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Abstract 

Background: Heat-not-burn (HNB) tobacco products are not burnt but instead are inserted into a tobacco-heating system, which 

heats the tobacco at temperatures below that required to initiate combustion. This mechanism potentially results in significantly 

reduced concentrations of heat-generated toxicants in the inhalable aerosol. 

Method: The margin of exposure (MOE) approach was applied for quantitative risk assessment. The MOE is defined as the ratio 

between the toxicological threshold and the estimated human intake of the same compound. The higher the MOE, the lower the 

risk of a compound. 

Findings: The MOEs were increased by factors of 3 to 415 for the most toxic compounds in tobacco smoke, comparing use of 

HNB with smoking conventional tobacco products. The combined MOE for all compounds was increased 23-fold, excluding 

nicotine, or 10-fold including nicotine. Thus, the overall risk for cumulative toxic effects was markedly lower for HNB products. 

Conclusions: HNB tobacco reduced the risk of exposure to 9 out of the 20 most toxic compounds in tobacco beyond an MOE 

threshold of 10,000. While our results show that use of HNB products leads to a considerable risk reduction compared to 

conventional tobacco, the products cannot be considered completely “risk-free” due to risk of exposure to the remaining toxicants 

with MOE below the threshold. 

Heat-not-burn (HNB) tobacco products were first introduced 

for sale in 1988. They are now marketed as the tobacco 

industry’s response to non-tobacco-containing nicotine 

delivery systems, such as electronic cigarettes (Caputi, 

2017). HNB cigarettes are not burnt but instead are inserted 

into a tobacco-heating system, which heats the tobacco at 

temperatures below those required to initiate combustion 

(Smith et al., 2017). This mechanism potentially results in 

significantly reduced concentrations of heat-generated 

toxicants in the inhalable aerosol (Smith et al., 2017). Some 

European countries have reported exponential growth of 

sales of HNB cigarettes since 2016 (Liu et al., 2018). 

There is a lack of independent scientific studies of HNB 

tobacco products. Only limited in vivo and in vitro research 

about the effects of HNB cigarettes is available (Phillips et 

al., 2018; Titz et al., 2018; Titz et al., 2015; Brossard et al., 

2017; Picavet, Haziza, Lama, Weitkunat, & Lüdicke, 2015; 

Kamada, Yamashita, & Tomioka, 2016). Regarding the 

smoke composition, only a few recent studies were without 

industry affiliation (Li et al., 2018; Auer, Concha-Lozano, 

Jacot-Sadowski, Cornuz, & Berthet, 2017; Mallock et al., 

2018; see also Jenssen, Walley, & McGrath-Morrow [2017] 

for a critical review of industry-financed HNB studies). 

While similar industry studies (Schaller et al., 2016; Jaccard 

et al., 2017) typically concluded that a 90% reduction of 

harmful and potentially harmful constituents occurred with 

use of HNB products as compared to traditional tobacco 

products, Auer et al. (2017) found lower reductions for some 

compounds, ranging from only an 18% reduction for 

acrolein to an increase of 295% for acenaphthene. In other 

studies without industry affiliation, Mallock et al. (2018) 

confirmed reduced aldehyde levels (80-95%) and reduced 

volatile organic compounds (97-99%), and Li et al. (2018) 

determined 80% lower releases for some compounds. 

However, none of these studies provided a quantitative risk 

assessment; that is, they typically neglected the different 

potencies of the compounds, which may differ by several 

orders of magnitude, and their impact on health risks. 

Currently available integrated modelling has concluded that 
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HNB devices have lower cancer potencies than tobacco 

smoke by at least one order of magnitude (Stephens, 2017). 

However, in this model, only a sub-group of compounds, not 

including acenaphthene, was considered.  

Our study provides a comprehensive quantitative 

comparative risk assessment of tobacco smoke constituents, 

using the margin of exposure (MOE) approach, comparing 

HNB to conventional tobacco products. The MOE is a 

standard methodology for toxicological risk assessment (for 

a description, see European Food Safety Authority [2005] 

and Crump, Allen, & Faustman [1995], and for application 

in tobacco field, see Baumung, Rehm, Franke, & 

Lachenmeier [2016] and Hahn et al. [2014]). 

Method 

The methodology for quantitative risk assessment is based 

on a previous study for risk assessment of tobacco smoke 

constituents (Baumung et al., 2016; Lachenmeier & Rehm, 

2015). The selection of compounds is restricted to those with 

an MOE below 10,000 according to Baumung et al. (2016). 

The usual threshold for genotoxic carcinogens is 10,000 

(e.g., European Food Safety Authority, 2005; European 

Commission, 2008). In addition, acenaphthene was included 

due to the finding by Auer et al. (2017) that it is contained in 

higher amounts in HNB than in conventional tobacco 

products. An MOE is defined as the ratio between the 

toxicological threshold and the estimated human intake of 

the same compound. Toxicological thresholds—typically 

benchmark dose lower confidence limits—and a description 

of the endpoints used for toxicological thresholds were taken 

from Baumung et al. (2016). The exposures for smoking 20 

cigarettes per day were estimated using probabilistic Monte 

Carlo simulation based on average and standard deviations 

reported in three studies comparing HNB with conventional 

cigarettes (Auer et al., 2017; Schaller et al., 2016; Jaccard et 

al., 2017). Higher MOEs indicate lower risk. The MOE was 

calculated using the software package @RISK for Excel 

Version 5.5.0.  

The combined margin of exposure (MOET) is calculated as 
1

1
𝑀𝑂𝐸1

+
1

𝑀𝑂𝐸2
+⋯

MOET can be interpreted as a rough estimate of additive 

cumulative exposure, disregarding any differences in target 

site, toxicological mechanism, or potential synergistic 

interactions of compounds. Descriptive statistics of MOET 

results are provided as box plots, with the box being 

determined by the 25th and 75th percentiles. The whiskers 

are determined by the 5th and 95th percentiles. First and 99th 

percentiles are marked by x, while the minimum and 

maximum are marked with dashes. 

Results 

Except for acenaphthene, the MOEs of all compounds were 

increased (i.e., indicating less risk) by factors of 3–9 for 

acetaldehyde, ammonia, arsenic, chromium, catechol, 

formaldehyde, and pyridine, comparing HNB with 

conventional tobacco. For the rest of the compounds (see 

Table 1), the increase was above a factor of 10, up to 415-

fold for isoprene. For HNB, the MOE of several compounds 

(acenaphthene, benzene, chromium, m/p-cresol, ethylene 

oxide, isoprene, 4-(methylnitrosamino)-1-(3-pyridyl)-1-

butanone (NNK), N-nitrosonornicotine (NNN), quinoline, 

and styrene) exceeded the threshold of 10,000, while for 

conventional tobacco this was the case only for 

acenaphthene.  

The combined MOET for all compounds was increased 23-

fold for HNB compared to conventional tobacco smoking 

without nicotine (see Figure 1), or 10-fold with nicotine. 

Thus, the overall risk for cumulative toxic effects was 

markedly lower with use of HNB products compared to 

conventional tobacco products. 

Discussion 

HNB tobacco combined with an electronic tobacco-heating 

system reduced the risk of exposure to 9 of the 20 most toxic 

compounds in tobacco beyond a MOE threshold of 10,000, 

which is generally used as relevant to public health 

(European Commission, 2008). Acenaphthene, the only 

compound found in higher concentrations in HNB, has a 

very high MOE in both HNB and conventional tobacco and 

can be considered unlikely to pose any significant health risk 

to the consumer. Our findings corroborate the study of 

Mallock et al. (2018) who showed comparable nicotine yield 

between HNB and typical combustible cigarettes, but 

substantially reduced levels of aldehydes and volatile 

organic compounds. The differences of the Auer et al. (2017) 

study may derive from an unvalidated analytical 

methodology (e.g., Maeder & Peitsch, 2017). 

While our results show that HNB leads to a considerable risk 

reduction compared to conventional tobacco, the risk 

reduction is not complete and several compounds remain 

with MOE values considered to be at risk-entailing levels. 

Limitations in the risk assessment also include substances 

not currently being analyzed, such as pyrolysis products of 

plastics and other ingredients and additives unique to HNB 

(Mallock et al., 2018; Davis, Williams, & Talbot, 2018). The 

risk assessment also only considers isolated chemical 

compounds and does not include other acute and chronic 

effects—for example, respiratory or cardiovascular effects 

caused by other potential mechanisms such as temperature 

or other physical effects of the aerosol. 

Nevertheless, HNB tobacco might be a reasonable choice for 

risk reduction by heavy smokers otherwise unwilling or 

unable to stop smoking. From a public health point of view, 

what is key is whether HNB tobacco will be used by existing 

heavy smokers unwilling or unable to stop, whether it will 

prevent existing smokers from stopping completely, and 

whether it will attract new non-smoking customers. 
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Table 1 

Average margin of exposure (MOE) for tobacco constituents comparing exposure from heat-not-burn emissions using tobacco-

heating systems with conventional tobacco smoke 

Constituent  

MOE for heat-not-burn 

emissions using tobacco 

heating systems 

MOE for conventional 

cigarette smoke 

HCN 557* 6 

1,3-Butadiene 3425 12 

Acrolein 79 6 

Acrylonitrile 2269 15 

Isoprene 149743 361 

Formaldehyde 358 40 

Acetaldehyde 1197 326 

Cadmium compounds 3064* 9 

Catechol 994 165 

Benzene 14292 93 

Chromium 37427* 9846* 

Ammonia 1481 533 

Arsenic 9532* 1441 

Quinoline 42123* 1070 

Pyridine 2071 432 

Styrene 55085 2197 

4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) 10140 278 

m/p-Cresol 98435* 573 

Ethylene oxide 64749 499 

N-Nitrosonornicotine (NNN) 66463 2910 

Acenaphthene 5634244 12600430 

Nicotine 36 21 

MOET excluding nicotine  21 0.9 

MOET including nicotine  8 0.8 

* Marked values must be treated as worst-case scenarios (non-quantifiable concentrations were set at the limit of quantification) 
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Figure 1. Combined margin of exposure for tobacco constituents excluding nicotine for daily smokers (20 cigarettes). 
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