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In this paper, the content of harmful and potentially harmful constituents (HPHCs) in con-
ventional cigarette smoke and in the Tobacco Heating System 2.2 (THS 2.2) product, developed
by Philip Morris International (PMI) and marketed under the brand name IQOS (I Quit Ordinary
Smoking), as well as for conventional 3R4F cigarettes, was examined using statistical data ob-
tained from studies of scientific papers published between 2015 and 2022. Based on the analysis
of the results presented by independent and industry-sponsored studies, it was found that the
harmful and potentially harmful constituents (HPHC) are not entirely eliminated from the HTP
aerosol, so these products are still not without risks for the population. The data obtained for all
analyzed chemicals, with the exception of the substance with order number 30, N-nitrosoanaba-
sine, support the theory put out in this study, according to at least one group or multiple groups
of independent experts. In other words, in each individual case, at least one group of independent
experts attests that the information provided by the company s experts about the concentrations of
the analyzed compounds (at least for the maximum values obtained) in the aerosol stream emitted
by an IQOS device is not diminished.
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INTRODUCTION
Heated tobacco products (HTP) are a relatively new category of tobacco products
that were developed, as their manufacturers declare, as alternatives to conventional ci-
garettes because they would reduce the consumer’s risk of illness as a result of inhaling
fewer and smaller amounts of harmful substances.
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There are extensive published reviews of heated tobacco products [1-7] that sum-
marize studies on the health risks and composition of these products compared to con-
ventional cigarettes.

The goal of this review was to evaluate the scientific evidence that is currently
available regarding the qualitative and quantitative composition of THS aerosol (Philip
Morris International (PMI) product) and cigarette smoke. Moreover, the study examined
the levels of HPHCs from the PMI-58 list emitted by THS 2.2 devices, as measured by
expert groups within the company, to ensure they are not lower than the levels establi-
shed by independent expert groups (independent laboratories).

RESEARCH METHODOLOGY

In order to perform the meta-analysis of data on the content of HPHCs eliminated
as a result of smoking regular cigarettes and those of the THS 2.2, a critical review of sci-
entific publications in this field was carried out. The selection of scientific publications
from open sources was carried out from the databases Scopus, Web of Science, Google
Scholar, PubMed, MedLine, Embase, PsycINFO, ProQuest, CORE, Index Copernicus,
SJR, and others.

Primarily, in the selection process, the titles and summaries of the papers that lin-
ked to the research theme were used. In cases where the material supplied was pertinent,
whole scientific publications were printed and examined. Special attention was also paid
to the bibliographic references cited in these papers, which served as an additional so-
urce of information. Likewise, information already available on the websites of PMI,
Elsevier, Springer, and other sources that provide information on the use of THS 2.2 was
analyzed. After the information was analyzed, only those scientific publications that are
presented in English, are present in the pertinent international databases, have a DOI
identification (Digital Object Identifier) and were published between January 1, 2015,
and May 31, 2022, were chosen. There were removed duplicate papers, presentations
at various conferences, brief summaries without analysis of primary data, collections
of papers at various scientific events, papers presenting the findings of studies on the
composition of the air in spaces where THS devices were used, papers analyzing the
toxicological effects and dynamics of toxicological parameters over time, various par-
ticularities affecting health and various human organs as a result of smoking or using
THS systems, pharmacokinetic studies and other studies related to the field of medicine.
The meta-analysis did not use papers related to methodological peculiarities or in which
imperfect research methods were applied. The search for bibliographic sources, analysis,
and selection of scientific papers was carried out independently by three researchers.
After analyzing the results, in cases of ambiguity or unclear expression, the final decisi-
on about accepting or rejecting scientific papers in future studies was taken collectively
after discussions with arguments of particular opinions.

During the search of bibliographic sources, 261 papers were identified. After the
primary screening of titles and abstracts, 43 of these papers were removed, and a further
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25 papers or communications were subsequently removed during the second review.
From the 193 eligible papers, 178 studies had been excluded for a variety of reasons.
After analyzing the contents of the remaining papers for the meta-analysis, there rema-
ined 15 scientific papers analyzing the content of HPHCs in cigarette smoke and THS
devices; this represents about 6% of the initial sources. Of these, 10 papers represent
the results of independent studies, and 5 papers were published by members of research
teams within PMI’s scientific laboratories.

Independent studies were conducted in professional scientific labs in Japan (3 pa-
pers), China (2 papers), Germany, Finland, the USA, France, and Switzerland (each with
one publication). The research initiated by PMI was carried out by scientists in Switzer-
land (5 papers).

RESULTS AND DISCUSSION

During the investigated period, 10 articles containing pertinent, independent ex-
perimental data were published regarding the HPHCs content of THS products, which
represent the heat-not-burn (HNB) tobacco product that has been introduced to global
markets. These data are compared with the values of harmful and potentially harmful

substances provided by conventional 3R4F cigarettes (tab. 1).
Table 1

Analysis of data on the content of HPHCs presented by independent sources,
compared to the PMI-58 list

Source

Gideon St. Helen et al, 2018 [8]
Teemu Karkela et al, 2021 [10]

Xiangyu Li et al, 2018 [18]
Mallock Nadja et al, 2018 [2]
Auer Reto et al, 2017 [9]
BekkiKanae et al, 2017 [12]
Shigehisa Uchiyama et al, 2018
Wang Liyun et al, 2020 [20]
Romain Dusautoir et al, 2020
[2020]

Bekki Kanae et al, 2021 [11]
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Detected components
from the PML58 list 58126 12| 12| 7 12 | 28| 11 3 7

% of the PMI-58 list 100 45| 21| 21| 12| 21 481 19 | 5| 12

The results presented in scientific articles are published in specialized journals —
Tobacco Control (6.953 IF), Nicotine & Tobacco Research (5.825 IF), Archives of To-
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xicology (5.153 IF), JAMA Intern. Medicine (44.424 IF), Journal of UOEH (0.90 IS),
Chemical Research in Toxicology (3.973 IF), Toxicology Letters (4.271 IF), Journal of
Hazardous Materials (14.224 IF), Environmental Science and Pollution Research (5.19
IF), and Environmental Health and Preventive Medicine.

All publications used Tobacco Heating System (THS2.2) products, marked un-
der the brand IQOS and produced by Philip Morris International Inc., and reference
cigarette 3R4F purchased from the University of Kentucky (USA). Both products were
tested with the Health Canada Intense (HCI) puff regime. Chemical analysis of the ae-
rosol emitted by THS2.2. and of the reference cigarette smoke 3R4F was carried out by
applying methods using Comprehensive gas chromatography-mass spectrometry (GC-
MS), high-performance liquid chromatography coupled to a fluorescence detector, Gas
chromatography (GC) coupled with a flame ionization detector (FID), Liquid chroma-
tography-tandem mass spectrometry (LCMS/MS), FTIR spectroscopy and others. The
concentrations of detected substances are expressed in mg/stick, pg/stick, or ng/stick.

The perfect analysis of the data found in these papers is challenging for a number
of reasons, the most notable of which are as follows:

- the uneven distribution of the determined components. The number of determi-
ned components in general and the number of determined components included in the
PMI-58 list vary significantly depending on the goals of each research project (tabs. 1,
2). The most complete compilation of information is presented in the source [8], which
indicates the concentrations of 100% and 95% HPHCs, respectively, in the aerosol pro-
duced by THS2.2 and conventional cigarette smoke 3R4F, included in the PMI-58 list.
Other studies analyze a much smaller number of substances from this list, which makes
it difficult to compare the data and perform statistical analysis on them;

- the number of replicates of the analyses is different from one article to another,
from one parameter to another within the same article [2, 9], or is not indicated [9, 10].

As a result, these factors degrade statistical processing quality and decrease the
veracity of result comparisons.

Another peculiarity is the fact that in several independent scientific publications,
several determined parameters are not included in the PMI-58 list. For example, in the
source [11] only 5% of the detected components are found in the PMI-58 list, in the so-
urces [10, 12] the share of these substances is 12%, and in the source [13] only 19% of
detected substances are included in the list of PMI-58 components (tab. 1).

The analysis of the results presented in the five scientific papers published by sci-
entists from PMI shows that all of the research presented was carried out by scientists at
PMTI’s Center for Research & Development (R&D) located in Switzerland, and the data
were obtained as part of that research related to the comparison of levels of hazardous and
potentially harmful constituents (HPHC) found in PMI’s THS aerosol with levels found
in smoke from a reference cigarette, based on analyses by Labstat International ULC,
an independent contract research organization [21]; chemical composition, genotoxicity,
cytotoxicity, and physical properties of the THS aerosol [14]; comparative assessment
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of HPHC yields in the Tobacco Heating System THS2.2 and commercial cigarettes [15];
an experimental investigation into the operation of an electrically THS [16]; comprehen-
sive chemical characterization of the acrosol generated by a heated tobacco product by
untargeted screening [17]. The analysis of data on the content of HPHCs presented by
PMI scientists is presented in the tab. 2.
Table 2
Analysis of data on the content of HPHCs presented by PMI
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Detected components from the PMI-58 list 58 58 46 | 34 | 10
% of the PMI-58 list 100 100 79 | 59 17

The publications were published in prestigious specialized journals - Analytical
and Bioanalytical Chemistry (3.286 IF, Springer Publishing), Regulatory Toxicology
and Pharmacology (3.271 IF), Thermochimica Acta (3.378 IF) (Elsevier Publishing),
and Frontiers in Pharmacology (5.988 IF, indexed in the Web of Science database).

CONCLUSIONS

The research supporting the review provides evidence demonstrating heated tobac-
co products’ potential as a qualitatively and quantitatively less dangerous substitute for
traditional cigarettes. In comparison to the 4800 compounds found in cigarette smoke,
529 chemical elements were found in THS2 aerosol, excluding water, glycerin, and nico-
tine, at concentrations higher than 100 ng per item. Decreased yields for particular sub-
stances, which were the objects of study in the research reviewed, start at over 50% and
can reach over 90%. The statistical processing showed that at least one group of indepen-
dent experts, in each separate case, confirmed that the data provided by the company’s
experts for the concentrations of the analyzed substances (at least for the maximum
levels obtained) in the aerosol stream emitted by a THS device are not diminished.

However, we think that information about HNB products should be treated careful-
ly and with reserve for the time being, for several reasons.
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Between independent and industry investigations, there is a discrepancy in the
number of compounds tested (priority-regulated toxicants). For the HCI and Internati-
onal Organization for Standardization (ISO) smoking regimes, HnB product emission
monitoring is carried out; however, different puffing situations based on human puffing
behavior must be considered in the evaluations. There were chemicals found in THS 2.2
acrosol that were not found in cigarette smoke.

Regulatory authorities face challenges in overseeing so-called heated tobacco pro-
ducts (HTP). To effectively monitor and assess HTPs, relevant global oversight mecha-
nisms are necessary.
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