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ABSTRACT
The European Union Tobacco Products Directive (EU TPD) mandates enhanced 
reporting obligations for tobacco manufacturers regarding 15 priority additives. 
Within the Joint Action on Tobacco Control (JATC), a review panel of independent 
experts was appointed for the scientific evaluation of the additive reports submitted 
by a consortium of 12 tobacco manufacturers. As required by the TPD, the reports 
were evaluated based on their comprehensiveness, methodology and conclusions. In 
addition, we evaluated the chemical, toxicological, addictive, inhalation facilitating 
and flavoring properties of the priority additives based on the submitted reports, 
supplemented by the panel’s expert knowledge and some independent literature. 
The industry concluded that none of the additives is associated with concern. Due 
to significant methodological limitations, we question the scientific validity of these 
conclusions and conclude that they are not warranted. Our review demonstrates 
that many issues regarding toxicity, addictiveness and attractiveness of the 
additives have not been sufficiently addressed, and therefore concerns remain. 
For example, menthol facilitates inhalation by activation of the cooling receptor 
TRPM8. The addition of sorbitol and guar gum leads to a significant increase of 
aldehydes that may contribute to toxicity and addictiveness. Titanium dioxide 
particles (aerodynamic diameter <10 µm) are legally classified as carcinogenic 
when inhaled. For diacetyl no report was provided. Overall, the industry reports 
were not comprehensive, and the information presented provides an insufficient 
basis for the regulation of most additives. We, therefore, advise MS to consider 
alternative approaches such as the precautionary principle.   

ABBREVIATIONS CMR: carcinogenic mutagenic reprotoxic; COPD: chronic obstructive pulmonary disease; EC: European Commission; 
EU: European Union; EU-CEG: European Common Entry Gate; IARC: International Agency for Research on Cancer; JATC: Joint 
Action on Tobacco Control; NIOSH: National Institute for Occupational Safety and Health; MAO: monoamine oxidase; MS: Member 
State; MSS: mainstream smoke; RYO: roll your own; SCENIHR: Scientific Committee on Emerging and Newly Identified Health Risks; 
SCHEER: Scientific Committee on Health; Environmental and Emerging Risks; SCOEL: Scientific Committee on Occupational Exposure 
Limits; TiO2: titanium dioxide; TobReg: WHO Study Group on Tobacco Product Regulation; TPD: Tobacco Products Directive 2014/40/
EU; TRPM8: transient receptor potential cation channel melastatin 8

Tob. Prev. Cessation 2022;8(July):27	 https://doi.org/10.18332/tpc/151529

INTRODUCTION
In 2014, the European Tobacco Products Directive (TPD, 2014/40/EU)1 
entered into force. This directive lays down harmonized regulations regarding 
the manufacture, presentation and sale of tobacco and related products. Among 
other things, it concerns the regulation of ingredients and indicates that MS shall 
prohibit the placing on the market of tobacco products containing ingredients that 

AFFILIATION
1 Centre for Health Protection, 
National Institute for Public 
Health and the Environment, 
Bilthoven, Netherlands 
2 German Federal Institute for 
Risk Assessment, Berlin, Germany 
3 Hellenic Thoracic Society, 
Athens, Greece
4 School of Applied Arts and 
Sustainable Design, Hellenic Open 
University, Athens, Greece 
5 Université de Bordeaux, 
Bordeaux, France
6 French Agency for Food, 
Environmental and Occupational 
Health and Safety, Paris, France 
7 Norwegian Institute of Public 
Health, Oslo, Norway 
8 Istituto Superiore di Sanità, 
Rome, Italy
9 Sorbonne University, Paris, 
France 	
10 Hellenic Cancer Society, 
Athens, Greece 
11 Andalusia Agency For 
Agriculture and Fisheries 
Development, Seville, Spain 
12 National Institute of Health 
and Medical Research, Paris, 
France 

CORRESPONDENCE TO
Anne Havermans. Centre for 
Health Protection, National 
Institute for Public Health and 
the Environment, Antonie van 
Leeuwenhoeklaan 9, 3721 MA 
Bilthoven, Netherlands. 
E-mail: anne.havermans@rivm.nl 
ORCID ID: https://orcid.org/0000-
0001-8737-4504

KEYWORDS
tobacco additives, toxicity, 
addictiveness, inhalation 
facilitation, attractiveness, 
tobacco regulation

Received: 25 February 2022
Revised: 21 June 2022
Accepted: 24 June 2022



Review Paper Tobacco Prevention & Cessation

2Tob. Prev. Cessation 2022;8(July):27
https://doi.org/10.18332/tpc/151529

result in a characterizing flavor, facilitate inhalation or 
nicotine uptake or lead to the formation of compounds 
with CMR (carcinogenic, mutagenic, or reprotoxic) 
properties1 (Article 7). Moreover, it requires tobacco 
manufacturers to report to European Union (EU) 
member states (MS) on the ingredients used in 
their products. It also describes enhanced reporting 
obligations for additives included in a priority list2 
(Article 6). This list, currently containing 15 additives, 
was developed by the European Commission (EC) 
based on a previous assessment by the Scientific 
Committee on Emerging and Newly Identified Health 
Risks (SCENIHR)3,4. 

Information about marketed tobacco products 
and their ingredients is submitted by manufacturers 
or importers to the European Union Common Entry 
Gate (EU-CEG) for each MS. A recent study using 
EU-CEG data from 12 EU MS showed that, on 
average, 12.7% of cigarette ingredients and 18.4% 
of RYO tobacco ingredients were reported to be 
priority additives5. The most frequently notified 
priority additive among cigarettes was titanium 
dioxide (23847 notifications), followed by cocoa, 
guar-gum, propylene glycol and glycerol (>10000 
notifications each). For RYO, the most frequently 
reported priority additive was propylene glycol 
(1604 notifications), followed by glycerol and cocoa 
(980 and 681 notifications, respectively). 

For the priority additives, manufacturers were 
required to submit reports based on comprehensive 
studies that examine for each additive whether 
it contributes to, and increases the toxicity and/
or addictiveness of cigarettes or RYO tobacco to 
a significant degree. Moreover, studies had to be 
carried out to examine whether the additive results 
in the abovementioned properties (i.e. characterizing 
flavor, facilitation of inhalation or nicotine uptake, 
or formation of CMR compounds)1. The provided 
information should help the EC and EU MS 
regulate tobacco products and ingredients based on 
Article 7 of the TPD. In response to the enhanced 
reporting requirements, a consortium of 12 tobacco 
manufacturers has submitted reports on 14 out of 
the 15 priority additives. No report was provided for 
diacetyl5, even though this ingredient was reported 
as a priority additive in 7 out of 12 MS in 20195. The 
tobacco industry consortium published a synthesis of 
these reports in three journal articles6-8. 

According to TPD Article 6, the EC and MS 
may require these reports to be peer-reviewed 
by an independent scientific body, particularly 
regarding their comprehensiveness, methodology 
and conclusions1. The aim of this policy report 
is to summarize the outcomes of the assessment 
of the independent scientific body, during their 
assessment of the comprehensiveness, methodology 
and conclusions of the tobacco industry reports, as 
required in TPD Article 6.4. This article presents the 
primary outcomes and conclusions of our review of 
the industry reports and specific recommendations 
for the priority additives, and should be read 
in tandem with Part B, which describes the 
methodological shortcomings identified by our 
panel, that were common to all the industry reports.

EVALUATION OF INDUSTRY REPORTS
In October 2017, the Joint Action on Tobacco Control 
(JATC) was launched as a collaborative action 
between the EC and the MS to provide support for 
the implementation of the TPD in all MS. Within 
this JATC, Work Package 9 (WP9: Additives Subject 
to Enhanced Reporting Obligations) had the specific 
objective to support MS in evaluating data submitted 
regarding the enhanced reporting obligations for 
priority additives. 

To facilitate the peer review of the submitted 
industry reports, an independent review panel of 
10 international experts with expertise in various 
relevant areas was established. These reviewers 
worked together with several members from JATC 
partner institutes. The outcomes presented in this 
article reflect the opinions of the review panel and 
the involved partners9. In addition, we evaluated 
the chemical, toxicological, addictive and flavoring 
properties of each of the priority additives, based 
on the information presented by the industry, 
supplemented with our expertise and knowledge of 
independent research (i.e. without the involvement 
of the tobacco industry). 

General concerns and review panel conclusions
Quality of the Industry reports
Regarding overall structure
Generally, the industry reports contain a summary, 
followed by chapters with overviews of the study 
designs and findings, then by many annexes with 
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the detailed methodology and results. Each report 
contains approximately 150–200 pages of main text 
and over 2000 pages of appendices. The report for 
titanium dioxide is substantially shorter, as it lacks 
several assessments (see PART B, Bolling et al.10). 
The submitted reports are not clearly structured, with 
many crossing references to annexes and appendices, 
some of which also have appendices. Some annexes 
and appendices that are referred to are missing. This 
unclear structure significantly hindered the scientific 
evaluation of the reports.

Regarding comprehensiveness, methodology and 
conclusions 
Although, relevant topics are covered in the industry 
reports, essential aspects are missing in the assessment 
of most of the additives. In addition, as described in 
Bolling et al.10, the scientific quality of the reports is 
not sufficient, and therefore we concluded that they 
are not comprehensive. The insufficient quality was 
due to limitations in the applied methodology, for 
instance in the literature reviews, the toxicological and 
chemical evaluation, the statistical approach, and the 
assessment of inhalation facilitation, nicotine uptake, 
addiction and characterizing flavors. The aspects that 
were not addressed or were of insufficient scientific 
quality are discussed in Bolling et al.10.  

Since we considered the scientific quality of the 
reports and the applied methodology insufficient, we 
question the scientific validity of the conclusions in 
the industry reports and conclude that these are not 
warranted. 

Interpretation and ambiguity of the TPD
The interpretation of the TPD presented in the 
industry reports differs from our interpretation. 
This appears to be due to the ambiguity of the 
wording in Article 6.2.a and the conflicting content 
of Articles 6.2.a and 7.9. For a detailed description 
of the discrepancy between the two interpretations 
of the TPD, see Bolling et al.10. In short, we based 
our evaluation on Article 6 only, and consequently 
assessed the evidence for: a) the additive contributing 
to toxicity or addictiveness, and b) the additive 
increasing the effect size of the endpoint studied 
(toxicity or addictiveness). However, the industry 
assessed the evidence for b) only and used Article 
7.9 as an argument for a comparative testing approach 

since regulatory actions by the MS are required if 
an additive increases the toxic or addictive effect 
to a significant or measurable degree. We disagree 
that Article 7 is a valid argument for relying only on 
comparative testing for the chemical and toxicological 
analysis. This is supported by the Scientific Committee 
on Health, Environmental and Emerging Risks 
(SCHEER) opinion regarding the limited validity 
of the comparative testing approach11,12. Thus, in 
our opinion, further data are required to fulfil the 
reporting obligations specified in Article 6 of the 
TPD. Moreover, a future revision of paragraphs 6.2 
and 7.9 of the TPD is necessary for an unambiguous 
interpretation of the TPD. 

Concerns regarding additives
The industry concluded that none of the additives in 
the tested application levels is associated with concern 
when used in cigarettes or RYO tobacco. However, we 
question the validity of this conclusion due to the poor 
scientific quality of the submitted reports. Despite 
the limitations in the industry reports, we have 
identified concerns regarding several additives and 
their properties based on the submitted information 
and our expert knowledge of independent research. 
These concerns do not represent an exhaustive 
list of all those possibly associated with the use of 
these additives in cigarettes or RYO tobacco. Table 
1 provides an overview of the comparison between 
the industry’s and our assessments. The following 
sections describe our main concerns regarding 
additives, grouping those with similar properties.

Menthol and geraniol
Menthol is a natural compound found in several 
plants of the mint family, e.g. peppermint, corn mint 
and spearmint, but is also produced synthetically. It 
imparts a minty taste and smell and has a characteristic 
cooling effect. Menthol is widely used in the food, 
flavor, oral hygiene, cosmetic, and pharmaceutical 
industries, and is also one of the most commonly used 
additives in cigarettes, RYO, and other tobacco and 
related products11. Geraniol is a monoterpenic alcohol 
with a rose-like aroma. It is also used as a flavoring 
agent in food and as a fragrance in cosmetics, and as 
an additive in tobacco products11,13.

According to the TPD (Article 7.1), cigarettes 
and RYO tobacco products that have characterizing 
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Table 1. Overview of outcomes of the submitted industry reports as assessed by the Independent Panel

As provided in industry reports Industry conclusion Review panel’s assessment of provided (and independent) data

Additive Tested 
application 

level

Volatile? Transfer rates Main pyrolysis products Chemical 
analysis: overall 

effect

Toxicity Addictiveness Inhalation 
facilitation

Characterizing 
flavor

Chemical 
analysis, re-eval.:  
carbonyl comp.

Chemical 
analysis, 

re-eval.:  other 
comp. 

Toxicity Addictiveness Inhalation 
facilitation

Characterizing 
flavor

Review 
panel’s 
general 
remarks (see 
Chapter 4)

Only assessed 
for: cocoa, 
geraniol, glycerol, 
guaiacol, licorice, 
maltol, menthol, 
propylene glycol, 
TiO2

No new experiments were 
performed

Limitations in 
methodology (e.g. 
statistical analysis by 
industry was likely to 
cause false negative 
results)

Limitations 
in 
methodology 
(e.g. study 
design 
was not 
sufficient 
to evaluate 
CMR prop.)

Limitations in 
methodology 
(e.g. important 
Endpoints on 
dependence 
potential were 
not assessed)

Limitations in 
methodology 
(e.g. only 
descript. 
statistics 
were provided 
for smoking 
behavior 
param.)

Only assessed for: 
Carob bean, cocoa, 
fenugreek, fig, 
geraniol, guaiacol, 
licorice, menthol. 
Limitations in 
methodology

Review panel considers industry assessment as insufficient (see Chapter 4). Thus, evidence from independent literature was used 
when available, but no comprehensive literature review was performed. The review panel performed an evaluation of hazard 
classification of pyrolysis products.

For MSS chemical analysis, usefulness of data provided by industry was limited (e.g. only ISO smoking regime was used, pyrolysis 
products were not included in analyte list, high standard deviations for some experiments), thus a re-analysis of the chemical 
data was performed by the review panel.

For the remaining endpoints, addressed concerns are exemplary. Further details are given in the individual additive reports.

Carob bean Low 0.2% 
Max 0.4%
Max-plus 0.6%

Carob bean 
is a complex 
mixture 
of mainly 
non-volatile 
compounds

Unknown but 
unlikely

Acetic acid (24.5%), acetol 
(3.4%), furfural (1.5%), 
pyruvaldehyde (1%); diluent 
propylene glycol was found 
at 65.4%

No statistically 
significant overall 
effect

No effect No effect No effect No effect No increase of 
carbonyl emissions at 
tested levels.

No additive-level 
related MSS 
effects in industry 
study. (Effects on 
MSS described in 
literature).

Pyrolysis product 
furfural has CMR 
properties, not 
followed up in 
MSS analysis.

Potential MAO 
inhibition has not 
been addressed.

Potential alteration 
of smoke pH has not 
been addressed.

Impact on 
tobacco flavor 
has likely been 
underestimated. 

Cocoa Low 0.5% 
Max 1.0%
Max-plus 1.5%

Cocoa is a 
mixture, some 
components 
are volatile

Varies Acetic acid (27.2%), acetol 
(6.6%), furfuryl alcohol (6.6%), 
caffeine (4.0%), pyrrole (2.8%), 
furfural + cyclopentanone 
(2.1%), phenol (1.6%) cresol + 
pyridenediol (1.4%), 2-butanone 
(0.9%), toluene (0.7%), styrene 
(0.2%) 

No statistically 
significant overall 
effect

No effect No effect No effect No effect No increase of 
carbonyl emissions at 
tested levels.

Additive level-
related increase of 
cadmium

Pyrolysis product 
furfural has CMR 
properties, not 
followed up in 
MSS analysis.

Potential MAO 
inhibition has not 
been addressed.

Potential alteration 
of smoke pH has not 
been addressed.

Impact on 
tobacco flavor 
has likely been 
underestimated.

Fenugreek Low 0.01% 
Max 0.02%
Max-plus 
0.03%

Fenugreek 
extract is 
a complex 
mixture, main 
components 
are not volatile

Unknown, but 
unlikely for main 
constituents

Ethyl linoleate (37.4%), ethyl 
palmitate (14.8%), ethyl stearate 
(10.6%), palmitic acid (6%), 
hydroxydimethylfuranone (3.4%)

No statistically 
significant overall 
effect

No effect No effect No effect No effect No increase of 
carbonyl emissions at 
tested levels.

No additive-level 
related MSS 
effects in industry 
study.

Pyrolysis 
products 
(furfural, 
benzene, toluene, 
2-butenal) have 
CMR properties, 
some were not 
followed up in 
MSS analysis.

Potential MAO 
inhibition (due 
to combustion of 
sugars) has not 
been addressed. 
However, 
application level is 
very low.

Potential alteration 
of smoke pH 
has not been 
addressed. However, 
application level is 
very low.

Impact on 
tobacco flavor 
has likely been 
underestimated.

Fig Low 0.025% 
Max 0.15%
Max-plus 
0.30%

Fig juice 
concentrate 
is a complex 
mixture, main 
components 
are not volatile

Unknown, but 
unlikely for main 
constituents

Acetic acid (45.1%), furfural 
(24.5%), sorbic acid (10.2%), 
butanediol (3.7%); unknown 
emission (8.6%)

No statistically 
significant overall 
effect

No effect No effect No effect No effect No increase of 
carbonyl emissions at 
tested levels.

No additive-level 
related MSS 
effects in industry 
study.

Pyrolysis product 
furfural has CMR 
properties, not 
followed up in 
MSS analysis.

Potential MAO 
inhibition (due 
to combustion of 
sugars) has not 
been addressed.

Potential alteration 
of smoke pH has not 
been addressed.

Impact on 
tobacco flavor 
has likely been 
underestimated. 

Continued
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As provided in industry reports Industry conclusion Review panel’s assessment of provided (and independent) data

Additive Tested 
application 

level

Volatile? Transfer rates Main pyrolysis products Chemical 
analysis: overall 

effect

Toxicity Addictiveness Inhalation 
facilitation

Characterizing 
flavor

Chemical 
analysis, re-eval.:  
carbonyl comp.

Chemical 
analysis, 

re-eval.:  other 
comp. 

Toxicity Addictiveness Inhalation 
facilitation

Characterizing 
flavor

Geraniol Low  0.015%
Max 0.030%
Max-plus 
0.045% 

Yes 7–8% Citral (4.6%), beta-myrcene (3%), 
ocimene (1.8%), neryl acetate 
(1.3%), alloocimene (0.7%), 
menthatriene (0.5%), limonene 
(0.4%)

No statistically 
significant overall 
effect

No effect No effect No effect No effect Low quality of data 
does not allow 
conclusion.

Increase of 
nitrogen oxides, 
but quality of 
data low.

Increase 
in toxicity 
is unlikely 
(given the low 
application 
level), but cannot 
be excluded. 

Not adequately 
assessed: only as 
part of a mixture.

Not adequately 
assessed: only as 
part of a mixture.
Activation of the 
TRPM8 receptor was 
not addressed.

Impact on 
tobacco flavor 
has likely been 
underestimated.

Glycerol Low 2.5% 
Max 5.0%
Max-plus 6%

No 4.5%
(in the literature 
up to 8%)

Glycerol (99.8%) Decrease of 
benzo[a]pyrene, 
NAB, catechol, 
hydroquinone, m+p 
cresol, o cresol, 
phenol, quinoline. 
Increase of glycerol. 

No effect No effect No effect Not assessed No increase of 
carbonyl emissions at 
tested levels.

Additive level-
related increase 
of ammonia and 
water.

Industry’s 
assessment 
insufficient.

Industry’s 
assessment 
insufficient. 
However, no 
previously 
identified 
concerns 
regarding 
addictiveness.

Inhalation 
facilitation due to 
humidification not 
addressed.

No such effect 
expected.

Guaiacol Low 0.0005%
Max 0.001%
Max-plus 
0.0015% 

Yes Unknown Guaiacol (92.5%), guaiacol 
acetate (6.3%), indanone (0.7%), 
dimethoxybenzene (0.3%), 
chinnoline (0.2%)

No statistically 
significant overall 
effect

No effect No effect No effect No effect Low quality of data 
does not allow 
conclusion.

No additive-level 
related MSS 
effects in industry 
study (MSS effects 
described in 
literature).

Irritative effects 
have not been 
addressed. 
However, 
application level 
is very low.

Industry’s 
assessment 
insufficient. 
However, no 
previously 
identified 
concerns 
regarding 
addictiveness.

Anesthetic effects 
are not assessed.
However, 
application level is 
very low.

Impact on 
tobacco flavor 
has likely been 
underestimated.

Guar gum Low 0.5%
Max 1.0%
Max-plus 1.5%

No Not applicable Hydroxymethylfurfural (13.4%), 
acetol (11.9%), acetic acid 
(9.9%), methyl pyruvate (6.1%), 
furfural (6.0%), cresol (0.9%), 
benzene (0.7%), 2-butanone 
(0.7%), toluene (0.5%), 2-butenal 
(0.2%)

Increase of 
formaldehyde and 
cadmium. 

No effect No effect No effect Not assessed Almost all carbonyls 
increase with guar 
gum concentrations. 
The increase in 
formaldehyde is seen 
as significant and 
relevant.

Substantial 
variations of 
water and 
nitrogen oxides 
have not been 
explained by 
industry (MSS 
effects described 
in literature).

Pyrolysis 
products 
(furfural, 
benzene, toluene, 
2-butenal) have 
CMR properties, 
some were not 
followed up in 
MSS analysis.

Not adequately 
assessed: only as 
part of a mixture.
MAO inhibitors 
(aldehydes) were 
increased in MSS.

Not adequately 
assessed: only as 
part of a mixture.
Potential alteration 
of smoke pH has not 
been addressed.

Influence of 
guar gum and its 
pyrolysis products 
on odor and taste 
was not assessed.

Table 1. Continued

Continued



Review Paper Tobacco Prevention & Cessation

6Tob. Prev. Cessation 2022;8(July):27
https://doi.org/10.18332/tpc/151529

As provided in industry reports Industry conclusion Review panel’s assessment of provided (and independent) data

Additive Tested 
application 

level

Volatile? Transfer rates Main pyrolysis products Chemical 
analysis: overall 

effect

Toxicity Addictiveness Inhalation 
facilitation

Characterizing 
flavor

Chemical 
analysis, re-eval.:  
carbonyl comp.

Chemical 
analysis, 

re-eval.:  other 
comp. 

Toxicity Addictiveness Inhalation 
facilitation

Characterizing 
flavor

Licorice Low 0.6% 
Max 1.2%
Max-plus 1.8%

Licorice is a 
mixture, most 
components 
are not volatile 

Not applicable Acetic acid (42%), acetol (11.9%), 
furfuryl alcohol (11.7%), diacetyl 
(4.1%), acetol acetate (2.0%), 
phenol (1.4%), cresol (0.2%), 
pyridine/pyrrole (0.2%), furfural 
(0.2%)

No statistically 
significant overall 
effect

No effect No effect No effect No effect No increase of 
carbonyl emissions at 
tested levels.

Increase of 
cadmium (MSS 
effects described 
in literature).

Pyrolysis 
products 
(furfuryl alcohol, 
phenol, furfural, 
diacetyl) have 
CMR properties 
or cause 
obstructive lung 
injury, some were 
not followed up 
in MSS analysis.

Potential MAO 
inhibition (due 
to combustion of 
sugars) has not 
been addressed.

Potential alteration 
of smoke pH has not 
been addressed.

Impact on 
tobacco flavor 
has likely been 
underestimated.

Maltol Low  0.005% 
Max 0.01%
Max-plus 
0.015%

Not very 
volatile in 
ambient 
conditions 

4.3–5.2% Acetoxymethyl pyranone (0.2%); 
maltol transfers mostly intact

No statistically 
significant overall 
effect

No effect No effect No effect Not assessed Low quality of data 
does not allow 
conclusion.

Additive level-
related increase of 
nitrogen oxides.

Increase 
in toxicity 
is unlikely 
(given the low 
application 
level), but cannot 
be excluded. 

Not adequately 
assessed: only as 
part of a mixture.
GABAA receptor 
inhibition has not 
been addressed.

Not adequately 
assessed: only as 
part of a mixture.

Influence of 
maltol on odor 
and taste was not 
assessed.

Menthol Low 0.1% 
Max 1.2%
Max-plus 1.8%

Yes 9.1–11.1% (in the 
literature up to 
30%)

Menthone (0.9%), menthene 
(0.1%); menthol transfers mostly 
intact

Increase of menthol No effect No effect No effect Characterizing 
flavor at 1.2% or 
higher application

No increase of 
carbonyl emissions at 
tested levels.

Increase of NAT 
(MSS effects 
described in 
literature).

Indirect effects 
on toxicity (e.g. 
due to increased 
puff volume) 
have not been 
addressed.

Effects of menthol 
on addictiveness 
(e.g. alteration of 
nicotine levels, 
masking of 
aversive sensory 
experiences, 
serving as 
conditioned cue) 
have not been 
addressed.

Menthol’s ability to 
facilitate inhalation 
via activation of the 
TRPM8 receptor was 
not addressed.

Contrary to 
already existing 
literature. 
Effect on 
palatability and 
attractiveness due 
to cooling effect 
has not been 
addressed.

Propylene 
glycol

Low 2.5% 
Max 5.0%
Max-plus 6%

No Below 1% (in 
the literature 
7.3–8.8%)

1,3-Propylene glycol (6.2%), 
acetol or acetic anhydride (4.7%), 
pyruvaldehyde (2.8%); propylene 
glycol transfers mostly intact

Decrease of m+p 
cresol and phenol. 
Increase of propylene 
glycol. 

No effect No effect No effect Not assessed Low quality of data 
does not allow 
conclusion.

Increase of 
cadmium and 
additive level-
related increase of 
nitrogen oxides.

Pyrolysis product 
pyruvaldehyde 
has CMR 
properties, not 
followed up in 
MSS analysis.

Industry’s 
assessment 
insufficient. 
However, no 
previously 
identified 
concerns 
regarding 
addictiveness.

Inhalation 
facilitation due to 
humidification not 
addressed.

No such effect 
expected.

Table 1. Continued

Continued



Review Paper Tobacco Prevention & Cessation

7Tob. Prev. Cessation 2022;8(July):27
https://doi.org/10.18332/tpc/151529

As provided in industry reports Industry conclusion Review panel’s assessment of provided (and independent) data

Additive Tested 
application 

level

Volatile? Transfer rates Main pyrolysis products Chemical 
analysis: overall 

effect

Toxicity Addictiveness Inhalation 
facilitation

Characterizing 
flavor

Chemical 
analysis, re-eval.:  
carbonyl comp.

Chemical 
analysis, 

re-eval.:  other 
comp. 

Toxicity Addictiveness Inhalation 
facilitation

Characterizing 
flavor

Sorbitol Low 0.6% 
Max 1.2%
Max-plus 1.8%

No Not assessed Furfural (31.4%), propylfuran 
(9.7%), acetylfuran 
(7.7%), furanone (6.4%), 
methoxycyclopentenone (5.2%)

Increase of acrolein 
and formaldehyde. 

No effect No effect No effect Not assessed Relevant increase in 
carbonyl formation 
(esp. acrolein and 
formaldehyde) is 
attributed to additive.

Additive-level 
related increase of 
cadmium.

Increase of 
toxic carbonyls. 
Pyrolysis product 
furfural has CMR 
properties, not 
followed up in 
MSS analysis.

MAO inhibitors 
(aldehydes) were 
increased in MSS.

Inhalation 
facilitation due to 
humidification not 
addressed.

Influence of 
sorbitol and its 
pyrolysis products 
on odor and taste 
was not assessed.

Titanium 
dioxide

0.5 mg per 
cigarette filter 
(not tested)

No Not assessed Not applicable No comparative 
testing

Not assessed Not assessed Not assessed Not assessed No comparative 
testing

Insufficient 
evaluation of 
transfer of 
titanium dioxide 
to smoke.

EU Carc. 2 
classification 
of titanium 
dioxide.

Not assessed Not assessed Not assessed

Diacetyl No report provided The inhalation toxicity of diacetyl and the development of obstructive lung diseases after exposure to it are concerns. 
Furthermore, as a flavoring, diacetyl could increase attractiveness of tobacco.

General information about the 15 additives as provided in the industry report (grey columns: Low, Max and Max-plus application levels as targeted levels, a remark about volatility of the additive, transfer rates and pyrolysis products as provided in the industry 
reports); Industry’s conclusion regarding influence of the 15 additives on smoke chemistry, toxicity, addictiveness, inhalation facilitation, and characterizing flavor (red columns); Review panel’s assessment of the additives’ influences on smoke chemistry, 
toxicity, addictiveness, inhalation facilitation, and characterizing flavor on the basis of provided data and independently performed literature searches (blue columns). For independent assessment of the industry’s chemical analysis, the criteria described in 
Chapter 3 of Deliverable 9.3 were applied9. The addressed concerns in this table are only exemplary, more details are provided in the deliverable. Furthermore, some limitations and shortcomings of the industry’s approach are briefly summarized under ‘General 
remarks’. A more extensive discussion on this topic is given in Chapter 4 of Deliverable 9.39.

Table 1. Continued
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flavors such as menthol or vanilla are prohibited. In 
the case of products with more than a 3% market 
share, such as menthol cigarettes, this ban applies 
as of May 2020. The sensory assessment provided 
by the industry showed that tested cigarettes with a 
menthol content of 1.2% had a characterizing flavor, 
as opposed to the other tested concentration of 0.6% 
of menthol. However, this finding should be treated 
with caution as we identified severe limitations in the 
applied methodology10. Noticeably, independent 
authors have reported that menthol imparts a 
noticeable flavor at 0.1–1%14. Menthol is currently 
used in cigarettes in amounts up to the reported 
threshold for a characterizing flavor of 1.2%, as 
reported to the Dutch section of the European 
Common Entry Gate (EU-CEG, accessed on 21 April 
2021).

Main concerns
Inhalation facilitation and nicotine uptake
The industry concluded that menthol and geraniol do 
not facilitate inhalation or nicotine uptake. However, 
several independent studies indicate the opposite. For 
example, Ha et al.15 showed an increase in the nicotine 
metabolite cotinine in blood plasma of mice exposed 
to cigarette smoke containing l-menthol versus mice 
the exposed to reference cigarette smoke. Dunér-
Engström et al.16 showed that menthol stimulates 
salivary flow, which might increase the dissolution 
of nicotine in the mouth. Moreover, Squier et al.17 
demonstrated that menthol increases penetration of 
nicotine and carcinogenic nitrosonornicotine across 
oral mucosa and concluded that menthol increases 
the nicotine uptake.

Menthol is used as an anti-tussive compound in 
pharmacology (for review, see Dicpinigaitis et al.18 
and Eccles et al.19) and was shown to suppress strong 
irritancy induced by pro-tussive compounds in mice, 
dependent on activation of the transient receptor 
potential cation channel melastatin 8 (TRPM8), the 
cooling receptor20. Similar effects had been found in 
guinea pigs21. Menthol was further shown to reduce 
cough sensitivity to inhaled capsaicin and improve 
inspiratory flow in chronic cough patients22. 

The industry notes that it has not yet been 
explored whether geraniol can reduce the harshness 
of smoke and promote inhalation of irritating 
aerosols but did not present any new assessments. 

However, geraniol is also an agonist of the TRPM8 
receptor and thus may have similar effects to 
menthol when inhaled23. Although this activity 
is comparatively weak in relation to menthol23, 
activation of TRPM8 is an intrinsic physiological 
property of both substances, and combined 
exposures to several agonists of the TRPM8 
receptor may result in additive or synergistic effects 
on receptor activation. Further, administration of 
geraniol in an animal model suppressed mediators of 
pulmonary inflammation24 and alleviated asthma25. 

A l though  the  indus t ry  desc r ibes  the 
pharmacological properties of menthol, some 
key-publications that refer to menthol’s intrinsic 
property to enhance inhalation are not adequately 
discussed (e.g. Willis et al.20, McKemy et al.26, Yerger 
et al.27, and Ha et al.15). Two of these publications 
link TRPM8 activation by menthol to an improved 
sensation of breathing and air-flow, especially 
under conditions of respiratory diseases or toxicant 
exposure15,20. The industry statement ‘currently 
there is no published data in the literature which has 
investigated the relationship between the cooling 
sensation properties and facilitation of deeper 
inhalation’ (Report for priority additive menthol, 
p.275) implies deeper inhalation as a crucial criterion 
for facilitated inhalation. However, we argue that re-
normalization of breathing patterns that are delayed 
or inhibited by toxicants is much more relevant, 
and this effect was confirmed for menthol and other 
TRPM8 agonists20. 

Menthol has been suggested to hardly affect 
smoking behavior and toxicant exposure of 
experienced smokers who are adjusted to inhale 
hazardous smoke28. However, an independent review 
of industry documents showed that during initiation 
and adaption of new smokers, supplemented menthol 
inhibits physiological warning and rejection responses, 
thus facilitating easier and continued inhalation 
despite the harshness of smoke and irritating qualities 
of nicotine27. This is consistent with the preferential 
use of mentholated cigarettes by adolescents and 
young adults who have smoked for less than one 
year29,30. Thus, the inhalation facilitating effect of 
menthol is of particular concern for new smokers. 

Addictiveness
Many independent studies also demonstrated that 
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menthol enhances tobacco and nicotine dependence31. For 
example, menthol plus nicotine produced greater reward-
related behavior than nicotine alone in a conditioned place 
preference assay32. Moreover, Wang et al.33 summarized 
that: ‘menthol, likely by inducing a cooling sensation, 
becomes a potent conditioned reinforcer when it is 
contingently delivered with nicotine’. Importantly, 
enhanced self-administration of nicotine in response to 
menthol was linked to TRPM8 activation, as this effect 
was also induced by an agonist lacking the typical 
peppermint-like taste. The study by Wang et al.33 points 
to an interplay between TRPM8 activation and nicotine 
dependence, although further work is required to clarify 
the mechanisms. Furthermore, menthol was demonstrated 
to sustain nicotine seeking behavior in rats, although this 
depended on the cooling effect34. Moreover, Biswas et 
al.35 concluded that menthol directly facilitates nicotine 
consumption by enhancing its reinforcing effects, thereby 
contributing to tobacco smoking. In addition, menthol 
was discussed to inhibit the metabolism of nicotine36, 
thus facilitating a higher systemic exposure. A recent 
study demonstrated that menthol increases nicotine-
induced dopamine release in the nucleus accumbens of 
rats37. This may indicate a cumulative rewarding effect of 
menthol and nicotine. However, another study showed 
that menthol did not change dopamine release or nicotine 
self-administration, but did reverse oral nicotine taste 
aversion in a two-bottle choice test38. Besides, Nesil et 
al.39 concluded from a study in rats that ‘pharmacological 
interactions of menthol with nicotine reduce, rather than 
increase, nicotine’s reinforcing effects and some measures 
of relapse vulnerability’.  

Altogether, a large body of independent literature, 
except for Nesil et al.39, supports an intricate 
interaction between nicotine and menthol, which 
increases the addictiveness and/or attractiveness of 
tobacco. This seems consistent with the conclusions 
by the FDA TPSAC in the comprehensive 2011 
report on menthol40, stating that there is sufficient 
evidence to indicate that those who smoke menthol-
containing products tend to be more dependent. 
Moreover, menthol has been acknowledged as an 
additive that can enhance nicotine dependence by a 
WHO/FCTC expert group consulting on measures to 
reduce addictiveness of tobacco products41.

Industry assessment
In contrast to these findings, the industry concluded 

that the application of menthol and geraniol does 
not result in significant effects regarding inhalation 
facilitation or addictiveness. Importantly, their ability 
to facilitate inhalation via activation of the TRPM8 
receptor was not addressed. The issue whether 
menthol and geraniol can increase the addictive 
effects of nicotine was neither comprehensively, nor 
appropriately covered by the industry reports. The 
industry provided a pharmacokinetics study aimed to 
measure smoking parameters and nicotine uptake by 
established smokers, in which no effects of menthol 
or geraniol on nicotine uptake were found. In contrast 
to substantial independent data, the industry’s clinical 
study on facilitation of inhalation and nicotine uptake 
has little, if any, relevance to address the crucial role 
of menthol to promote inhalation during smoking 
initiation, as all subjects had a smoking history of at 
least three years and a mean smoking history of 16 
years. Since these subjects are already accustomed 
to the harshness of cigarette smoke, the inhalation 
facilitating effect of menthol is likely to be less 
pronounced. 

The industry concluded that the clinical study 
gave no circumstantial indications of increased 
addictiveness. However, this study was designed to 
assess inhalation facilitation and nicotine uptake 
and is therefore not suitable to draw conclusions 
regarding addictiveness10. In fact, the industry claims 
that no valid methods exist to demonstrate a direct 
effect of a tobacco additive on the addictiveness 
of the final tobacco product7. Thus, they argue that 
it would be impossible to determine whether any 
additive affects addictiveness to a relevant degree 
as required by TPD Article 7, even though there is 
ample relevant evidence from independent sources 
for addictive effects of menthol, as described above.

Conclusion and further concerns
There is strong evidence from independent literature 
that menthol facilitates inhalation by activating the 
cooling receptor TRPM8. Menthol analogs, including 
geraniol, have the same agonistic effect on this 
receptor and can work cumulatively. In addition, 
independent studies have shown that menthol can 
enhance the addictive effect of nicotine through 
various mechanisms and international authorities have 
acknowledged this effect. Therefore, it can also be 
concluded that menthol contributes to addictiveness. 
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In addition, betamyrcene, a pyrolysis product of 
geraniol, is classified as potentially carcinogenic 
(Carc. 2B by IARC) but was not assessed in 
comparative analysis of mainstream smoke. Further, 
the capacity of menthol and geraniol to facilitate 
inhalation could lead to increased inhalation 
of toxicants, which was not considered in the 
toxicological evaluation. 

Sorbitol and guar gum
Sorbitol is a sugar alcohol widely used as an emulsifier, 
sugar substitute or humectant in food, cosmetics, and 
healthcare products. It is also added as a humectant to 
cigarettes and RYO tobacco products11. Guar gum is an 
extract of the seeds of the guar bean plant. Guar gum 
consists of high molecular weight polysaccharides and 
some amount of protein. It is widely used in food as a 
stabilizer or to improve texture, consistency, softness 
or other product properties. Guar gum is added as a 
binder to reconstituted tobacco in cigarettes and is 
also used to prepare the cigarette paper11. 

Main concern: formation of carbonyl compounds
Combustion of sorbitol and guar gum produces 
carbonyls42, some of which have CMR properties and/
or potentiate addictive effects of nicotine through the 
mechanism of MAO inhibition43,44. In the chemical 
analysis of mainstream smoke in the industry reports, 
the application of sorbitol and guar gum in test 
cigarettes caused an additive-level related increase of 
carbonyl compounds. The industry acknowledged a 
significant increase in the levels of formaldehyde for 
both sorbitol and guar gum and acrolein for sorbitol. 
We also observed a possible rise in other carbonyls that 
was not acknowledged as significant by the industry. 
However, we could not conclude regarding significance 
due to the high variability of the data, most likely due 
to inconsistencies in the laboratory procedures10. 

As formaldehyde (Carc.1A) and acrolein (IARC 
2A) are classified as carcinogens, and formaldehyde 
is additionally classified as a mutagen (Muta. 2), we 
conclude that the addition of sorbitol and guar gum 
contributes to the formation of compounds with 
CMR properties in mainstream smoke. As some 
aldehydes also contribute to MAO inhibition, these 
findings also raise concerns regarding addictiveness. 
However, neither the increase in CMR compounds 
nor the potential addictiveness enhancing effect was 

addressed in the industry reports.

Further concerns raised 
In the smoke chemistry analysis provided by the 
industry, a statistically significant increase of cadmium 
(Carc. 1B, Muta 2, Repr 2.) was observed after the 
addition of sorbitol. This difference in cadmium levels 
in mainstream smoke (MSS) was not considered by 
the industry as significant and meaningful since the 
increase was just below their benchmark requirement 
(99% variability of 3R4F reference cigarette). We 
question the validity of this evaluation, as the statistical 
approach chosen by the industry increased the chance 
of false-negative results10.

Although no new pyrolysis experiments were 
performed, some of the listed pyrolysis products of 
sorbitol (furfural, Carc. 2; furfuryl alcohol, Carc. 2) 
and guar gum (furfural, Carc. 2; benzene, Carc. 1A, 
Muta 1B; toluene, Repr 2; 2-butenal, Muta 2) also 
have CMR properties. These classified carcinogens 
were not included in the comparative chemical 
experiments. Thus, given the application levels of up 
to 1.2% and 1%, respectively, and the presented data, 
we conclude that the use of sorbitol and guar gum as 
additives in cigarettes and RYO tobacco is associated 
with concern with regard to toxicity.

The industry report has not addressed the impact 
of sorbitol and guar gum on tobacco flavor or 
attractiveness. However, pyrolysis of these additives 
is known to cause the formation of flavoring 
compounds, which may improve smoke flavor 
and thereby increase the attractiveness of tobacco 
products (see also Attractiveness section below). 
Further, acidic pyrolysis products of guar gum might 
decrease the smoke pH, possibly making inhalation 
more palatable42. 

Carob bean, cocoa, fenugreek, fig, guaiacol, 
licorice, and maltol
Carob bean, cocoa, fenugreek, fig and licorice are 
botanicals. They are non-volatile complex mixtures 
that are added as extract or powder to tobacco and 
undergo pyrolysis. Guaiacol and maltol are natural 
compounds that are more or less volatile and mostly 
stay intact during pyrolysis. All these additives are 
mainly added as flavorings (see Attractiveness), 
casings or smoothing agents, while carob bean is also 
used as a thickener and stabilizer. 
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Concerns raised
Furfural, which was identified as a pyrolysis product 
of carob bean, cocoa, fenugreek, fig, licorice and also 
guar gum and sorbitol, is classified as CMR (Carc. 
2) under the EC Regulation No 1272/2008. Furfuryl 
alcohol, reported as a pyrolysis product of cocoa, 
licorice, and sorbitol is classified as CMR (Carc. 2) 
as well. For fenugreek, other pyrolysis products with 
CMR classifications were benzene (Muta. 1b), toluene 
(Repr. 2), and crotonaldehyde (Muta. 2). Diacetyl 
and phenol are pyrolysis products of licorice and 
have respiratory toxicity (see diacetyl section below) 
and CMR properties (Muta. 2), respectively. Further, 
pyrolysis products of carob bean, cocoa, fenugreek, fig, 
and licorice, mainly aldehydes, may contribute to MAO 
inhibition. In the comparative chemical assessment 
reported by the industry, the concentrations of tested 
aldehydes were not elevated. However, there were 
methodological limitations in this assessment10.

In the smoke chemistry analysis provided by 
the industry, a statistically significant increase of 
cadmium (Carc. 1B, Muta 2, Repr.) was observed 
after the addition of cocoa and licorice. These 
increases were not acknowledged as significant 
and meaningful by the industry (below benchmark 
requirement, see Bolling et al.10). Still, in our 
opinion, the increase in cadmium is of concern as it 
may contribute to increased CMR properties of MSS. 
The level of cadmium was also significantly increased 
after the addition of guar gum, propylene glycol 
and sorbitol, but this was only acknowledged by the 
industry for guar gum (Table 1).

Some of the mentioned additives might have the 
potential to facilitate inhalation through several 
different mechanisms. For instance, the industry 
report indicates that pyrolysis of carob bean, cocoa, 
fig, licorice and guar gum leads to the formation of 
acids. Therefore, these additives potentially decrease 
smoke pH and thereby reduce the harshness of 
smoke and subsequently facilitate inhalation42. 
Nothing is mentioned about a potential decrease 
of smoke pH by additives in the industry report. 
Moreover, previously identified concerns regarding 
anesthetic effects of guaiacol that may facilitate 
inhalation3 have not been addressed by the industry 
and thus cannot be ruled out. Potential local 
impacts of theobromine and caffeine from cocoa, 
e.g. bronchodilatation, have not been assessed nor 

discussed either.
As the application levels of the additives vary 

broadly, the abovementioned concerns must be 
considered in light of the application level and 
exposure.

Propylene glycol and glycerol
Propylene glycol and glycerol are non-volatile 
humectants that transfer mostly intact into MSS11. 
Humectants are applied in cigarettes to maintain the 
humidity level of the tobacco during transportation 
and storage and thus extend the shelf-life of tobacco 
products. A loss of humidity has been reported to 
change cigarette smoke composition resulting in 
an increase of several toxic compounds in MSS 
accompanied by a harsh and unpleasant perception 
by the consumer45.

Unclarified influence on smoke chemistry
Humectants such as glycerol and propylene glycol 
are considered technically necessary in cigarettes, 
and it is unlikely that cigarettes without humectants 
will be commercially available. They greatly influence 
combustion conditions and consequently the 
emissions of a range of compounds46,47. The influence 
of humectants on smoke chemistry was also shown 
in the comparative experiments performed by the 
industry, as several compounds were statistically 
significantly changed in relation to the applied levels 
of glycerol and propylene glycol. 

Test cigarettes containing glycerol and propylene 
glycol were compared to additive-free control 
cigarettes that did not contain any humectants 
in the industry assessment. However, the role of 
the humectants on the combustion process is not 
discussed and not adequately assessed to clarify 
the influence on smoke chemistry. A more detailed 
discussion of the methodological concerns associated 
with this approach is provided in Bolling et al.10.

Titanium dioxide
Titanium dioxide (TiO

2
) is used as a whitening agent 

in cigarette filters, where it is bound to the filter 
material. It has also been reported as an ingredient 
of filter paper inks, tipping paper and tipping inks11. 
The European Commission has classified TiO

2
 as a 

carcinogen (Carc. 2) by inhalation, the classification 
became effective on 9 September 202148. This 
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classification applies to mixtures in powder form 
containing 1% or more of TiO

2
 in the form of, or 

incorporated in, particles with an aerodynamic 
diameter ≤10 μm. In EU-CEG, there is currently 
no information regarding the size of particles of 
TiO

2
 applied in cigarettes provided by tobacco 

manufacturers.
The industry performed a transfer study to 

determine whether TiO
2
 is released in MSS to assess 

consumer exposure. In this study, puffs were drawn 
from unlit cigarettes to monitor whether particles 
were carried over into the airstream. Under the 
applied experimental conditions, few TiO

2
 particles 

were identified, one with a size below 10 µm. The 
industry concluded that applied levels of TiO

2
 did 

not increase CMR properties during consumption. 
However, they had used optical light microscopy 
in these tests, which is not suitable to detect 
the possible presence of nanoparticles. Instead, 
transmission electron microscopy is required for 
the detection of nano-sized particles. Moreover, in 
the applied experimental approach, the potential 
influence of mechanical stress (i.e. the smokers’ 
handling of the filter) during consumption and the 
composition and temperature of MSS on the transfer 
of TiO

2
 were neglected.  Overall, the experimental 

set-up was not sufficiently sensitive to detect nano-
sized particles and not relevant to the real-world 
situation where cigarettes are lit and hand-held. 
In addition, possible side-effects of TiO

2
, such as 

catalyst properties on pyrolysis and the subsequent 
impact on smoke chemistry, were not addressed. 
Further, assessment of addictiveness, inhalation 
facilitation and characterizing flavor, despite being 
required by the TPD, were not provided

Due to the limitations in the industry’s assessment 
of TiO

2
, we conclude that the data presented by 

the industry are not sufficient to demonstrate the 
absence of titanium dioxide particles in their nano 
form in MSS. Consequently, the concern regarding 
carcinogenicity due to particulate titanium dioxide 
in MSS has not been ruled out. Further, the TPD 
prohibits placing tobacco products containing 
additives that have CMR properties in unburnt 
form on the market. Thus, products containing 
or producing TiO

2
 particles with an aerodynamic 

diameter ≤10 μm that may be inhaled do not comply 
with the TPD. 

Diacetyl 
The industry provided no report for diacetyl. The 
four lead companies initially forming the industry 
consortium have stated that diacetyl is not added 
to their cigarettes or RYO tobacco7. Since the 
industry provided no report, we performed a non-
comprehensive literature review for diacetyl9.

In some types of tobacco, diacetyl is naturally 
present, but it may also be added as a flavoring to 
the tobacco product. However, the major amount 
of diacetyl in cigarette smoke is formed during the 
pyrolysis of constituents such as sugars, including 
sucrose and glucose42,49,50. 

Inhalation toxicity
Numerous lines of evidence suggest that exposure 
to high concentrations of diacetyl causes long-term 
impairments in pulmonary function. In various in 
vivo experimental studies, diacetyl has been reported 
to cause injury to the nasal, tracheal and bronchial 
epithelium51-53. 

Kreiss et al.54 noted the development of 
respiratory symptoms in popcorn factory workers 
(exposed to diacetyl), including evidence of airway 
obstruction. The clinical effects of diacetyl on the 
human respiratory tract include cough, shortness 
of breath and wheezing. In addition, histological 
and morphological changes in the lung have been 
observed that are consistent with bronchiolitis 
obliterans (BO), a fibrotic lung disease with 
obstructions in the small airways55-59. 

The United States National Institute for 
Occupational Safety and Health (NIOSH) estimated 
an average exposure to diacetyl of 0.45 to 1.3 ppm 
diacetyl per cigarette. The 8-hour time-weighted 
average equivalent of a smoker who smokes 20 
cigarettes per day was 0.17 to 0.50 ppm43. The link 
between diacetyl and the generation of BO has been 
challenged in some publications, as reviewed by the 
European Scientific Committee on Occupational 
Exposure Levels (SCOEL). Nevertheless, SCOEL 
concluded that the evidence is sufficient to suggest 
that diacetyl can cause mild to life-threatening 
airway obstruction. SCOEL and NIOSH suggested 
8-hour time-weighted average occupational 
exposure limits of 0.02 ppm and 0.005 ppm, 
respectively. These levels are exceeded by cigarette 
smoking. NIOSH also hypothesized that diacetyl 
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might contribute to the development of Chronic 
Obstructive Pulmonary Disease (COPD) in smokers. 
Although the primary source of diacetyl in MSS is 
pyrolysis42,49,50, application of diacetyl as an additive 
may also contribute to increased diacetyl levels in 
MSS.

Further concern raised 
The Scientific Committee on Health, Environmental 
and Emerging Risks (SCHEER) and the Scientific 
Committee on Emerging and Newly Identified 
Health Risks (SCENIHR) raised concerns regarding 
uncertainties about genotoxicity and unknown 
carcinogenicity of diacetyl3,11. 

Attractiveness of additives
Many of the additives on the priority additive list and 
their pyrolysis products are known flavorings and/or 
sweeteners (including carob bean, cocoa, fenugreek, 
fig, guaiacol and licorice, but also diacetyl, geraniol, 
guar gum, menthol and sorbitol)11. These substances 
modify the flavor of cigarettes, making them more 
attractive, especially for young and new users. 
Moreover, some additives increase the palatability 
of cigarettes due to their humidifying properties 
(including sorbitol, propylene glycol, and glycerol). 
The addition of flavorings and humectants making 
the cigarette attractive and palatable is in itself cause 
for concern. Additives that increase the attractiveness 
of tobacco products ultimately increase the risk for 
addiction and tobacco-related harm by promoting 
smoking initiation and maintenance and increasing 
consumption rates60,61.  

The TPD recognizes the concern of attractiveness 
of tobacco products in the introduction and Article 
19.1 (a)1. However, attractive properties other 
than characterizing flavors are currently not 
regulated, and their assessment is not required and 
consequently not provided by the tobacco industry. 
The industry only provided a sensory analysis 
for carob bean, cocoa, fenugreek, fig, geraniol, 
guaiacol, licorice and menthol, to assess whether 
these additives lead to a characterizing flavor. 
According to that assessment, none of the additives 
besides menthol provided a characterizing flavor 
to cigarettes at tested levels. However, we question 
the validity of this conclusion due to methodological 
limitations in the assessment10. Significantly, 

even in the absence of characterizing flavors, 
priority additives may increase the palatability and 
attractiveness of cigarettes and RYO tobacco by 
modifying the perceived flavor, taste or odor, or by 
their humectant properties.

 
DISCUSSION 
Overall, the industry reports have an unclear structure, 
which significantly hindered the scientific evaluation 
of the provided studies. Moreover, the reports are 
not comprehensive, mostly due to limitations in 
the overall approach chosen and a range of specific 
methodological limitations, summarized in Bolling 
et al.10. As a consequence of the poor quality of the 
reports, we question the scientific validity of the 
conclusions in the industry reports and conclude that 
these are not warranted. Therefore, we conclude that 
the industry did not sufficiently fulfil the reporting 
obligations in the TPD. 

The weaknesses and deficiencies in the provided 
reports demonstrate that the tobacco industry cannot 
be considered an unbiased party in assessing their 
own products. The lack of inclusion of solid evidence 
from independent literature on menthol’s capacity 
to facilitate inhalation and enhance addictiveness is 
one clear example of such bias. This exclusion points 
towards a deliberate decision from the industry 
consortium to ignore existing evidence. Therefore, 
we recommend that information from the tobacco 
industry should not be used as the sole basis for the 
regulation of tobacco products.

The industry concluded that none of the additives 
is associated with concern when used in cigarettes or 
RYO tobacco. In contrast, our review demonstrates 
that many issues regarding toxicity and addictiveness 
of the additives have not been sufficiently addressed, 
and therefore concerns remain for a range of 
additives.  

For menthol, a ban on cigarettes and RYO 
products containing a concentration that leads to 
a characterizing flavor based on the TPD (Art 7.1) 
is already enforced. In addition, we found strong 
evidence in independent literature confirming 
that menthol facilitates inhalation by activating 
the cooling receptor TRPM8. This facilitation of 
inhalation is an intrinsic property of menthol (and 
its analogs) and can occur at levels far below the 
threshold of characterizing flavor. Menthol analogs, 
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including geraniol, have the same agonistic effect 
on this receptor and may work cumulatively. 
According to Article 7.6 of the TPD, tobacco products 
for smoking containing additives that facilitate 
inhalation or nicotine uptake shall not be placed on 
the market. Therefore, we conclude that the addition 
of menthol and geraniol (and other activators of 
the TRPM8 receptor) in any application level is not 
in compliance with the TPD. Finland and Germany 
already enforce a ban on menthol (and several of its 
analogs in the case of Germany62) at any application 
level, based on their inhalation facilitating 
properties63. 

Menthol also contributes to addictiveness via 
various mechanisms. However, since there are 
currently no validated tests to demonstrate (or 
disprove) a significant or measurable increase of 
addictiveness due to a change in one additive at the 
stage of consumption, regulation of menthol based 
on its contribution to addictiveness is hampered by 
the current phrasing of paragraphs 6.2 and 7.9 of the 
TPD. 

Sorbitol and guar gum were found to increase the 
formation of some carbonyl compounds with CMR 
properties to a measurable and significant degree. In 
addition, increased aldehyde levels may contribute 
to addictiveness through MAO inhibition. This effect 
has been previously demonstrated for combustion 
products of added sugars. The potentiation of 
addictive effects of nicotine through the mechanism 
of MAO inhibition43,44 was also indicated in the 2010 
SCENIHR report and acknowledged at the WHO 
workshop on addictiveness in 2018 (WHO, Berlin, 
Germany 15–16 May 2018)41,64. However, regulation 
of sugars and similar tobacco additives may be easily 
circumvented, as other unregulated compounds, 
including complex carbohydrates or sugar alcohols, 
might be added as substitutes for sugars, resulting 
in the same effect. As suggested by the WHO Study 
Group on tobacco product regulation (TobReg), 
a more promising approach would be to set limits 
for the yields of aldehydes (and other toxicants) 
per cigarette65. Pennings et al.66 demonstrated 
that formaldehyde yields are beneficial to monitor 
emissions of other toxicants, including carbonyls. 
Therefore, we advise the EC and MS to consider 
whether mandatory limits for selected aldehydes in 
MSS are suitable measures to restrict the effects of 

sugars and related additives on tobacco products’ 
toxicity and addictiveness65. 

Titanium dioxide in particles with an aerodynamic 
diameter ≤10 μm is classified as a carcinogen 
(Carc. 2) by inhalation. As TPD Article 7 states that 
tobacco products containing additives with CMR 
properties shall not be placed on the market1, such 
particles should not be included in tobacco products 
if they are inhaled. The experiment provided in the 
industry report does not demonstrate the absence 
of titanium dioxide particles in MSS, and thus 
concerns regarding carcinogenicity cannot be ruled 
out. To enforce a ban based on the classification, 
MS might request information from the industry 
about the particle size of the titanium dioxide used 
and representative experiments that demonstrate 
whether or not these particles are present in MSS. 

For diacetyl, no industry report was provided, 
and thus the reporting obligations in the TPD were 
not met. Diacetyl can cause mild to life-threatening 
airway obstruction and is likely to contribute to 
tobacco toxicity. Given that the primary source of 
diacetyl in MSS is pyrolysis, potential regulation 
of diacetyl as an additive may be complemented or 
replaced by regulation of additives that promote 
diacetyl generation. Although diacetyl is rarely 
added to cigarettes anymore, it is still frequently 
used in other tobacco products (based on Dutch 
EU-CEG data retrieved in 2021) and e-liquids67. 
We, therefore, recommend that the effects of the 
application of diacetyl in these products should 
be carefully evaluated.  The addition of diacetyl 
to e-liquids is prohibited in Germany due to its 
inhalation toxicity56. 

Many of the priority list additives and their 
pyrolysis products are flavorings, sweeteners and 
humectants that increase the palatability and 
attractiveness of cigarettes and other tobacco 
products. This is concerning as this may facilitate 
smoking initiation, particularly among adolescents. 
Properties that increase the attractiveness of a 
product (other than characterizing flavor) are 
currently not regulated by the TPD and consequently 
not assessed by the industry. Considering the raised 
concerns, we recommend that regulation of attractive 
product properties should be incorporated in future 
versions of the TPD. Until then, MS are advised 
to explore other regulatory options to limit the 
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attractiveness of tobacco products. 

CONCLUSION
Although restricting the use of priority additives may 
contribute to improved public health, enforcement 
of product bans based on several of these concerns 
is complicated due to the specific type of evidence 
required by the current phrasing of the TPD. 
We therefore strongly recommend a revision of 
paragraphs 6.2 and 7.9 of the TPD, both to ensure 
unambiguous interpretation and effective regulation 
of tobacco products and their ingredients. Moreover, 
the procedure itself (i.e. composing a list of priority 
additives, requiring tobacco manufacturers to provide 
data regarding their effects – without specifications 
or guidelines – and the independent scientific review 
of the industry reports) has been highly resource-
intensive and delivered little actionable information. 
The data presented in the industry reports provide an 
insufficient basis for the regulation of most additives. 
Ideally, a comprehensive and systematic literature 
review should be performed by an independent body 
to obtain unbiased evidence regarding the effects 
of the priority additives. Furthermore, alternative 
regulatory approaches should be considered, such as 
setting limits to the yields of toxicants per cigarette, 
as suggested by the WHO Study Group on tobacco 
product regulation (TobReg)65. 

Moreover, MS may consider applying the 
precautionary principle68 by banning additives 
for which concerns regarding their application 
in tobacco products have not been ruled out.  
Ultimately, each MS must consider whether the 
currently presented concerns regarding priority 
additives are sufficient to implement national bans 
on tobacco additives.
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