
te

s, 
an

d 
C

on
ve

nt
io

na
l 

C
ig

ar
et

te
s, 

an
d 

Th
ei

r H
ea

lth
 R

isk

Lu
, F

.; 
Y

u,
 M

.; 
C

he
n,

 C
.; 

Li
u,

 L
.; 

Zh
ao

, P
.; 

Sh
en

, 
B

.; 
Su

n,
 R

.
To

xi
cs

20
21

-1
2-

28

Th
e 

di
ff

er
en

ce
s i

n 
ae

ro
so

l c
om

po
sit

io
n 

be
tw

ee
n 

ne
w

 to
ba

cc
o 

ty
pe

s (
he

at
ed

 to
ba

cc
o 

pr
od

uc
ts 

an
d 

el
ec

tro
ni

c 
ci

ga
re

tte
s)

 a
nd

 
co

nv
en

tio
na

l c
ig

ar
et

te
s h

av
e 

no
t b

ee
n 

sy
ste

m
at

ic
al

ly
 st

ud
ie

d.
 In

 th
is 

stu
dy

, t
he

 e
m

iss
io

ns
 o

f v
ol

at
ile

 o
rg

an
ic

 c
om

po
un

ds
 

(V
O

C
s)

, c
ar

bo
n 

m
on

ox
id

e 
(C

O
), 

ni
co

tin
e,

 a
nd

 ta
r f

ro
m

 h
ea

te
d 

to
ba

cc
o 

pr
od

uc
ts 

(H
TP

s)
, e

le
ct

ro
ni

c 
ci

ga
re

tte
s (

e-
ci

ga
re

tte
s)

 a
nd

 
co

nv
en

tio
na

l c
ig

ar
et

te
s w

er
e 

co
m

pa
re

d,
 a

nd
 th

ei
r h

ea
lth

 ri
sk

s w
er

e 
ev

al
ua

te
d 

by
 a

pp
ly

in
g 

th
e 

sa
m

e 
sm

ok
in

g 
re

gi
m

e 
an

d 
a 

lo
ss

 
m

ec
ha

ni
sm

 o
f s

m
ok

in
g.

 T
w

en
ty

 V
O

C
s w

er
e 

id
en

tif
ie

d 
in

 a
er

os
ol

s f
ro

m
 H

TP
s, 

18
 V

O
C

s w
er

e 
id

en
tif

ie
d 

in
 a

er
os

ol
s f

ro
m

 e
-

ci
ga

re
tte

s, 
an

d 
97

 V
O

C
s w

er
e 

id
en

tif
ie

d 
in

 a
er

os
ol

s f
ro

m
 c

ig
ar

et
te

s b
y 

G
C

–M
S 

an
d 

H
PL

C
 a

na
ly

sis
. T

he
 c

on
ce

nt
ra

tio
ns

 o
f t

ot
al

 
V

O
C

s (
TV

O
C

s)
 e

m
itt

ed
 b

y 
th

e 
th

re
e 

ty
pe

s o
f t

ob
ac

co
 p

ro
du

ct
s d

ec
re

as
ed

 a
s f

ol
lo

w
s: 

e-
ci

ga
re

tte
s (

79
5.

4 
m

g/
10

0 
pu

ff
s)

 >
 

ci
ga

re
tte

s (
83

.2
9 

m
g/

10
0 

pu
ff

s)
 >

 H
TP

s (
15

.6
5 

m
g/

10
0 

pu
ff

s)
. T

he
 n

ic
ot

in
e 

co
nt

en
t w

as
 2

4.
63

 ±
 2

.2
5 

m
g/

10
0 

pu
ff

s f
or

 e
-

ci
ga

re
tte

s, 
22

.9
4 

± 
0.

03
 m

g/
10

0 
pu

ff
s f

or
 c

ig
ar

et
te

s, 
an

d 
8.

81
7 

± 
0.

50
0 

m
g/

10
0 

pu
ff

s f
or

 H
TP

s. 
W

he
n 

us
in

g 
ci

ga
re

tte
s o

f t
he

 
sa

m
e 

br
an

d,
 th

e 
m

as
s c

on
ce

nt
ra

tio
ns

 o
f V

O
C

s, 
ta

r, 
an

d 
C

O
 e

m
itt

ed
 b

y 
H

TP
s w

er
e 

ap
pr

ox
im

at
el

y 
81

.2
%

, 9
5.

9%
, a

nd
 9

7.
5%

, 
re

sp
ec

tiv
el

y,
 lo

w
er

 th
an

 th
e 

am
ou

nt
s e

m
itt

ed
 b

y 
ci

ga
re

tte
s. 

Th
e 

he
al

th
 ri

sk
 re

su
lts

 d
em

on
str

at
ed

 th
at

 th
e 

no
nc

ar
ci

no
ge

ni
c 

ris
k 

of
 

th
e 

th
re

e 
ty

pe
s o

f t
ob

ac
co

 p
ro

du
ct

s d
ec

re
as

ed
 a

s f
ol

lo
w

s: 
ci

ga
re

tte
s (

36
09

.0
5)

 >
 H

TP
s (

24
49

.7
0)

 >
 a

cc
ep

ta
bl

e 
le

ve
l (

1)
 >

 e
-

ci
ga

re
tte

s (
4.

80
 ×

 1
0

em
iss

io
n 

of
 V

O
C

s a
nd

 C
O

 w
as

 c
on

sid
er

ed
.

M
ar

ch
 1

, 2
02

1 
– 

Fe
br

ua
ry

 2
8,

 2
02

2



A
er

os
ol

 C
he

m
ist

ry
 &

 
Ph

ys
ic

s

C
he

m
ic

al
 F

ee
ds

to
ck

 R
ec

ov
er

y 
vi

a 
th

e 
Py

ro
ly

sis
 o

f E
le

ct
ro

ni
ca

lly
 H

ea
te

d 
To

ba
cc

o 
W

as
te

s

C
ho

i, 
Y

.; 
Je

on
g,

 S
.; 

Pa
rk

, 
Y

.; 
K

im
, H

.; 
Li

m
, S

.; 
W

oo
, G

.; 
Py

o,
 S

.; 
Si

dd
iq

ui
, M

. Z
.; 

K
im

, Y
.

Su
sta

in
ab

ili
ty

20
21

-1
1-

20

Th
e 

py
ro

ly
sis

 o
f w

as
te

 e
le

ct
ro

ni
ca

lly
 h

ea
te

d 
to

ba
cc

o 
(E

H
T)

, c
on

sis
tin

g 
of

 to
ba

cc
o 

le
av

es
 (T

L)
, a

 p
ol

y-
la

ct
ic

 a
ci

d 
(P

LA
) f

ilt
er

, 
an

d 
a 

ce
llu

lo
se

 a
ce

ta
te

 (C
A

) f
ilt

er
, w

as
 in

ve
sti

ga
te

d 
us

in
g 

th
er

m
og

ra
vi

m
et

ric
 (T

G
) a

nd
 p

yr
ol

yz
er

–g
as

 c
hr

om
at

og
ra

ph
y/

m
as

s 
sp

ec
tro

m
et

ry
 (P

y-
G

C
/M

S)
 a

na
ly

sis
. T

he
 p

yr
ol

yt
ic

 p
ro

pe
rti

es
 o

f w
as

te
 E

H
T 

ob
ta

in
ed

 a
fte

r s
m

ok
in

g 
w

er
e 

co
m

pa
ra

bl
e 

to
 th

os
e 

of
 

fr
es

h 
EH

T.
 A

lth
ou

gh
 th

e 
m

ax
im

um
 d

ec
om

po
sit

io
n 

te
m

pe
ra

tu
re

s (
Tm

ax
S)

 o
f w

as
te

 T
L 

an
d 

C
A

 w
er

e 
sim

ila
r t

o 
th

os
e 

of
 fr

es
h 

EH
T 

co
m

po
ne

nt
s, 

th
e 

Tm
ax

 o
f w

as
te

 P
LA

 w
as

 sl
ig

ht
ly

 h
ig

he
r t

ha
n 

th
at

 o
f f

re
sh

 P
LA

 d
ue

 to
 sm

ol
de

rin
g.

 T
he

 T
m

ax
s o

f P
LA

 
an

d 
C

A
 w

er
e 

lo
w

er
ed

 w
he

n 
th

ey
 w

er
e 

co
-p

yr
ol

yz
ed

 w
ith

 T
L 

du
e 

to
 in

te
ra

ct
io

ns
 b

et
w

ee
n 

py
ro

ly
sis

 in
te

rm
ed

ia
te

s. 
Th

e 
ap

pa
re

nt
 

ac
tiv

at
io

n 
en

er
gi

es
 fo

r t
he

 n
on

-is
ot

he
rm

al
 p

yr
ol

ys
is 

of
 w

as
te

 E
H

T 
co

m
po

ne
nt

s w
er

e 
hi

gh
er

 th
an

 th
os

e 
of

 fr
es

h 
EH

T 
co

m
po

ne
nt

s. 
Py

-G
C

/M
S 

an
al

ys
is 

re
su

lts
 in

di
ca

te
d 

th
at

 c
on

sid
er

ab
le

 a
m

ou
nt

s o
f c

he
m

ic
al

 fe
ed

sto
ck

s, 
su

ch
 a

s n
ic

ot
in

e 
an

d 
lim

on
en

e 
fr

om
 T

L,
 c

ap
ro

la
ct

on
e 

an
d 

la
ct

id
e 

fr
om

 P
LA

, a
nd

 a
ce

tic
 a

ci
d 

an
d 

tri
ac

et
in

 fr
om

 C
A

, c
an

 b
e 

re
co

ve
re

d 
by

 si
m

pl
e 

py
ro

ly
sis

 o
f E

H
T.

 C
o-

py
ro

ly
sis

 o
f T

L,
 P

LA
, a

nd
 C

A
 re

ve
al

ed
 th

at
 th

e 
ex

pe
rim

en
ta

l a
m

ou
nt

 o
f l

ac
tid

e 
w

as
 m

uc
h 

la
rg

er
 th

an
 th

e 
ca

lc
ul

at
ed

 v
al

ue
, s

ug
ge

sti
ng

 it
s s

yn
er

gi
sti

c 
fo

rm
at

io
n.

A
er

os
ol

 C
he

m
ist

ry
 &

 
Ph

ys
ic

s

Ti
m

e-
re

so
lv

ed
 o

nl
in

e 
an

al
ys

is 
of

 th
e 

ga
s-

 a
nd

 p
ar

tic
ul

at
e-

ph
as

e 
of

 c
ig

ar
et

te
 

sm
ok

e 
ge

ne
ra

te
d 

by
 a

 h
ea

te
d 

to
ba

cc
o 

pr
od

uc
t u

sin
g 

va
cu

um
 u

ltr
av

io
le

t 
ph

ot
oi

on
iz

at
io

n 
m

as
s s

pe
ct

ro
m

et
ry

W
en

, Z
.; 

G
u,

 X
.; 

Ta
ng

, X
.; 

Li
, X

.; 
Pa

ng
, Y

.; 
H

u,
 Q

.; 
W

an
g,

 J.
; Z

ha
ng

, L
.; 

Li
u,

 
Y

.; 
Zh

an
g,

 W
.

Ta
la

nt
a

20
21

-1
1-

12

W
e 

pr
es

en
t a

 v
ac

uu
m

 u
ltr

av
io

le
t (

V
U

V
) l

am
p-

ba
se

d 
ph

ot
oi

on
iz

at
io

n 
tim

e-
of

-f
lig

ht
 (T

O
F)

 m
as

s s
pe

ct
ro

m
et

er
 c

ou
pl

ed
 w

ith
 a

 
ca

pi
lla

ry
 in

le
t a

nd
 a

n 
ae

ro
dy

na
m

ic
 le

ns
 to

 o
nl

in
e 

an
al

yz
e 

th
e 

ch
em

ic
al

 c
om

po
sit

io
ns

 o
f t

he
 g

as
- a

nd
 p

ar
tic

ul
at

e-
ph

as
e 

of
 

ci
ga

re
tte

 sm
ok

e 
of

 a
 h

ea
te

d 
to

ba
cc

o 
pr

od
uc

t (
H

TP
). 

B
ot

h 
ph

as
e 

co
m

po
sit

io
ns

 o
f t

he
 fr

es
h 

ci
ga

re
tte

 sm
ok

e,
 w

ith
ou

t d
ilu

tio
n 

an
d 

ph
as

e 
co

m
po

sit
io

ns
 w

ith
 lo

w
 m

as
s a

re
 v

ol
at

ile
 o

rg
an

ic
 c

om
po

un
ds

 (V
O

C
s)

, a
nd

 th
e 

pa
rti

cu
la

te
-p

ha
se

 c
om

po
sit

io
ns

 a
re

 a
lso

 
cl

ea
rly

 id
en

tif
ie

d 
an

d 
co

ve
r t

he
 fu

ll 
m

as
s r

an
ge

 o
f t

he
 m

as
s s

pe
ct

ro
m

et
er

. T
he

 ti
m

e-
 o

r p
uf

f-
by

-p
uf

f r
es

ol
ve

d 
dy

na
m

ic
 d

at
a 

ar
e 

ob
ta

in
ed

 fo
r e

ac
h 

sp
ec

ie
s a

nd
 p

ro
vi

de
 a

bu
nd

an
t i

nf
or

m
at

io
n 

to
 u

nr
av

el
 th

e 
ch

em
ist

ry
 o

f t
he

 H
TP

 sm
ok

e.
 In

 a
dd

iti
on

, t
he

 p
re

se
nt

 
re

su
lts

 sh
ow

 th
at

 b
es

id
es

 th
er

m
al

 v
ap

or
iz

at
io

n,
 a

 c
ou

pl
e 

of
 c

he
m

ic
al

 re
ac

tio
ns

 in
cl

ud
in

g 
py

ro
ly

sis
 a

nd
 d

eg
ra

da
tio

n 
ha

ve
 a

lso
 

pa
ve

s t
he

 w
ay

 to
 a

na
ly

ze
 th

e 
ga

s-
 a

nd
 p

ar
tic

ul
at

e-
ph

as
e 

ch
em

ic
al

 c
om

po
sit

io
ns

 o
f a

 c
om

pl
ex

 sy
ste

m
 in

 re
al

 ti
m

e,
 li

ke
 th

e 
ci

ga
re

tte
 sm

ok
e 

pr
es

en
te

d 
he

re
, b

y 
us

in
g 

ad
va

nc
ed

 so
ft 

io
ni

za
tio

n 
m

as
s s

pe
ct

ro
m

et
ry

.

A
er

os
ol

 C
he

m
ist

ry
 &

 
Ph

ys
ic

s

A
ss

es
sin

g 
ac

ut
e 

in
ha

la
tio

n 
he

al
th

 ri
sk

 
ca

us
ed

 b
y 

ex
po

su
re

 to
 p

ro
du

ct
s c

re
at

ed
 

by
 n

ic
ot

in
e-

co
nt

ai
ni

ng
 st

uf
f 

co
ns

um
pt

io
n 

in
 e

nc
lo

se
d 

sp
ac

es

Za
rit

sk
ay

a,
 E

. V
.; 

Fe
do

ro
v,

 V
. N

.; 
Ia

ku
bo

va
, 

I. 
S.

H
ea

lth
 R

isk
 A

na
ly

sis
20

21
-0

9-
30

C
on

te
m

po
ra

ry
 re

se
ar

ch
 re

ve
al

s t
ha

t e
le

ct
ro

ni
c 

de
vi

ce
s f

or
 n

ic
ot

in
e 

co
ns

um
pt

io
n 

pr
od

uc
e 

no
t s

o 
ne

ga
tiv

e 
ef

fe
ct

s o
n 

he
al

th
 d

ue
 

to
 a

dv
er

se
 c

he
m

ic
al

s b
ei

ng
 e

m
itt

ed
 in

 su
bs

ta
nt

ia
lly

 lo
w

er
 q

ua
nt

iti
es

. N
ev

er
th

el
es

s, 
su

ch
 c

on
su

m
pt

io
n 

sti
ll 

re
su

lts
 in

 e
m

iss
io

n 
of

 
va

rio
us

 o
rg

an
ic

 a
nd

 n
on

-o
rg

an
ic

 su
bs

ta
nc

es
 w

ith
 th

ei
r e

ff
ec

ts 
on

 h
ea

lth
 b

ei
ng

 ra
th

er
 u

np
re

di
ct

ab
le

. I
t i

s n
ec

es
sa

ry
 to

 c
on

du
ct

 
ad

di
tio

na
l s

tu
di

es
, i

nc
lu

di
ng

 th
os

e 
fo

cu
sin

g 
on

 p
as

siv
e 

sm
ok

in
g 

of
 e

le
ct

ro
ni

c 
ci

ga
re

tte
s a

nd
 a

ss
es

sin
g 

he
al

th
 ri

sk
s c

au
se

d 
by

 
ex

po
su

re
 to

 th
em

. O
ur

 re
se

ar
ch

 g
oa

l w
as

 to
 a

ss
es

s a
cu

te
 h

ea
lth

 ri
sk

s c
au

se
d 

by
 p

as
siv

e 
co

ns
um

pt
io

n 
of

 to
ba

cc
o 

an
d 

ni
co

tin
e-

co
nt

ai
ni

ng
 p

ro
du

ct
s. 

W
e 

bu
ilt

 a
 m

od
el

 fo
r t

ob
ac

co
 o

r n
ic

ot
in

e 
co

ns
um

pt
io

n 
by

 a
ct

ua
l c

on
su

m
er

s (
vo

lu
nt

ee
rs

) a
nd

 th
e 

pr
oc

es
s 

w
as

 e
ve

ne
d 

as
 p

er
 a

 n
um

be
r o

f c
on

su
m

pt
io

n 
se

ss
io

ns
. W

e 
ex

am
in

ed
 th

re
e 

pr
od

uc
ts:

 to
ba

cc
o 

ci
ga

re
tte

s (
ci

ga
re

tte
s)

, e
le

ct
ro

ni
c 

ni
co

tin
e 

de
liv

er
y 

sy
ste

m
 (E

N
D

S)
, a

nd
 a

 to
ba

cc
o 

he
at

in
g 

sy
ste

m
 (I

Q
O

S)
. B

ac
kg

ro
un

d 
ai

r q
ua

lit
y 

pa
ra

m
et

er
s w

er
e 

m
ea

su
re

d 
in

 a
 

sp
ec

ifi
ca

lly
 o

rg
an

iz
ed

 e
nc

lo
se

d 
sp

ac
e 

pr
io

r t
o 

ea
ch

 st
ud

y 
se

ss
io

n.
 W

e 
al

so
 c

on
du

ct
ed

 e
xp

er
im

en
ts 

in
 so

 c
al

le
d 

«r
ef

er
en

ce
 

gr
ou

ps
» 

w
he

n 
re

se
ar

ch
 p

ar
tic

ip
an

ts 
di

dn
’t 

co
ns

um
e 

th
e 

ex
am

in
ed

 p
ro

du
ct

s b
ut

 w
er

e 
in

 th
e 

sa
m

e 
co

nd
iti

on
s. 

H
ea

lth
 ri

sk
s w

er
e 

as
se

ss
ed

 a
s p

er
 th

e 
G

ui
de

 R
 2

.1
.1

0.
19

20
-0

4 
«T

he
 G

ui
de

 o
n 

as
se

ss
in

g 
he

al
th

 ri
sk

s c
au

se
d 

by
 e

xp
os

ur
e 

to
 c

he
m

ic
al

s t
ha

t p
ol

lu
te

 
th

e 
en

vi
ro

nm
en

t»
. U

se
 o

f E
N

D
S 

an
d 

IQ
O

S 
do

es
 n

ot
 re

su
lt 

in
 si

gn
ifi

ca
nt

 c
ha

ng
es

 in
 a

ir 
co

m
po

su
re

 a
nd

 d
oe

s n
ot

 c
au

se
 

un
ac

ce
pt

ab
le

 a
cu

te
 h

ea
lth

 ri
sk

. C
om

bi
ne

d 
ef

fe
ct

s p
ro

du
ce

d 
by

 c
on

ta
m

in
an

ts 
on

 o
rg

an
s a

nd
 sy

ste
m

s r
es

ul
te

d 
in

 h
ea

lth
 ri

sk
s f

or
 

re
sp

ira
to

ry
 o

rg
an

s, 
ey

es
, a

nd
 b

od
y 

as
 a

 w
ho

le
 b

ei
ng

 in
sig

ni
fic

an
tly

 h
ig

he
r t

ha
n 

pe
rm

iss
ib

le
 le

ve
ls;

 th
es

e 
ris

ks
 w

er
e 

pr
ac

tic
al

ly
 

th
e 

sa
m

e 
as

 th
os

e 
de

te
ct

ed
 fo

r a
 re

fe
re

nc
e 

gr
ou

p.
 T

ob
ac

co
 sm

ok
in

g 
re

su
lte

d 
in

 u
na

cc
ep

ta
bl

e 
ac

ut
e 

ris
ks

 1
.5

 h
ou

rs
 a

fte
r a

n 
ex

pe
rim

en
t s

ta
rte

d;
 th

es
e 

ris
ks

 w
er

e 
ca

us
ed

 b
y 

el
ev

at
ed

 c
on

ce
nt

ra
tio

ns
 o

f s
uc

h 
co

nt
am

in
an

ts 
as

 a
ce

ta
ld

eh
yd

e,
 fo

rm
al

de
hy

de
, 

PM
2.

5,
 P

M
10

, a
nd

 c
ar

bo
n 

m
on

ox
id

e.
 ©

 Z
ar

its
ka

ya
 E

.V
., 

Fe
do

ro
v 

V
.N

., 
Ia

ku
bo

va
 I.

S.
, 2

02
1

A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

Q
ua

lit
at

iv
e 

an
d 

qu
an

tit
at

iv
e 

co
m

pa
ris

on
 

of
 fl

av
or

 c
he

m
ic

al
s i

n 
to

ba
cc

o 
he

at
in

g 
pr

od
uc

ts,
 tr

ad
iti

on
al

 to
ba

cc
o 

pr
od

uc
ts 

an
d 

fla
vo

rin
g 

ca
ps

ul
es

Li
m

, H
. H

.; 
C

ho
i, 

K
. Y

.; 
Sh

in
, H

. S
.

J P
ha

rm
 B

io
m

ed
 A

na
l

20
21

-1
0-

01

A
 g

as
 c

hr
om

at
og

ra
ph

y-
m

as
s s

pe
ct

ro
m

et
ric

 (G
C

-M
S)

 m
et

ho
d 

w
as

 d
ev

el
op

ed
 fo

r t
he

 q
ua

lit
at

iv
e 

an
d 

qu
an

tit
at

iv
e 

an
al

ys
is 

of
 

fla
vo

r c
he

m
ic

al
s i

n 
to

ba
cc

o 
he

at
in

g 
pr

od
uc

ts 
(T

H
Ps

), 
tra

di
tio

na
l t

ob
ac

co
 p

ro
du

ct
s (

TT
Ps

) a
nd

 th
ei

r f
la

vo
rin

g 
ca

ps
ul

es
. A

 to
ta

l 
of

 2
83

 c
om

po
un

ds
 w

er
e 

id
en

tif
ie

d 
th

ro
ug

h 
no

n-
ta

rg
et

 a
na

ly
sis

, a
nd

 th
e 

fin
al

 3
02

 c
om

po
un

ds
 w

er
e 

se
le

ct
ed

 to
 d

ev
el

op
 a

n 
an

al
yt

ic
al

 m
et

ho
d.

 T
he

 lo
w

er
 li

m
its

 o
f d

et
ec

tio
n 

(L
O

D
) o

f a
na

ly
te

s w
er

e 
0.

00
07

4-
12

 m
g/

kg
 a

nd
 th

ei
r L

O
D

 ra
ng

e 
w

as
 w

id
e 

de
pe

nd
in

g 
on

 th
e 

pr
es

en
ce

 o
r a

bs
en

ce
 in

 th
e 

re
fe

re
nc

e 
ci

ga
re

tte
. T

he
 p

re
ci

sio
n 

of
 th

e 
30

2 
co

m
po

un
ds

 w
as

 le
ss

 th
an

 2
4.

5%
, a

nd
 

th
e 

ac
cu

ra
cy

 ra
ng

ed
 fr

om
 8

0.
0%

 to
 1

20
%

. A
 to

ta
l o

f 1
90

 fl
av

or
s a

nd
 5

 c
on

ta
m

in
an

ts 
w

er
e 

de
te

rm
in

ed
 in

 2
1 

TH
P,

 1
0 

TT
P,

 8
 

TH
P 

ca
ps

ul
es

 a
nd

 1
1 

TT
P 

ca
ps

ul
es

. W
he

n 
co

m
pa

rin
g 

th
e 

to
ta

l f
la

vo
r c

on
te

nt
 o

f f
la

vo
rs

 p
er

 c
ig

ar
et

te
, i

t w
as

 in
 th

e 
or

de
r o

f T
H

P 
ca

ps
ul

e>
 T

TP
 c

ap
su

le
 

 T
H

P 
 T

TP
. T

he
 c

or
re

la
tio

ns
 b

et
w

ee
n 

th
e 

53
 c

ig
ar

et
te

 p
ro

du
ct

s a
nd

 1
90

 fl
av

or
 c

he
m

ic
al

s w
er

e 
an

al
yz

ed
 u

sin
g 

PC
A

. I
t h

as
 b

ee
n 

de
m

on
str

at
ed

 th
at

 P
C

A
 re

su
lts

 c
an

 b
e 

a 
us

ef
ul

 to
ol

 in
 d

iff
er

en
tia

tin
g 

br
an

ds
 a

nd
 m

an
uf

ac
tu

re
rs

 
of

 to
ba

cc
o 

pr
od

uc
ts.

A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

A
na

ly
sis

 o
f f

ur
an

s a
nd

 p
yr

id
in

es
 fr

om
 

ne
w

 g
en

er
at

io
n 

he
at

ed
 to

ba
cc

o 
pr

od
uc

t 
in

 Ja
pa

n

K
. B

ek
ki

; S
. U

ch
iy

am
a;

 Y
. 

In
ab

a;
 A

. U
sh

iy
am

a
En

vi
ro

n 
H

ea
lth

 P
re

v 
M

ed
20

21
-0

9-
13

A
na

ly
sis

 o
f f

ur
an

s a
nd

 p
yr

id
in

es
 fr

om
 n

ew
 g

en
er

at
io

n 
he

at
ed

 to
ba

cc
o 

pr
od

uc
t i

n 
Ja

pa
n



A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

In
ve

sti
ga

tio
n 

of
 V

ol
at

ile
 O

rg
an

ic
 

C
om

po
un

ds
 a

nd
 B

en
zo

[a
]p

yr
en

e 
C

on
te

nt
s i

n 
th

e 
A

er
os

ol
s o

f C
ig

ar
et

te
s 

an
d 

IQ
O

S 
To

ba
cc

o 
H

ea
tin

g 
Sy

ste
m

 
U

sin
g 

H
ig

h-
Pe

rf
or

m
an

ce
 G

as
 

C
hr

om
at

og
ra

ph
y/

M
as

s S
pe

ct
ro

m
et

ry

T.
 A

. P
er

ez
ho

gi
na

; E
. V

. 
G

nu
ch

ik
h;

 R
. I

. F
ai

zu
lli

n;
 

S.
 N

. M
ed

ve
de

va
; T

. A
. 

Za
yt

se
va

; N
. A

. D
ur

un
ch

a;
 

L.
 V

. K
ok

or
in

a;
 D

. K
. 

G
lu

kh
ov

; T
. I

. 
Po

kr
ov

sk
ay

a;
 N

. V
. 

Po
po

va
; I

. M
. E

re
m

in
a;

 I.
 

I. 
G

al
ic

h;
 S

. G
. A

nu
sh

ya
n;

 
S.

 R
. A

bd
ul

kh
ak

ov
; I

. M
. 

O
sta

pc
he

nk
o

B
io

N
an

oS
ci

en
ce

20
21

-0
9-

06

In
ve

sti
ga

tio
n 

of
 V

ol
at

ile
 O

rg
an

ic
 C

om
po

un
ds

 a
nd

 B
en

zo
[a

]p
yr

en
e 

C
on

te
nt

s i
n 

th
e 

A
er

os
ol

s o
f C

ig
ar

et
te

s a
nd

 IQ
O

S 
To

ba
cc

o 
H

ea
tin

g 
Sy

ste
m

 U
sin

g 
H

ig
h-

Pe
rf

or
m

an
ce

 G
as

 C
hr

om
at

og
ra

ph
y/

M
as

s S
pe

ct
ro

m
et

ry

A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

Ef
fe

ct
 o

f a
 m

es
op

or
ou

s c
at

al
ys

t o
n 

th
e 

fla
sh

 p
yr

ol
ys

is 
of

 to
ba

cc
o

E.
 C

al
ab

ui
g;

 A
. M

ar
ci

lla
Th

er
m

oc
hi

m
ic

a 
A

ct
a

20
21

-0
9-

01
Ef

fe
ct

 o
f a

 m
es

op
or

ou
s c

at
al

ys
t o

n 
th

e 
fla

sh
 p

yr
ol

ys
is 

of
 to

ba
cc

o

A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

Pu
ff

-re
so

lv
ed

 a
na

ly
sis

 a
nd

 se
le

ct
ed

 
qu

an
tif

ic
at

io
n 

of
 c

he
m

ic
al

s i
n 

th
e 

ga
s 

ph
as

e 
of

 E
-C

ig
ar

et
te

s, 
H

ea
t-n

ot
-B

ur
n 

de
vi

ce
s a

nd
 c

on
ve

nt
io

na
l c

ig
ar

et
te

s 
us

in
g 

sin
gl

e 
ph

ot
on

 io
ni

za
tio

n 
tim

e-
of

-
fli

gh
t m

as
s s

pe
ct

ro
m

et
ry

 (S
PI

-
TO

FM
S)

: A
 c

om
pa

ra
tiv

e 
stu

dy

H
ei

de
, J

.; 
A

da
m

, T
. W

.; 
Ja

co
bs

, E
.; 

W
ol

te
r, 

J. 
M

.; 
Eh

le
rt,

 S
.; 

W
al

te
, A

.; 
Zi

m
m

er
m

an
n,

 R
.

N
ic

ot
in

e 
&

 T
ob

ac
co

 
R

es
ea

rc
h

20
21

-0
5-

16

IN
TR

O
D

U
C

TI
O

N
: A

 w
id

e 
ar

ra
y 

of
 a

lte
rn

at
iv

e 
ni

co
tin

e 
de

liv
er

y 
de

vi
ce

s (
A

N
D

D
) h

as
 b

ee
n 

de
ve

lo
pe

d 
an

d 
th

ey
 a

re
 o

fte
n 

de
sc

rib
ed

 a
s l

es
s h

ar
m

fu
l t

ha
n 

co
m

bu
sti

bl
e 

ci
ga

re
tte

s. 
Th

is 
w

or
k 

co
m

pa
re

s t
he

 c
he

m
ic

al
 e

m
iss

io
ns

 o
f t

hr
ee

 A
N

D
D

 in
 

co
m

pa
ris

on
 to

 c
ig

ar
et

te
 sm

ok
e.

 A
ll 

th
e 

te
ste

d 
A

N
D

D
 a

re
 c

ha
ra

ct
er

iz
ed

 b
y 

no
t i

nv
ol

vi
ng

 c
om

bu
sti

on
 o

f t
ob

ac
co

. M
ET

H
O

D
: 

Si
ng

le
 p

ho
to

n 
io

ni
za

tio
n 

tim
e-

of
-f

lig
ht

 m
as

s s
pe

ct
ro

m
et

ry
 (S

PI
-T

O
FM

S)
 is

 c
ou

pl
ed

 to
 a

 li
ne

ar
 sm

ok
in

g 
m

ac
hi

ne
, w

hi
ch

 a
llo

w
s 

a 
co

m
pr

eh
en

siv
e,

 o
nl

in
e 

an
al

ys
is 

of
 th

e 
ga

se
ou

s p
ha

se
 o

f t
he

 A
N

D
D

 a
er

os
ol

 a
nd

 th
e 

co
nv

en
tio

na
l c

ig
ar

et
te

 sm
ok

e 
(C

C
). 

Th
e 

fo
llo

w
in

g 
de

vi
ce

s w
er

e 
in

ve
sti

ga
te

d 
in

 th
is 

stu
dy

: a
 to

ba
cc

o 
ci

ga
re

tte
 w

ith
 a

 g
lo

w
in

g 
pi

ec
e 

of
 c

oa
l a

s a
 h

ea
tin

g 
so

ur
ce

, a
n 

el
ec

tri
c 

de
vi

ce
 fo

r h
ea

tin
g 

to
ba

cc
o 

an
d 

a 
fir

st-
ge

ne
ra

tio
n 

el
ec

tro
ni

c 
ci

ga
re

tte
. D

at
a 

ob
ta

in
ed

 fr
om

 a
 st

an
da

rd
 2

R
4F

 re
se

ar
ch

 
ci

ga
re

tte
 a

re
 ta

ke
n 

as
 a

 re
fe

re
nc

e.
 R

ES
U

LT
S:

 T
he

 p
uf

f-
by

-p
uf

f p
ro

fil
e 

of
 a

ll 
pr

od
uc

ts 
w

as
 re

co
rd

ed
. T

he
 A

N
D

D
 sh

ow
 a

 
su

bs
ta

nt
ia

l r
ed

uc
tio

n 
or

 c
om

pl
et

e 
ab

se
nc

e 
of

 k
no

w
n 

ha
rm

fu
l a

nd
 p

ot
en

tia
lly

 h
ar

m
fu

l s
ub

sta
nc

es
 c

om
pa

re
d 

to
 th

e 
C

C
. I

n 
ad

di
tio

n,
 ta

r s
ub

sta
nc

es
 (i

.e
. s

em
iv

ol
at

ile
 a

nd
 lo

w
 v

ol
at

ile
 a

ro
m

at
ic

 a
nd

 p
he

no
lic

 c
om

po
un

ds
) a

re
 fo

rm
ed

 to
 a

 m
uc

h 
lo

w
er

 
ex

te
nt

. N
ic

ot
in

e,
 h

ow
ev

er
, i

s s
up

pl
ie

d 
in

 c
om

pa
ra

bl
e 

am
ou

nt
s e

xc
ep

t f
or

 th
e 

in
ve

sti
ga

te
d 

el
ec

tro
ni

c 
ci

ga
re

tte
. C

O
N

C
LU

SI
O

N
S:

 
Th

e 
da

ta
 sh

ow
s t

ha
t c

on
su

m
er

s s
w

itc
hi

ng
 fr

om
 C

C
 to

 A
N

D
D

 a
re

 e
xp

os
ed

 to
 lo

w
er

 c
on

ce
nt

ra
tio

ns
 o

f h
ar

m
fu

l a
nd

 p
ot

en
tia

lly
 

ha
rm

fu
l s

ub
sta

nc
es

. H
ow

ev
er

, t
ox

ic
ol

og
ic

al
 a

nd
 e

pi
de

m
io

lo
gi

ca
l s

tu
di

es
 m

us
t d

el
iv

er
 c

on
cl

us
iv

e 
re

su
lts

 if
 th

es
e 

re
du

ce
d 

ex
po

su
re

s a
re

 b
en

ef
ic

ia
l f

or
 u

se
rs

. I
M

PL
IC

A
TI

O
N

: T
he

 c
om

pa
ris

on
 o

f p
uf

f-
re

so
lv

ed
 p

ro
fil

es
 o

f e
m

iss
io

ns
 fr

om
 d

iff
er

en
t 

to
ba

cc
o 

pr
od

uc
ts,

 tr
ad

iti
on

al
 a

nd
 a

lte
rn

at
iv

e,
 m

ay
 h

el
p 

us
er

s s
w

itc
h 

to
 lo

w
er

 e
m

iss
io

n 
pr

od
uc

ts.
 P

uf
f-

re
so

lv
ed

 c
om

pa
ris

on
 

ov
er

co
m

es
 te

ch
ni

ca
l c

ha
ng

es
, u

se
 m

od
es

 b
et

w
ee

n 
pr

od
uc

ts 
an

d 
m

ay
 h

el
p 

in
 th

ei
r r

eg
ul

at
io

n.

A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

Ea
rly

 C
he

m
ist

ry
 o

f N
ic

ot
in

e 
D

eg
ra

da
tio

n 
in

 H
ea

t-N
ot

-B
ur

n 
Sm

ok
in

g 
D

ev
ic

es
 a

nd
 C

on
ve

nt
io

na
l 

C
ig

ar
et

te
s: 

Im
pl

ic
at

io
ns

 fo
r U

se
rs

 a
nd

 
Se

co
nd

- a
nd

 T
hi

rd
-H

an
d 

Sm
ok

er
s

C
ha

va
rri

o 
C

añ
as

, J
av

ie
r 

E.
; M

on
ge

-P
al

ac
io

s, 
M

.; 
G

ra
ja

le
s-

G
on

zá
le

z,
 E

.; 
M

an
i S

ar
at

hy
, S

.

Jo
ur

na
l o

f P
hy

sic
al

 
C

he
m

ist
ry

 A
20

21
-0

4-
09

N
ic

ot
in

e 
ex

po
su

re
 re

su
lts

 in
 h

ea
lth

 ri
sk

s n
ot

 o
nl

y 
fo

r s
m

ok
er

s b
ut

 a
lso

 fo
r s

ec
on

d-
 a

nd
 th

ird
-h

an
d 

sm
ok

er
s. 

U
nr

av
el

in
g 

ni
co

tin
e’

s d
eg

ra
da

tio
n 

m
ec

ha
ni

sm
 a

nd
 th

e 
ha

rm
fu

l c
he

m
ic

al
s t

ha
t a

re
 p

ro
du

ce
d 

un
de

r d
iff

er
en

t c
on

di
tio

ns
 is

 v
ita

l t
o 

as
se

ss
 

ex
po

su
re

 ri
sk

s. 
W

e 
pe

rf
or

m
ed

 a
 th

eo
re

tic
al

 st
ud

y 
to

 d
es

cr
ib

e 
th

e 
ea

rly
 c

he
m

ist
ry

 o
f n

ic
ot

in
e 

de
gr

ad
at

io
n 

by
 in

ve
sti

ga
tin

g 
tw

o 
im

po
rta

nt
 re

ac
tio

ns
 th

at
 n

ic
ot

in
e 

ca
n 

un
de

rg
o:

 h
yd

ro
ge

n 
ab

str
ac

tio
n 

by
 h

yd
ro

xy
l r

ad
ic

al
s a

nd
 u

ni
m

ol
ec

ul
ar

 d
iss

oc
ia

tio
n.

 T
he

 
fo

rm
er

 c
on

tri
bu

te
s t

o 
th

e 
co

nt
ro

l o
f t

he
 d

eg
ra

da
tio

n 
m

ec
ha

ni
sm

 b
el

ow
 8

00
 K

 d
ue

 to
 a

 n
on

-A
rrh

en
iu

s k
in

et
ic

s, 
w

hi
ch

 im
pl

ie
s a

n 
en

ha
nc

em
en

t o
f r

ea
ct

iv
ity

 a
s t

em
pe

ra
tu

re
 d

ec
re

as
es

. T
he

 la
tte

r b
ec

om
es

 im
po

rta
nt

 a
t h

ig
he

r t
em

pe
ra

tu
re

s d
ue

 to
 it

s l
ar

ge
r 

ac
tiv

at
io

n 
en

er
gy

. T
hi

s c
ha

ng
e 

in
 th

e 
de

gr
ad

at
io

n 
m

ec
ha

ni
sm

 is
 e

xp
ec

te
d 

to
 a

ff
ec

t t
he

 c
om

po
sit

io
n 

of
 v

ap
or

s i
nh

al
ed

 b
y 

sm
ok

er
s a

nd
 ro

om
 o

cc
up

an
ts.

 C
on

ve
nt

io
na

l c
ig

ar
et

te
s, 

w
hi

ch
 o

pe
ra

te
 a

t t
em

pe
ra

tu
re

s h
ig

he
r t

ha
n 

10
00

 K
, a

re
 m

or
e 

pr
on

e 
to

 
yi

el
d 

ha
rm

fu
l p

yr
id

in
yl

 ra
di

ca
ls 

vi
a 

ni
co

tin
e 

di
ss

oc
ia

tio
n,

 w
hi

le
 n

ic
ot

in
e 

in
 e

le
ct

ro
ni

c 
ci

ga
re

tte
s a

nd
 v

ap
or

iz
er

s, 
w

ith
 o

pe
ra

tin
g 

te
m

pe
ra

tu
re

s b
el

ow
 6

00
 K

, w
ill

 b
e 

m
or

e 
lik

el
y 

de
gr

ad
ed

 b
y 

hy
dr

ox
yl

 ra
di

ca
ls,

 re
su

lti
ng

 in
 a

 v
ap

or
 w

ith
 a

 d
iff

er
en

t 
co

m
po

sit
io

n.
 A

lth
ou

gh
 lo

w
-te

m
pe

ra
tu

re
 n

ic
ot

in
e 

de
liv

er
y 

de
vi

ce
s h

av
e 

be
en

 c
la

im
ed

 to
 b

e 
le

ss
 h

ar
m

fu
l d

ue
 to

 th
ei

r n
on

bu
rn

in
g 

op
er

at
in

g 
co

nd
iti

on
s, 

th
e 

no
n-

A
rrh

en
iu

s k
in

et
ic

s t
ha

t w
e 

ob
se

rv
ed

 fo
r t

he
 d

eg
ra

da
tio

n 
m

ec
ha

ni
sm

 b
el

ow
 8

73
 K

 su
gg

es
ts 

th
at

 
ni

co
tin

e 
de

gr
ad

at
io

n 
m

ay
 b

e 
m

or
e 

ra
pi

dl
y 

in
iti

at
ed

 a
s t

em
pe

ra
tu

re
 is

 re
du

ce
d,

 in
di

ca
tin

g 
th

at
 th

es
e 

de
vi

ce
s m

ay
 b

e 
m

or
e 

ha
rm

fu
l t

ha
n 

it 
is 

co
m

m
on

ly
 a

ss
um

ed
.



A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

Pr
e 

C
lin

ic
al

 T
ox

ic
ol

og
y

N
ov

el
 S

ol
ve

nt
-F

re
e 

Ex
tra

ct
io

n 
M

et
ho

d 
fo

r A
na

ly
zi

ng
 T

ob
ac

co
 H

ea
tin

g 
Pr

od
uc

t A
er

os
ol

s: 
A

n 
A

na
ly

tic
al

 a
nd

 In
 

V
itr

o 
To

xi
co

lo
gi

ca
l F

iv
e-

W
ay

 P
ro

du
ct

 
C

om
pa

ris
on

W
an

g,
 H

.; 
C

he
n,

 H
.; 

H
ua

ng
, L

.; 
H

an
, S

.; 
W

an
g,

 
L.

; L
i, 

S.
; L

iu
, M

.; 
Zh

an
g,

 
M

.; 
Fu

, Y
.; 

Ti
an

, Y
.; 

Li
u,

 
T.

; S
hi

, Z
.; 

H
ou

, H
.; 

H
u,

 
Q

.

C
he

m
 R

es
 T

ox
ic

ol
20

21
-1

1-
08

H
ar

m
fu

l a
nd

 p
ot

en
tia

lly
 h

ar
m

fu
l c

on
sti

tu
en

ts 
(H

PH
C

s)
 in

 to
ba

cc
o 

sm
ok

e 
ar

e 
th

ou
gh

t t
o 

be
 re

sp
on

sib
le

 fo
r t

he
 in

cr
ea

se
d 

he
al

th
 

ris
ks

. T
ob

ac
co

 h
ea

tin
g 

pr
od

uc
ts 

(T
H

Ps
) h

ea
t t

ob
ac

co
 in

ste
ad

 o
f b

ur
ni

ng
 it

 to
 a

ch
ie

ve
 si

gn
ifi

ca
nt

ly
 fe

w
er

 to
xi

ca
nt

s t
ha

n 
co

nv
en

tio
na

l c
ig

ar
et

te
s. 

To
 a

ss
es

s t
he

 to
xi

ci
ty

 o
f T

H
P 

ae
ro

so
ls,

 it
 is

 o
fte

n 
de

sir
ab

le
 to

 e
xt

ra
ct

 th
e 

m
ai

n 
co

ns
tit

ue
nt

s u
sin

g 
a 

so
lv

en
t m

et
ho

d.
 In

 th
is 

stu
dy

, w
e 

de
ve

lo
pe

d 
a 

hi
gh

-s
pe

ed
 c

en
tri

fu
ga

l m
et

ho
d 

fo
r e

xt
ra

ct
in

g 
th

e 
to

ta
l p

ar
tic

ul
at

e 
m

at
te

r (
TP

M
) 

fr
om

 T
H

Ps
 to

 q
ua

nt
ita

tiv
el

y 
co

m
pa

re
 th

e 
to

xi
ci

ty
 o

f d
iff

er
en

t T
H

Ps
 a

nd
 c

on
ve

nt
io

na
l c

ig
ar

et
te

s. 
Its

 T
PM

 e
xt

ra
ct

io
n 

ef
fic

ie
nc

y 
ex

ce
ed

ed
 8

5%
, a

nd
 th

e 
pr

im
ar

y 
ae

ro
so

l c
om

po
ne

nt
s a

nd
 ty

pi
ca

l H
PH

C
s w

er
e 

co
m

pa
ra

bl
e 

to
 th

os
e 

of
 th

e 
so

lv
en

t m
et

ho
d.

 T
he

 
TP

M
s e

xt
ra

ct
ed

 fr
om

 fi
ve

 T
H

Ps
 w

er
e 

su
bj

ec
te

d 
to

 1
4 

in
 v

itr
o 

to
xi

co
lo

gy
 a

ss
es

sm
en

ts,
 a

nd
 th

e 
re

su
lts

 w
er

e 
co

m
pa

re
d 

w
ith

 
th

os
e 

of
 a

 3
R

4F
 re

fe
re

nc
e 

ci
ga

re
tte

. P
hy

sic
al

 se
pa

ra
tio

n 
ca

n 
im

pr
ov

e 
bi

as
es

 fr
om

 so
lv

en
t s

el
ec

tiv
ity

 a
nd

 p
ot

en
tia

l i
nt

er
ac

tio
ns

 
be

tw
ee

n 
so

lv
en

t a
nd

 a
er

os
ol

 c
on

sti
tu

en
ts.

 B
y 

el
im

in
at

in
g 

so
lv

en
t i

nf
lu

en
ce

, t
he

 e
xt

ra
ct

io
n 

m
et

ho
d 

co
ul

d 
ac

hi
ev

e 
hi

gh
-d

os
e 

ex
po

su
re

s, 
en

ab
lin

g 
th

e 
to

xi
ci

ty
 c

om
pa

ris
on

 o
f d

iff
er

en
t T

H
Ps

. T
he

 re
la

tiv
e 

to
xi

ci
ty

 o
f t

he
 T

H
Ps

 d
iff

er
ed

 u
nd

er
 d

iff
er

en
t 

do
sa

ge
 u

ni
ts,

 in
cl

ud
in

g 
th

e 
TP

M
 c

on
ce

nt
ra

tio
n,

 n
ic

ot
in

e 
eq

ui
va

le
nt

, a
nd

 p
uf

f n
um

be
r.

A
er

os
ol

 C
he

m
ist

ry
 a

nd
 

Ph
ys

ic
s

Pr
od

uc
t D

es
ig

n

A
 S

im
pl

e 
M

et
ho

d 
to

 S
im

ul
ta

ne
ou

sly
 

D
et

er
m

in
e 

th
e 

Le
ve

l o
f N

ic
ot

in
e,

 
G

ly
ce

ro
l, 

Pr
op

yl
en

e 
G

ly
co

l, 
an

d 
Tr

ia
ce

tin
 in

 H
ea

te
d 

To
ba

cc
o 

Pr
od

uc
ts 

by
 G

as
 C

hr
om

at
og

ra
ph

y 
Fl

am
e 

Io
ni

za
tio

n 
D

et
ec

tio
n

C
he

n,
 A

. X
.; 

A
km

am
 

M
or

se
d,

 F
.; 

C
he

ah
, N

. P
.

J A
O

A
C

 In
t

20
21

-1
0-

14

B
A

C
K

G
R

O
U

N
D

: C
ur

re
nt

ly
, t

he
re

 is
 n

o 
va

lid
at

ed
 a

nd
 a

va
ila

bl
e 

m
et

ho
d 

in
te

rn
at

io
na

lly
 to

 d
et

er
m

in
e 

th
e 

co
nt

en
ts 

of
 n

ic
ot

in
e 

an
d 

th
e 

ae
ro

so
liz

in
g 

ag
en

ts,
 n

am
el

y 
gl

yc
er

ol
 a

nd
 p

ro
py

le
ne

 g
ly

co
l, 

ad
de

d 
on

to
 th

e 
he

at
sti

ck
s f

or
 u

se
 in

 h
ea

te
d 

sm
ok

in
g 

de
vi

ce
s. 

O
B

JE
C

TI
V

E:
 T

o 
de

te
rm

in
e 

th
e 

co
nc

en
tra

tio
ns

 o
f n

ic
ot

in
e,

 p
ro

py
le

ne
 g

ly
co

l, 
gl

yc
er

ol
 a

nd
 tr

ia
ce

tin
 in

 H
TP

s w
hi

ch
 is

 e
ss

en
tia

l 
to

 u
nd

er
sta

nd
in

g 
th

ei
r h

ea
lth

 e
ff

ec
ts 

on
 sm

ok
er

s a
s w

el
l a

s s
ec

on
dh

an
d 

sm
ok

er
s. 

M
ET

H
O

D
: A

 si
m

pl
e 

m
et

ho
do

lo
gy

 w
as

 
de

ve
lo

pe
d 

an
d 

va
lid

at
ed

 to
 si

m
ul

ta
ne

ou
sly

 d
et

er
m

in
e 

ni
co

tin
e,

 p
ro

py
le

ne
 g

ly
co

l, 
gl

yc
er

ol
 a

nd
 tr

ia
ce

tin
 c

on
ce

nt
ra

tio
n 

pr
es

en
t i

n 
he

at
sti

ck
s. 

Th
e 

to
ba

cc
o 

m
at

er
ia

l w
as

 e
xt

ra
ct

ed
 w

ith
 a

 m
ix

tu
re

 o
f 7

0%
 m

et
ha

no
l/3

0%
 a

ce
to

ni
tri

le
 w

ith
 1

,3
-b

ut
an

ed
io

l a
nd

 n
-

he
pt

ad
ec

an
e 

as
 in

te
rn

al
 st

an
da

rd
s a

nd
 a

na
ly

ze
d 

w
ith

 g
as

 c
hr

om
at

og
ra

ph
y 

w
ith

 fl
am

e-
io

ni
za

tio
n 

de
te

ct
io

n 
(G

C
-F

ID
). 

ni
co

tin
e 

at
 8

9.
8-

10
2.

0%
, p

ro
py

le
ne

 g
ly

co
l a

t 9
5.

5-
10

2.
5%

, g
ly

ce
ro

l a
t 9

5.
2-

10
2.

6%
, a

nd
 tr

ia
ce

tin
 a

t 9
0.

6-
10

3.
1%

. 
C

O
N

C
LU

SI
O

N
: T

hi
s m

et
ho

d 
pr

ov
id

es
 a

n 
af

fo
rd

ab
le

 a
nd

 re
lia

bl
e 

te
ch

ni
qu

e 
fo

r r
ou

tin
e 

an
al

ys
is 

of
 n

ic
ot

in
e 

an
d 

ae
ro

so
liz

in
g 

ch
em

ic
al

s p
re

se
nt

 in
 H

TP
s w

hi
ch

 is
 n

ec
es

sa
ry

 to
 a

ss
es

s t
he

ir 
im

pa
ct

 to
 p

ub
lic

 h
ea

lth
. H

IG
H

LI
G

H
TS

: M
an

y 
ga

ps
 re

m
ai

n 
in

 
re

se
ar

ch
 o

n 
he

at
ed

 to
ba

cc
o 

pr
od

uc
ts,

 in
 p

ar
tic

ul
ar

, c
ou

nt
ry

 le
ve

ls 
in

fo
rm

at
io

n 
on

 th
e 

co
nt

en
t o

f t
he

 p
ro

du
ct

s a
re

 li
m

ite
d.

 T
hi

s 
pa

pe
r c

on
ta

in
s i

nf
or

m
at

io
n 

on
 a

 n
ew

ly
 d

ev
el

op
ed

 m
et

ho
d 

to
 si

m
ul

ta
ne

ou
sly

 d
et

er
m

in
e 

ni
co

tin
e,

 p
ro

py
le

ne
 g

ly
co

l, 
gl

yc
er

ol
 a

nd
 

tri
ac

et
in

 p
re

se
nt

 in
 th

e 
to

ba
cc

o 
m

at
er

ia
l a

nd
 b

ut
ts 

of
 h

ea
tst

ic
ks

 fo
r H

TP
s.

A
w

ar
en

es
s &

 
Pe

rc
ep

tio
ns

V
al

id
at

io
n 

of
 a

 q
ue

sti
on

na
ire

 to
 a

ss
es

s 
sm

ok
in

g 
ha

bi
ts,

 a
tti

tu
de

s, 
kn

ow
le

dg
e,

 
an

d 
ne

ed
s a

m
on

g 
un

iv
er

sit
y 

stu
de

nt
s: 

A
 

pi
lo

t s
tu

dy
 a

m
on

g 
ob

ste
tri

cs
 st

ud
en

ts

C
am

po
, L

.; 
V

ec
er

a,
 F

.; 
Fu

sti
no

ni
, S

.

In
te

rn
at

io
na

l J
ou

rn
al

 o
f 

En
vi

ro
nm

en
ta

l R
es

ea
rc

h 
an

d 
Pu

bl
ic

 H
ea

lth
20

21
-1

1-
12

In
 It

al
y,

 sm
ok

in
g 

is 
sti

ll 
w

id
es

pr
ea

d 
am

on
g 

a 
re

la
tiv

el
y 

hi
gh

 p
er

ce
nt

ag
e 

of
 y

ou
ng

 p
eo

pl
e.

 T
hi

s s
tu

dy
 a

im
ed

 to
 d

ev
el

op
 a

nd
 

va
lid

at
e 

a 
qu

es
tio

nn
ai

re
 to

 a
ss

es
s s

m
ok

in
g 

ha
bi

ts,
 p

as
siv

e 
sm

ok
e 

ex
po

su
re

, e
le

ct
ro

ni
c 

ci
ga

re
tte

 (e
-c

ig
) a

nd
 h

ea
te

d 
to

ba
cc

o 
pr

od
uc

t (
H

TP
) u

se
, a

tti
tu

de
s, 

kn
ow

le
dg

e,
 a

nd
 n

ee
ds

 a
m

on
g 

un
de

rg
ra

du
at

es
. A

 q
ue

sti
on

na
ire

 c
on

sis
tin

g 
of

 8
4 

ite
m

s w
as

 
de

ve
lo

pe
d 

sta
rti

ng
 fr

om
 a

 li
te

ra
tu

re
 re

vi
ew

 a
nd

 e
xi

sti
ng

 q
ue

sti
on

na
ire

s. 
A

 tw
o-

ro
un

d 
va

lid
at

io
n 

w
as

 p
er

fo
rm

ed
 b

y 
a 

te
am

 o
f 1

0 
ex

pe
rts

. T
he

 it
em

-le
ve

l c
on

te
nt

 v
al

id
ity

 in
de

x 
(I-

C
V

I),
 th

e 
sc

al
e-

le
ve

l c
on

te
nt

 v
al

id
ity

 in
de

x 
(S

-C
V

I),
 a

nd
 th

e 
ka

pp
a 

sta
tis

tic
s k

, 
ta

ki
ng

 in
to

 a
cc

ou
nt

 c
ha

nc
e 

ag
re

em
en

t, 
w

er
e 

ca
lc

ul
at

ed
 fr

om
 th

e 
ex

pe
rts

’ r
at

in
g.

 T
he

 q
ue

sti
on

na
ire

 w
as

 e
m

ai
le

d 
to

 1
14

 st
ud

en
ts 

fr
om

 th
e 

O
bs

te
tri

cs
 D

eg
re

e 
of

 th
e 

U
ni

ve
rs

ity
 o

f M
ila

n 
(It

al
y)

 to
 b

e 
pi

lo
t t

es
te

d.
 A

fte
r t

he
 se

co
nd

 ro
un

d 
of

 v
al

id
at

io
n,

 a
ll 

in
de

xe
s 

w
er

e 
ab

ov
e 

th
e 

re
sp

ec
tiv

e 
ac

ce
pt

ab
ili

ty
 c

rit
er

ia
: t

he
 I-

C
V

I w
as

 1
.0

0 
fo

r a
ll 

bu
t t

hr
ee

 it
em

s, 
k 

w
as

 >
0.

74
 (“

ex
ce

lle
nt

”)
 fo

r a
ll 

ite
m

s, 
an

d 
th

e 
S-

C
V

I w
as

 0
.9

64
. E

ig
ht

y-
ni

ne
 st

ud
en

ts 
pa

rti
ci

pa
te

d 
in

 th
e 

su
rv

ey
: 1

7 
cl

as
sif

ie
d 

th
em

se
lv

es
 a

s s
m

ok
er

s, 
ei

gh
t a

s 
ne

w
 p

ro
du

ct
 u

se
rs

, a
nd

 fo
ur

 a
s f

or
m

er
 sm

ok
er

s, 
72

%
 st

ud
en

ts 
de

cl
ar

ed
 to

 ro
ut

in
el

y 
sp

en
d 

fr
ee

 ti
m

e 
w

ith
 sm

ok
er

s, 
w

hi
le

 a
lm

os
t 

al
l s

tu
de

nt
s b

el
ie

ve
d 

th
at

 h
ea

lth
ca

re
 p

ro
fe

ss
io

na
ls 

pl
ay

 a
 p

iv
ot

al
 ro

le
 in

 p
re

ve
nt

in
g 

sm
ok

in
g 

to
w

ar
ds

 th
ei

r p
at

ie
nt

s a
nd

 so
ci

et
y.

 
Th

is 
qu

es
tio

nn
ai

re
 w

ill
 b

e 
us

ed
 in

 a
 su

rv
ey

 a
m

on
g 

stu
de

nt
s f

ro
m

 th
e 

U
ni

ve
rs

ity
 o

f M
ila

n 
as

 a
 fi

rs
t s

te
p 

fo
r f

ut
ur

e 
ca

m
pa

ig
ns

 
ta

rg
et

in
g 

he
al

th
 p

ro
m

ot
io

n.



A
w

ar
en

es
s &

 
Pe

rc
ep

tio
ns

Ef
fe

ct
s o

f I
Q

O
S 

he
al

th
 w

ar
ni

ng
s a

nd
 

m
od

ifi
ed

 ri
sk

 c
la

im
s a

m
on

g 
yo

un
g 

ad
ul

t c
ig

ar
et

te
 sm

ok
er

s a
nd

 n
on

-
sm

ok
er

s

M
ay

s, 
D

., 
Jo

hn
so

n,
 A

. C
., 

G
la

ss
er

, A
., 

M
er

ci
nc

av
ag

e,
 

M
., 

St
ra

ss
er

, A
. A

.
To

ba
cc

o 
C

on
tro

l
20

21
-1

0-
29

IN
TR

O
D

U
C

TI
O

N
: H

ea
te

d 
to

ba
cc

o 
pr

od
uc

ts,
 in

cl
ud

in
g 

M
ar

lb
or

o 
IQ

O
S,

 a
re

 a
va

ila
bl

e 
gl

ob
al

ly
. I

n 
th

e 
U

SA
, I

Q
O

S 
w

as
 

au
th

or
ise

d 
to

 b
e 

ad
ve

rti
se

d 
w

ith
 c

la
im

s a
bo

ut
 re

du
ce

d 
to

xi
ca

nt
 e

xp
os

ur
e 

re
la

tiv
e 

to
 c

ig
ar

et
te

s. 
Th

e 
ef

fe
ct

s o
f s

uc
h 

m
od

ifi
ed

 ri
sk

 
cl

ai
m

s a
nd

 h
ea

lth
 w

ar
ni

ng
s h

av
e 

no
t b

ee
n 

stu
di

ed
 a

m
on

g 
yo

un
g 

ad
ul

t c
ig

ar
et

te
 sm

ok
er

s a
nd

 n
on

-s
m

ok
er

s. 
M

ET
H

O
D

S:
 In

 

cl
ai

m
 v

ar
ia

tio
ns

 o
r n

on
e)

 b
y 

3 
(w

ar
ni

ng
 v

ar
ia

tio
ns

 o
r n

on
e)

 b
et

w
ee

n-
su

bj
ec

ts 
ex

pe
rim

en
t. 

O
ut

co
m

e 
m

ea
su

re
s a

ss
es

se
d 

pe
rc

ei
ve

d 
cr

ed
ib

ili
ty

 a
nd

 e
ff

ec
tiv

en
es

s o
f t

he
 h

ea
lth

 o
r r

isk
 m

es
sa

ge
 fo

r d
isc

ou
ra

gi
ng

 IQ
O

S 
us

e,
 p

er
ce

iv
ed

 h
ar

m
s, 

ef
fic

ac
y 

be
lie

fs
, a

nd
 IQ

O
S 

us
e 

in
te

nt
io

ns
. R

ES
U

LT
S:

 S
m

ok
er

s r
ep

or
te

d 
sig

ni
fic

an
tly

 h
ig

he
r (

p<
0.

05
) p

er
ce

iv
ed

 c
re

di
bi

lit
y,

 lo
w

er
 

pe
rc

ei
ve

d 
ef

fe
ct

iv
en

es
s, 

hi
gh

er
 e

ff
ic

ac
y 

be
lie

fs
 a

bo
ut

 sw
itc

hi
ng

 to
 IQ

O
S 

an
d 

hi
gh

er
 in

te
nt

io
ns

 to
 u

se
 IQ

O
S 

th
an

 n
on

-s
m

ok
er

s. 
A

m
on

g 
sm

ok
er

s, 
he

al
th

 w
ar

ni
ng

s i
nc

re
as

ed
 p

er
ce

iv
ed

 c
re

di
bi

lit
y 

(p
<0

.0
01

) a
nd

 e
ff

ec
tiv

en
es

s (
p<

0.
05

), 
bu

t c
la

im
s d

id
 n

ot
 

af
fe

ct
 o

ut
co

m
es

 e
xa

m
in

ed
. A

m
on

g 
no

n-
sm

ok
er

s, 
w

ar
ni

ng
s a

nd
 c

la
im

s i
nc

re
as

ed
 p

er
ce

iv
ed

 c
re

di
bi

lit
y,

 a
nd

 w
ar

ni
ng

s i
nc

re
as

ed
 

pe
rc

ei
ve

d 
ef

fe
ct

iv
en

es
s (

p<
0.

00
3)

. T
he

 re
du

ce
d 

ex
po

su
re

 c
la

im
 in

cr
ea

se
d 

no
n-

sm
ok

er
s' 

in
te

nt
io

ns
 to

 u
se

 IQ
O

S 
(b

=0
.4

0,
 

di
sc

ou
ra

gi
ng

 IQ
O

S 
us

e 
an

d 
pe

rc
ei

ve
d 

cr
ed

ib
ili

ty
. A

m
on

g 
no

n-
sm

ok
er

s, 
w

ar
ni

ng
s a

nd
 c

la
im

s i
nc

re
as

ed
 p

er
ce

iv
ed

 c
re

di
bi

lit
y 

an
d 

w
ar

ni
ng

s i
nc

re
as

ed
 p

er
ce

iv
ed

 e
ff

ec
tiv

en
es

s, 
bu

t t
he

 F
oo

d 
an

d 
D

ru
g 

A
dm

in
ist

ra
tio

n-
au

th
or

ise
d 

re
du

ce
d 

ex
po

su
re

 c
la

im
 

in
cr

ea
se

d 
in

te
nt

io
ns

 to
 u

se
 IQ

O
S.

 R
es

ea
rc

h 
is 

w
ar

ra
nt

ed
 to

 u
nd

er
sta

nd
 h

ow
 th

e 
co

nt
en

t o
f m

od
ifi

ed
 ri

sk
 c

la
im

s a
nd

 h
ea

lth
 

w
ar

ni
ng

s f
or

 IQ
O

S 
af

fe
ct

s I
Q

O
S 

us
e 

in
 th

is 
po

pu
la

tio
n.

A
w

ar
en

es
s &

 
Pe

rc
ep

tio
ns

Ef
fe

ct
iv

e 
pa

ck
ag

e 
w

ar
ni

ng
 la

be
l 

sy
ste

m
s f

or
 c

om
m

un
ic

at
in

g 
re

la
tiv

e 
ris

ks
 o

f c
ig

ar
et

te
s, 

he
at

ed
 to

ba
cc

o 
pr

od
uc

ts,
 a

nd
 e

-c
ig

ar
et

te
s: 

A
n 

ex
pe

rim
en

ta
l s

tu
dy

 w
ith

 K
or

ea
n 

ad
ul

ts

C
ho

, Y
. J

.; 
Th

ra
sh

er
, J

. F
.; 

D
av

is,
 R

.; 
K

im
, S

. H
.; 

H
ar

di
n,

 J.
; P

op
ov

a,
 L

.
In

t J
 D

ru
g 

Po
lic

y
20

21
-1

0-
06

B
A

C
K

G
R

O
U

N
D

: W
ar

ni
ng

 la
be

ls 
ar

e 
a 

fu
nd

am
en

ta
l p

ub
lic

 h
ea

lth
 st

ra
te

gy
 fo

r c
om

m
un

ic
at

in
g 

ab
ou

t t
ob

ac
co

 p
ro

du
ct

 ri
sk

s, 
bu

t 
ef

fe
ct

iv
e 

w
ar

ni
ng

 la
be

ls 
fo

r h
ea

te
d 

to
ba

cc
o 

pr
od

uc
ts 

(H
TP

s)
 a

nd
 e

-c
ig

ar
et

te
s (

EC
s)

 a
re

 y
et

 to
 b

e 
de

te
rm

in
ed

. W
e 

ex
am

in
ed

 th
e 

ef
fe

ct
 o

f t
w

o 
w

ar
ni

ng
 la

be
l s

ys
te

m
s f

or
 c

om
m

un
ic

at
in

g 
th

e 
re

la
tiv

e 
ris

ks
 o

f u
sin

g 
ci

ga
re

tte
s, 

H
TP

s, 
an

d 
EC

s. 
M

ET
H

O
D

S:
 

1,
28

0 
K

or
ea

n 
ad

ul
ts 

w
er

e 
re

cr
ui

te
d 

fr
om

 a
n 

on
lin

e 
co

m
m

er
ci

al
 p

an
el

, i
nc

lu
di

ng
 su

sc
ep

tib
le

 n
on

-u
se

rs
 o

f c
ig

ar
et

te
s, 

H
TP

s, 
or

 
EC

s a
ge

d 
19

 to
 2

9 
(n

 =
 4

44
) a

nd
 c

ur
re

nt
 u

se
rs

 o
f t

he
se

 to
ba

cc
o 

pr
od

uc
ts 

ag
ed

 1
9 

or
 o

ld
er

 (n
 =

 8
36

). 
Pa

rti
ci

pa
nt

s v
ie

w
ed

 
pa

ck
ag

es
 fo

r c
ig

ar
et

te
s, 

H
TP

s, 
an

d 
EC

s i
n 

a 
2 

× 
2 

be
tw

ee
n-

su
bj

ec
t e

xp
er

im
en

t: 
"d

as
hb

oa
rd

" i
co

ns
 in

te
gr

at
ed

 in
to

 w
ar

ni
ng

s v
s. 

no
 d

as
hb

oa
rd

; d
iff

er
en

t-s
iz

ed
 w

ar
ni

ng
s (

70
%

 o
f c

ig
ar

et
te

 p
ac

ka
ge

s, 
50

%
 o

f H
TP

 p
ac

ks
, 3

0%
 o

f E
C

 p
ac

ka
ge

s)
 v

s. 
cu

rre
nt

 e
qu

al
-

siz
ed

 w
ar

ni
ng

s (
50

%
 o

f c
ig

ar
et

te
/H

TP
/E

C
 p

ac
ka

ge
s)

. R
ES

U
LT

S:
 P

ar
tic

ip
an

ts 
ex

po
se

d 
to

 th
e 

da
sh

bo
ar

d 
w

ar
ni

ng
 sy

ste
m

 w
er

e 
m

or
e 

lik
el

y 
th

an
 th

os
e 

w
ho

 w
er

e 
no

t t
o 

re
po

rt 
hi

gh
er

 p
er

ce
iv

ed
 h

ar
m

 o
f c

ig
ar

et
te

s t
ha

n 
EC

s, 
ci

ga
re

tte
s t

ha
n 

H
TP

s, 
an

d 
H

TP
s 

th
an

 E
C

s, 
as

 w
el

l a
s p

er
ce

iv
ed

 b
en

ef
it 

of
 sw

itc
hi

ng
 fr

om
 c

ig
ar

et
te

s t
o 

H
TP

s, 
ci

ga
re

tte
s t

o 
EC

s, 
an

d 
H

TP
s t

o 
EC

s. 
Pa

rti
ci

pa
nt

s 
ex

po
se

d 
to

 th
e 

di
ff

er
en

t-s
iz

ed
 w

ar
ni

ng
 sy

ste
m

 d
id

 n
ot

 re
po

rt 
di

ff
er

en
ce

s i
n 

pe
rc

ei
ve

d 
re

la
tiv

e 
ha

rm
 o

r b
en

ef
it 

co
m

pa
re

d 
to

 
th

os
e 

w
ho

 w
er

e 
no

t, 
an

d 
no

 in
te

ra
ct

io
n 

of
 d

as
hb

oa
rd

 w
ar

ni
ng

s w
ith

 w
ar

ni
ng

 si
ze

s w
as

 fo
un

d.
 C

O
N

C
LU

SI
O

N
: T

he
 u

se
 o

f 
da

sh
bo

ar
d 

ic
on

s w
ith

 te
xt

s a
nd

 c
ol

or
s r

ep
re

se
nt

in
g 

di
ff

er
en

t l
ev

el
s o

f r
isk

 m
ay

 p
ro

m
ot

e 
pu

bl
ic

 u
nd

er
sta

nd
in

g 
ab

ou
t t

he
 

co
nt

in
uu

m
 o

f r
isk

 a
cr

os
s t

ob
ac

co
 p

ro
du

ct
s.

A
w

ar
en

es
s &

 
Pe

rc
ep

tio
ns

E-
le

ar
ni

ng
 c

ou
rs

e 
im

pr
ov

es
 k

no
w

le
dg

e 
in

 to
ba

cc
o 

de
pe

nd
en

ce
, e

le
ct

ro
ni

c 
ni

co
tin

e 
de

liv
er

y 
sy

ste
m

s a
nd

 h
ea

t-n
ot

-
bu

rn
 p

ro
du

ct
s i

n 
M

ed
ic

al
 S

ch
oo

l 
stu

de
nt

s

M
ile

lla
, M

. S
.; 

Sa
ns

on
e,

 
A

.; 
B

as
ili

, S
.; 

B
at

ta
gl

ia
, 

G
.; 

La
 T

or
re

, G
.; 

Fe
rk

et
ic

h,
 A

. K
.; 

G
ra

ss
i, 

M
. C

.

C
lin

 T
er

20
21

-1
0-

01

B
A

C
K

G
R

O
U

N
D

: A
de

qu
at

e 
tra

in
in

g 
in

 to
ba

cc
o,

 n
ic

ot
in

e 
de

pe
nd

en
ce

 a
nd

 tr
ea

tm
en

t i
s l

ac
ki

ng
 in

 M
ed

ic
al

 S
ch

oo
l e

du
ca

tio
n.

 
W

ith
 th

e 
ris

e 
in

 p
op

ul
ar

ity
 o

f e
le

ct
ro

ni
c 

al
te

rn
at

iv
es

 to
 c

ig
ar

et
te

s, 
fu

tu
re

 p
hy

sic
ia

ns
 sh

ou
ld

 a
lso

 b
e 

pr
ov

id
ed

 w
ith

 th
e 

m
or

e 
re

ce
nt

 sc
ie

nt
ifi

c 
ev

id
en

ce
 o

n 
th

es
e 

pr
od

uc
ts 

du
rin

g 
th

ei
r u

nd
er

gr
ad

ua
te

 st
ud

ie
s. 

W
e 

in
tro

du
ce

d 
an

 e
-le

ar
ni

ng
 c

ou
rs

e 
fo

r M
ed

ic
al

 
Sc

ho
ol

 st
ud

en
ts 

an
d 

as
se

ss
ed

 it
s e

ff
ec

-ti
ve

ne
ss

 o
f i

nc
re

as
in

g 
kn

ow
le

dg
e 

on
 th

es
e 

to
pi

cs
. M

ET
H

O
D

S:
 W

e 
de

ve
lo

pe
d 

16
 d

id
ac

tic
 

m
od

ul
es

 d
iv

id
ed

 in
 3

 c
ou

rs
es

: t
ob

ac
co

 d
ep

en
de

nc
e 

(T
D

I),
 tr

ea
tin

g 
to

ba
cc

o 
de

pe
nd

en
ce

 (T
D

II)
 a

nd
 e

le
ct

ro
ni

c 
pr

od
uc

ts 
an

d 
to

ba
cc

o 
co

nt
ro

l (
TD

III
). 

Th
e 

co
ur

se
 w

as
 o

ff
er

ed
 to

 4
th

, 5
th

, a
nd

 6
th

 y
ea

r M
ed

ic
al

 S
ch

oo
l s

tu
de

nt
s i

n 
Ita

ly
. T

o 
as

se
ss

 le
ar

ni
ng

 
ou

tc
om

es
, w

e 
ex

am
in

ed
 th

e 
pr

e-
 to

 p
os

t- 
ch

an
ge

s i
n 

kn
ow

le
dg

e 
sc

or
es

 a
ss

oc
ia

te
d 

w
ith

 e
ac

h 
co

ur
se

. P
ai

re
d 

an
d 

in
de

pe
nd

en
t 

sa
m

pl
es

 t-
te

sts
 w

er
e 

pe
rf

or
m

ed
 o

ve
ra

ll,
 a

nd
 a

m
on

g 
sm

ok
er

s a
nd

 n
on

-s
m

ok
er

s s
ep

ar
at

el
y.

 R
ES

U
LT

S:
 A

 to
ta

l o
f 1

31
8 

stu
de

nt
s 

co
m

pl
et

ed
 a

t l
ea

st 
on

e 
of

 th
e 

co
ur

se
s; 

21
%

 w
er

e 
se

lf-
re

po
rte

d 
sm

ok
er

s. 
A

 si
gn

ifi
ca

nt
 in

cr
ea

se
 in

 k
no

w
le

dg
e 

w
as

 o
bs

er
ve

d 
at

 th
e 

en
d 

of
 T

D
I (

pr
e-

co
ur

se
: 5

2.
1±

15
.9

, p
os

t-c
ou

rs
e:

 7
9.

9±
13

.5
, p

<0
.0

01
), 

TD
II 

(p
re

-c
ou

rs
e:

 5
2.

5±
13

.0
, p

os
t-c

ou
rs

e:
 6

6.
5±

12
.0

, 
p<

0.
00

1)
 a

nd
 T

D
III

 (p
re

-c
ou

rs
e:

 5
2.

2±
15

.3
, p

os
t-c

ou
rs

e:
 7

6.
1±

17
.7

, p
<0

.0
01

). 
Sm

ok
er

s s
ho

w
ed

 si
gn

ifi
ca

nt
ly

 lo
w

er
 

im
pr

ov
em

en
ts 

co
m

pa
re

d 
to

 n
on

-s
m

ok
er

s. 
C

O
N

C
LU

SI
O

N
S:

 T
he

 e
-le

ar
ni

ng
 c

ou
rs

e 
w

as
 e

ff
ec

tiv
e 

in
 in

cr
ea

sin
g 

kn
ow

le
dg

e 
ab

ou
t 

to
ba

cc
o 

de
pe

nd
en

ce
, t

re
at

m
en

ts,
 a

nd
 e

le
ct

ro
ni

c 
ni

-c
ot

in
e 

pr
od

uc
ts 

in
 a

dv
an

ce
d 

m
ed

ic
al

 st
ud

en
ts.

 G
iv

en
 th

e 
fu

nd
am

en
ta

l r
ol

e 
fo

r h
ea

lth
ca

re
 p

ra
ct

iti
on

er
s i

n 
en

co
ur

ag
in

g 
an

d 
as

sis
tin

g 
pe

op
le

 in
 q

ui
tti

ng
 sm

ok
in

g,
 e

-le
ar

ni
ng

 m
ay

 b
e 

a 
us

ef
ul

 to
ol

 in
 

pr
ov

id
in

g 
up

-to
-d

at
e 

an
d 

sta
nd

ar
di

ze
d 

tra
in

in
g 

in
 th

e 
ar

ea
 d

ur
in

g 
M

ed
ic

al
 S

ch
oo

l.



A
w

ar
en

es
s &

 
Pe

rc
ep

tio
ns

H
ar

m
 p

er
ce

pt
io

ns
 o

f n
ic

ot
in

e-
co

nt
ai

ni
ng

 p
ro

du
ct

s, 
an

d 
as

so
ci

at
ed

 
so

ur
ce

s o
f i

nf
or

m
at

io
n,

 in
 U

K
 a

du
lts

 
w

ith
 a

nd
 w

ith
ou

t m
en

ta
l i

ll-
he

al
th

: a
 

cr
os

s-
se

ct
io

na
l s

ur
ve

y

Pe
rm

an
-H

ow
e,

 P
. R

.; 
H

or
to

n,
 M

.; 
R

ob
so

n,
 D

.; 
M

cD
er

m
ot

t, 
M

. S
.; 

M
cN

ei
ll,

 A
.; 

B
ro

se
, L

. S
.

A
dd

ic
tio

n
20

21
-0

8-
02

B
A

C
K

G
R

O
U

N
D

 A
N

D
 A

IM
S:

 P
eo

pl
e 

w
ith

 m
en

ta
l i

ll-
he

al
th

 a
re

 m
or

e 
lik

el
y 

to
 sm

ok
e 

an
d 

ex
pe

rie
nc

e 
sm

ok
in

g-
re

la
te

d 
ha

rm
 

th
an

 th
os

e 
w

ith
ou

t. 
Sw

itc
hi

ng
 fr

om
 c

om
bu

sti
bl

e 
to

ba
cc

o 
to

 lo
w

er
 ri

sk
 n

ic
ot

in
e-

co
nt

ai
ni

ng
 p

ro
du

ct
s m

ay
 b

e 
of

 b
en

ef
it;

 h
ow

ev
er

, 
m

isp
er

ce
pt

io
ns

 o
f h

ar
m

 m
ay

 p
re

ve
nt

 th
ei

r u
se

. W
e 

ai
m

ed
 to

 a
ss

es
s, 

am
on

g 
ad

ul
ts 

w
ith

 a
nd

 w
ith

ou
t m

en
ta

l i
ll-

he
al

th
, (

1)
 

pe
rc

ep
tio

ns
 o

f h
ar

m
 fr

om
 n

ic
ot

in
e 

an
d 

re
la

tiv
e 

ha
rm

 a
nd

 a
dd

ic
tiv

en
es

s o
f d

iff
er

en
t n

ic
ot

in
e-

co
nt

ai
ni

ng
 p

ro
du

ct
s a

nd
 (2

) s
ou

rc
es

 
of

 in
fo

rm
at

io
n 

as
so

ci
at

ed
 w

ith
 h

ar
m

 p
er

ce
pt

io
ns

. D
ES

IG
N

: C
ro

ss
-s

ec
tio

na
l s

tu
dy

. S
ET

TI
N

G
 A

N
D

 P
A

R
TI

C
IP

A
N

TS
: O

nl
in

e 
su

rv
ey

 o
f a

du
lts

 (n
=3

40
0)

 w
ho

 sm
ok

e 
ci

ga
re

tte
s a

nd
/o

r u
se

 e
-c

ig
ar

et
te

s, 
or

 re
ce

nt
ly

 st
op

pe
d,

 in
 th

e 
U

ni
te

d 
K

in
gd

om
. 

M
EA

SU
R

EM
EN

TS
: O

ut
co

m
es

: h
ar

m
 p

er
ce

pt
io

ns
 o

f n
ic

ot
in

e;
 re

la
tiv

e 
pe

rc
ei

ve
d 

ha
rm

 a
nd

 a
dd

ic
tiv

en
es

s o
f d

iff
er

en
t n

ic
ot

in
e-

co
nt

ai
ni

ng
 p

ro
du

ct
s; 

so
ur

ce
s o

f i
nf

or
m

at
io

n 
fo

r h
ar

m
 p

er
ce

pt
io

ns
 o

f n
ic

ot
in

e,
 c

ig
ar

et
te

 sm
ok

in
g,

 e
-c

ig
ar

et
te

s. 
D

em
og

ra
ph

ic
s: 

se
x,

 a
ge

, e
du

ca
tio

n,
 e

th
ni

c 
gr

ou
p,

 re
gi

on
. O

th
er

 m
ea

su
re

s: 
se

lf-
re

po
rte

d 
sm

ok
in

g,
 v

ap
in

g,
 a

nd
 m

en
ta

l h
ea

lth
 st

at
us

. 
A

N
A

LY
SE

S:
 fr

eq
ue

nc
ie

s a
nd

 lo
gi

sti
c 

re
gr

es
sio

ns
 a

dj
us

tin
g 

fo
r d

em
og

ra
ph

ic
/o

th
er

 m
ea

su
re

s. 
FI

N
D

IN
G

S:
 A

m
on

g 
th

os
e 

w
ith

 
se

rio
us

 m
en

ta
l d

ist
re

ss
 (v

er
su

s n
o/

lo
w

 m
en

ta
l d

ist
re

ss
): 

9.
6%

 (1
3.

9%
, a

dj
us

te
d 

od
ds

 ra
tio

 (A
O

R
) 0

.6
9 

(0
.5

0-
0.

97
)) 

co
rre

ct
ly

 
id

en
tif

ie
d 

th
at

 n
on

e/
ve

ry
 sm

al
l a

m
ou

nt
 o

f t
he

 h
ea

lth
 ri

sk
s o

f s
m

ok
in

g 
ci

ga
re

tte
s c

om
e 

fr
om

 n
ic

ot
in

e;
 4

1.
7%

 (5
3.

5%
, A

O
R

 0
.6

7 
(0

.5
4-

0.
84

)) 
pe

rc
ei

ve
d 

e-
ci

ga
re

tte
s, 

an
d 

53
.2

%
 (7

0.
3%

, A
O

R
 0

.6
2 

(0
.5

0-
0.

77
)) 

pe
rc

ei
ve

d 
ni

co
tin

e 
re

pl
ac

em
en

t t
he

ra
py

, t
o 

be
 

le
ss

 h
ar

m
fu

l t
ha

n 
ci

ga
re

tte
s; 

42
.1

%
 (5

1.
3%

, A
O

R
 0

.7
7 

(0
.6

2-
0.

95
)) 

pe
rc

ei
ve

d 
e-

ci
ga

re
tte

s a
s b

ei
ng

 le
ss

 li
ke

ly
 th

an
 c

ig
ar

et
te

s t
o 

ca
us

e 
ca

nc
er

, 3
5.

4%
 (4

5.
5%

, A
O

R
 0

.7
1 

(0
.5

7-
0.

88
)) 

he
ar

t a
tta

ck
s a

nd
 3

4.
9%

 (4
2.

3%
, A

O
R

 0
.8

0 
(0

.6
4-

0.
99

)) 
lu

ng
 p

ro
bl

em
s. 

Th
e 

m
os

t p
op

ul
ar

 so
ur

ce
s o

f i
nf

or
m

at
io

n 
fo

r c
ig

ar
et

te
 sm

ok
in

g,
 e

-c
ig

ar
et

te
s a

nd
 n

ic
ot

in
e 

w
er

e 
sc

ie
nt

ifi
c 

ex
pe

rts
' o

pi
ni

on
s a

nd
 

m
ed

ia
 re

po
rts

, w
ith

 li
ttl

e 
va

ria
tio

n 
by

 m
en

ta
l d

ist
re

ss
. C

O
N

C
LU

SI
O

N
S:

 A
m

on
g 

ad
ul

ts 
w

ith
 a

 h
ist

or
y 

of
 to

ba
cc

o 
an

d/
or

 e
-

ci
ga

re
tte

 u
se

, t
ho

se
 w

ith
 se

rio
us

 m
en

ta
l d

ist
re

ss
 a

pp
ea

r t
o 

ha
ve

 le
ss

 a
cc

ur
at

e 
ha

rm
 p

er
ce

pt
io

ns
 o

f n
ic

ot
in

e 
an

d 
ni

co
tin

e-
co

nt
ai

ni
ng

 p
ro

du
ct

s t
ha

n 
th

os
e 

w
ith

 n
o/

lo
w

 d
ist

re
ss

, d
es

pi
te

 re
po

rti
ng

 si
m

ila
r s

ou
rc

es
 o

f i
nf

or
m

at
io

n.

A
w

ar
en

es
s &

 
Pe

rc
ep

tio
ns

Ef
fe

ct
 o

f a
 h

yp
ot

he
tic

al
 m

od
ifi

ed
 ri

sk
 

to
ba

cc
o 

pr
od

uc
t c

la
im

 o
n 

he
at

ed
 

to
ba

cc
o 

pr
od

uc
t u

se
 in

te
nt

io
n 

an
d 

pe
rc

ep
tio

ns
 in

 y
ou

ng
 a

du
lts

C
he

n-
Sa

nk
ey

, J
. C

.; 
K

ec
ht

er
, A

.; 
B

ar
rin

gt
on

-
Tr

im
is,

 J.
; M

cC
on

ne
ll,

 R
.; 

K
ru

eg
er

, E
. A

.; 
C

ru
z,

 T
. 

B
.; 

U
ng

er
, J

. B
.; 

C
ha

ff
ee

, 
B

. W
.; 

Le
ve

nt
ha

l, 
A

.

To
ba

cc
o 

C
on

tro
l

20
21

-0
5-

31

IN
TR

O
D

U
C

TI
O

N
: M

od
ifi

ed
 ri

sk
 to

ba
cc

o 
pr

od
uc

t (
M

R
TP

) c
la

im
s f

or
 h

ea
te

d 
to

ba
cc

o 
pr

od
uc

ts 
(H

TP
s)

 th
at

 c
on

ve
y 

re
du

ce
d 

ex
po

su
re

 c
om

pa
re

d 
w

ith
 c

on
ve

nt
io

na
l c

ig
ar

et
te

s m
ay

 p
ro

m
ot

e 
pr

od
uc

t i
ni

tia
tio

n 
an

d 
tra

ns
iti

on
 a

m
on

g 
yo

un
g 

pe
op

le
. W

e 
as

se
ss

ed
 th

e 
ef

fe
ct

s o
f a

 h
yp

ot
he

tic
al

 M
R

TP
 c

la
im

 fo
r H

TP
s o

n 
yo

un
g 

ad
ul

ts'
 in

te
nt

io
n 

an
d 

pe
rc

ep
tio

ns
 o

f u
sin

g 
H

TP
s a

nd
 

w
he

th
er

 th
es

e 
ef

fe
ct

s d
iff

er
ed

 b
y 

th
ei

r c
ur

re
nt

 c
ig

ar
et

te
 a

nd
 e

-c
ig

ar
et

te
 u

se
. M

ET
H

O
D

S:
 W

e 
em

be
dd

ed
 a

 ra
nd

om
ise

d 
be

tw
ee

n-
su

bj
ec

ts 
ex

pe
rim

en
t i

nt
o 

a 
w

eb
-b

as
ed

 su
rv

ey
 a

dm
in

ist
er

ed
 a

m
on

g 
a 

co
ho

rt 
of

 2
35

4 
So

ut
he

rn
 C

al
ifo

rn
ia

 y
ou

ng
 a

du
lts

 (a
ge

d 
20

-
23

) i
n 

20
20

. P
ar

tic
ip

an
ts 

vi
ew

ed
 d

ep
ic

tio
ns

 o
f H

TP
s w

ith
 a

n 
M

R
TP

 c
la

im
 (n

=1
19

0)
 o

r n
o 

cl
ai

m
 (n

=1
16

4)
. H

TP
 u

se
 in

te
nt

io
n 

an
d 

H
TP

-re
la

te
d 

ha
rm

 a
nd

 u
se

 p
er

ce
pt

io
ns

 re
la

tiv
e 

to
 c

ig
ar

et
te

s a
nd

 e
-c

ig
ar

et
te

s w
er

e 
as

se
ss

ed
. R

ES
U

LT
S:

 O
ve

ra
ll,

 p
ar

tic
ip

an
ts 

w
ho

 v
ie

w
ed

 v
er

su
s d

id
 n

ot
 v

ie
w

 th
e 

cl
ai

m
 d

id
 n

ot
 d

iff
er

 in
 H

TP
 u

se
 in

te
nt

io
n 

(2
8.

5%
 v

s 2
8.

7%
) b

ut
 w

er
e 

m
or

e 
lik

el
y 

to
 

pe
rc

ei
ve

 H
TP

s a
s l

es
s h

ar
m

fu
l t

ha
n 

ci
ga

re
tte

s (
11

.4
%

 v
s 7

.0
%

; p
<0

.0
01

). 
Th

e 
ex

pe
rim

en
ta

l e
ff

ec
t o

n 
H

TP
 u

se
 in

te
nt

io
n 

di
d 

no
t 

di
ff

er
 a

m
on

g 
pa

st 
30

-d
ay

 c
ig

ar
et

te
 sm

ok
er

s v
er

su
s n

on
-s

m
ok

er
s (

in
te

ra
ct

io
n 

ad
ju

ste
d 

O
R

 (A
O

R
)=

0.
78

, 9
5%

 C
I 0

.3
6 

to
 1

.7
6)

 
bu

t d
iff

er
ed

 a
m

on
g 

pa
st 

30
-d

ay
 e

-c
ig

ar
et

te
 u

se
rs

 v
er

su
s n

on
-u

se
rs

 (i
nt

er
ac

tio
n 

A
O

R
=1

.6
7,

 9
5%

 C
I 1

.0
2 

to
 2

.6
8)

. 
D

IS
C

U
SS

IO
N

: T
he

 h
yp

ot
he

tic
al

 M
R

TP
 c

la
im

 m
ay

 lo
w

er
 y

ou
ng

 a
du

lts
' H

TP
 h

ar
m

 p
er

ce
pt

io
ns

 c
om

pa
re

d 
w

ith
 c

ig
ar

et
te

s b
ut

 
m

ay
 n

ot
 c

ha
ng

e 
H

TP
 u

se
 in

te
nt

io
n 

ov
er

al
l o

r d
iff

er
en

tia
lly

 fo
r c

ig
ar

et
te

 sm
ok

er
s. 

Th
e 

la
rg

er
 e

ff
ec

t o
n 

H
TP

 u
se

 in
te

nt
io

n 
am

on
g 

e-
ci

ga
re

tte
 u

se
rs

 th
an

 n
on

-u
se

rs
 ra

ise
s t

he
 q

ue
sti

on
 o

f w
he

th
er

 M
R

TP
 c

la
im

s m
ay

 p
ro

m
ot

e 
H

TP
 u

se
 o

r H
TP

 a
nd

 e
-c

ig
ar

et
te

 d
ua

l 
us

e 
am

on
g 

yo
un

g 
e-

ci
ga

re
tte

 u
se

rs
.

A
w

ar
en

es
s &

 
Pe

rc
ep

tio
ns

R
isk

 P
er

ce
pt

io
ns

 o
f L

ow
 N

ic
ot

in
e 

C
ig

ar
et

te
s a

nd
 A

lte
rn

at
iv

e 
N

ic
ot

in
e 

Pr
od

uc
ts 

ac
ro

ss
 P

rio
rit

y 
Sm

ok
in

g 
Po

pu
la

tio
ns

D
en

lin
ge

r-A
pt

e,
 R

. L
.; 

Pa
ce

k,
 L

. R
.; 

R
os

s, 
J. 

C
.; 

B
an

sa
l-T

ra
ve

rs
, M

.; 
D

on
ny

, E
. C

.; 
H

at
su

ka
m

i, 
D

. K
.; 

C
ar

ro
ll,

 D
. M

.

In
t J

 E
nv

iro
n 

R
es

 P
ub

lic
 

H
ea

lth
20

21
-0

5-
02

B
A

C
K

G
R

O
U

N
D

: A
s t

he
 U

.S
. F

oo
d 

an
d 

D
ru

g 
A

dm
in

ist
ra

tio
n 

co
ns

id
er

s a
 lo

w
 n

ic
ot

in
e 

pr
od

uc
t s

ta
nd

ar
d 

fo
r c

ig
ar

et
te

s, 
it 

is 
im

po
rta

nt
 to

 e
xa

m
in

e 
ho

w
 p

eo
pl

e 
w

ho
 sm

ok
e,

 e
sp

ec
ia

lly
 in

di
vi

du
al

s f
ro

m
 p

rio
rit

y 
po

pu
la

tio
ns

 d
isp

ro
po

rti
on

at
el

y 
af

fe
ct

ed
 b

y 
sm

ok
in

g,
 p

er
ce

iv
e 

lo
w

 n
ic

ot
in

e 
co

nt
en

t (
LN

C
) c

ig
ar

et
te

s a
nd

 th
ei

r r
el

at
iv

e 
ris

k 
pe

rc
ep

tio
ns

 o
f a

lte
rn

at
iv

e 
ni

co
tin

e 
de

liv
er

y 
sy

ste
m

 (A
N

D
S)

 p
ro

du
ct

s, 
in

cl
ud

in
g 

e-
ci

ga
re

tte
s a

nd
 sn

us
, a

nd
 m

ed
ic

in
al

 n
ic

ot
in

e.
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l c
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f m
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ts.

 R
ES

U
LT

S:
 T

he
 m

aj
or

ity
 o

f r
es

po
nd

en
ts 

ac
ro

ss
 p
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 c
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l c
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s m
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 C
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re
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ra
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 o
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 c
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 e
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 c

ho
ic

e 
ex

pe
rim

en
t (

D
C

E)
 a

dm
in

ist
er

ed
 to

 2
03

8 
hi

gh
 sc

ho
ol

 st
ud

en
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 p
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h 
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uc
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l m
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ul

at
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 b
ra
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 p
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 b
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l l
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 re
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 c
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 c
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) c
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 p
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s l
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 a

s a
 su

bs
tit

ut
e 

fo
r t

he
 ra

ng
e 

of
 tr

ad
iti

on
al

 c
ig

ar
et

te
s m

ar
ke

te
d 

by
 P

hi
lip

 M
or

ris
 

In
te

rn
at

io
na

l. 
C

O
N

C
LU

SI
O

N
S:

 A
s t

he
re

 is
 st

ill
 n

o 
co

ns
en

su
s t

ha
t H

TP
s a

re
 e

xp
lic

itl
y 

le
ss

 h
ar

m
fu

l t
o 

he
al

th
, h

ea
lth

 a
ut

ho
rit

ie
s 

m
us

t c
on

tro
l m

es
sa

ge
s s

ug
ge

sti
ng

 im
pr

ov
ed

 h
ea

lth
 o

ut
co

m
es

 th
an

ks
 to

 H
TP

 u
sa

ge
 w

he
n 

co
m

pa
re

d 
to

 tr
ad

iti
on

al
 c

ig
ar

et
te

s. 
Su

ch
 m

es
sa

ge
s c

ou
ld

 g
en

er
at

e 
a 

fa
lse

 se
ns

e 
of

 se
cu

rit
y 

an
d 

le
ad

 to
 a

n 
in

cr
ea

se
 in

 th
e 

co
ns

um
pt

io
n 

of
 to

ba
cc

o.
 In

 S
pa

in
 H

ee
ts 

in
 

a 
ca

te
go

ry
 th

at
 h

as
 a

 lo
w

er
 ta

x 
bu

rd
en

 th
an

 th
e 

ca
te

go
ry

 o
f t

ra
di

tio
na

l c
ig

ar
et

te
s. 

Ta
x 

au
th

or
iti

es
 m

us
t c

on
sid

er
 th

is 
m

ig
ra

tio
n 

an
d 

th
e 

im
pa

ct
 th

is 
m

ay
 h

av
e 

on
 ta

x 
co

lle
ct

io
n.

Pr
od

uc
t D

es
ig

n
In

flu
en

ce
 o

f t
he

 C
ol

or
 a

nd
 L

og
o 

Po
sit

io
n 

of
 H

N
B

 P
ro

du
ct

s o
n 

U
se

r 
Ex

pe
rie

nc
e 

B
as

ed
 o

n 
Ey

e 
Tr

ac
ki

ng

Su
n,

 L
ili

; H
u,

 L
iz

ho
ng

; 
X

ia
ng

, L
ei

; W
an

g,
 

X
iu

lin
g;

 W
u,

 L
ei

; C
ao

, 
H

ua
i

Le
ct

ur
e 

N
ot

es
 in

 
C

om
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te
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Th
is 

pa
pe

r r
ep

or
ts 

on
 tw

o 
ex

pe
rim

en
ta

l p
sy

ch
ol

og
y 

stu
di

es
 o

n 
in

flu
en

ce
 o

f t
he

 c
ol

or
 a

nd
 lo

go
 p

os
iti

on
 in

 th
e 

fie
ld

 o
f H

N
B

 
pr

od
uc

t, 
w

hi
ch

 u
se

d 
to

 m
ea

su
re

 th
e 

us
er

 e
xp

er
ie

nc
e.

 B
as

ed
 o

n 
th

e 
ey

e 
tra

ck
in

g 
m

et
ho

d,
 w

e 
co

nd
uc

te
d 

tw
o 

ex
pe

rim
en

ta
l s

tu
di

es
. 

Th
e 

in
de

pe
nd

en
t v

ar
ia

bl
es

 w
er

e 
th

e 
di

ff
er

en
t c

ol
or

s a
nd

 lo
go

 p
os

iti
on

 o
f H

N
B

 p
ro

du
ct

s. 
Th

e 
de

pe
nd

en
t v

ar
ia

bl
es

 in
cl

ud
e 

fir
st 

fix
at

io
n 

tim
e,

 fi
rs

t f
ix

at
io

n 
du

ra
tio

n,
 to

ta
l f

ix
at

io
n 

du
ra

tio
n,

 se
co

nd
 fi

xa
tio

n 
tim

e 
an

d 
su

bj
ec

tiv
e 

ev
al

ua
tio

n.
 A

 to
ta

l o
f 6

8 
pe

op
le

 
pa

rti
ci

pa
te

d 
in

 th
e 

ex
pe

rim
en

t. 
Th

e 
m

ai
n 

fin
di

ng
s o

f t
hi

s s
tu

dy
 w

er
e 

as
 fo

llo
w

s: 
(1

) I
n 

te
rm

s o
f H

N
B

 c
ol

or
 p

re
fe

re
nc

e,
 b

la
ck

 
an

d 
w

hi
te

 w
er

e 
th

e 
m

os
t a

cc
ep

ta
bl

e 
co

lo
rs

. (
2)

 In
 th

e 
se

le
ct

io
n 

of
 lo

go
 p

os
iti

on
, t

he
 lo

w
er

 ri
gh

t a
nd

 u
pp

er
 ri

gh
t p

os
iti

on
 w

er
e 

m
or

e 
po

pu
la

r w
ith

 u
se

rs
. (

3)
 T

he
 fi

rs
t f

ix
at

io
n 

tim
e 

an
d 

th
e 

se
co

nd
 fi

xa
tio

n 
tim

e 
ca

n 
re

fle
ct

 th
e 

m
os

t r
ea

l i
nn

er
 e

xp
er

ie
nc

e.
 In

 
ad

di
tio

n,
 th

is 
stu

dy
 p

ro
vi

de
s a

 m
et

ho
d 

fo
r r

ef
er

en
ce

 v
al

ue
 w

ith
 c

on
su

m
er

 d
ec

isi
on

-m
ak

in
g 

fo
r t

he
 in

du
str

ia
l d

es
ig

n 
op

tim
iz

at
io

n 
in

 re
la

te
 c

on
su

m
er

 e
le

ct
ro

ni
c 

pr
od

uc
t f

ie
ld

s.

Pr
od

uc
t D

es
ig

n
C

ro
ss

-C
ul

tu
ra

l R
es

ea
rc

h 
on

 C
on

su
m

er
 

D
ec

isi
on

 M
ak

in
g 

of
 H

N
B

 P
ro

du
ct

 
M

od
el

in
g 

B
as

ed
 o

n 
Ey

e 
Tr

ac
ki

ng

H
u,

 L
iz

ho
ng

; S
un

, L
ili

; 
Zh

a,
 Y

on
g;

 C
he

n,
 M

in
; 

W
u,

 L
ei

; C
ao

, H
ua

i

Le
ct

ur
e 

N
ot

es
 in

 
C

om
pu

te
r S

ci
en

ce
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21
-0
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Th
is 

pa
pe

r r
ep

or
ts 

on
 a

 c
ro

ss
-c

ul
tu

ra
l s

tu
dy

 o
n 

m
od

el
in

g 
sty

le
s i

n 
di

ff
er

en
t c

ou
nt

rie
s i

n 
th

e 
fie

ld
 o

f H
N

B
 p

ro
du

ct
, w

hi
ch

 is
 u

se
d 

to
 m

ea
su

re
 th

e 
co

ns
um

er
 d

ec
isi

on
-m

ak
in

g.
 B

as
ed

 o
n 

th
e 

ey
e 

tra
ck

in
g 

m
et

ho
d,

 w
e 

co
nd

uc
te

d 
an

 e
xp

er
im

en
t s

tu
dy

. T
he

 
in

de
pe

nd
en

t v
ar

ia
bl

es
 w

er
e 

th
e 

H
N

B
 p

ro
du

ct
 in

 in
te

rn
at

io
na

l b
ra

nd
 a

nd
 d

om
es

tic
 b

ra
nd

. T
he

 d
ep

en
de

nt
 v

ar
ia

bl
es

 in
cl

ud
e 

th
e 

pu
pi

l d
ia

m
et

er
 a

nd
 su

bj
ec

tiv
e 

ev
al

ua
tio

n.
 A

 to
ta

l o
f 6

8 
su

bj
ec

ts 
pa

rti
ci

pa
te

d 
in

 th
e 

ex
pe

rim
en

t. 
Th

e 
m

ai
n 

fin
di

ng
s o

f t
hi

s s
tu

dy
 

w
er

e 
as

 fo
llo

w
s. 

(1
) B

as
ed

 o
n 

th
e 

he
at

 m
ap

 a
na

ly
sis

, t
he

 lo
go

, d
ec

or
at

iv
e 

rib
bo

n 
an

d 
in

di
ca

to
r l

ig
ht

 a
re

 th
e 

m
ai

n 
of

 c
on

su
m

er
’s

 
vi

su
al

 a
tte

nt
io

n 
ar

ea
s. 

(2
) T

he
 m

ea
n 

pu
pi

l d
ia

m
et

er
 o

f i
nt

er
na

tio
na

l b
ra

nd
 w

as
 h

ig
he

r t
ha

n 
do

m
es

tic
 b

ra
nd

s. 
H

ow
ev

er
, t

he
 

di
ff

er
en

ce
 b

et
w

ee
n 

th
e 

m
ax

im
um

 a
nd

 m
in

im
um

 p
up

il 
di

am
et

er
 in

 d
om

es
tic

 b
ra

nd
s w

as
 h

ig
he

r t
ha

n 
in

te
rn

at
io

na
l b

ra
nd

. (
3)

 
Fr

om
 th

e 
pe

rs
pe

ct
iv

e 
of

 su
bj

ec
tiv

e 
ev

al
ua

tio
n,

 th
e 

in
te

rn
at

io
na

l b
ra

nd
 h

as
 th

e 
hi

gh
er

 re
sp

on
de

nt
s s

co
re

 th
an

 d
om

es
tic

 b
ra

nd
s. 

In
 

ad
di

tio
n,

 th
is 

stu
dy

 p
ro

vi
de

s a
 m

et
ho

d 
fo

r r
ef

er
en

ce
 v

al
ue

 w
ith

 c
on

su
m

er
 d

ec
isi

on
-m

ak
in

g 
fo

r t
he

 d
es

ig
n 

in
 re

la
te

d 
co

ns
um

er
 

el
ec

tro
ni

c 
pr

od
uc

t f
ie

ld
s.


