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ABSTRACT1 1 
Background    2 
Risk perception (RP) is central to smokers’ decision to switch to smoke-free tobacco and nicotine products 3 
(TNP). This study assessed temporal trends in the health RP of a novel heated tobacco product, IQOSTM, 4 
relative to cigarettes, among current IQOSTM users.   5 
  6 
Methods    7 
The analyses included repeated cross-sectional data from online surveys in Germany (2018–19), Italy 8 
(2018–19), and Japan (2016–17, 2017–18, and 2018–19) among a random sample of current adult IQOSTM 9 
users from local registers of IQOSTM users. The health RPs of cigarettes and IQOSTM were assessed using 10 
the ABOUT™–Perceived Risk instrument, and their difference was described as the relative RP of IQOSTM 11 
to cigarettes (RPCig:IQOSTM).  12 
  13 
Results  14 
After adjustment for covariates, the relative RPCig:IQOSTM was higher in 2018 than in 2019 (0.93; standard 15 
error, 0.33; P=0.005). This was driven by an increase in the RP of IQOSTM over time in Italy (2018: 42.6 16 
[95% CI, 41.6–43.5]; 2019: 44.4 [43.4–45.4]) and Japan (2017: 44.0 [43.1–44.9); 2018: 45.9 [45.2–46.7]; 17 
2019: 48.6 [47.9–49.4]), while the RP of cigarettes remained stable.  18 
   19 
Conclusions   20 
The relative RP of IQOSTM decreased over time, driven by an increase in the RP of IQOSTM, in agreement 21 
with epidemiological studies indicating a temporal reduction in the relative RP of smoke-free TNPs. 22 
Continued surveillance of the RP of novel TNPs is warranted to inform effective TNP risk communication 23 
and ensure that adults smokers who would otherwise continue to smoke understand the relative risks of 24 
novel TNPs.  25 
  26 

                                                           
1 RP Risk Perception; TNP Tobacco and Nicotine Product; THR Tobacco Harm Reduction; LA Legal Age;  
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INTRODUCTION 30 

It is widely acknowledged that minimizing tobacco-related harm at the population level depends not only 31 

on the degree of risk reduction of smoke-free tobacco and nicotine products (TNP), such as heated tobacco 32 

products and e-cigarettes, but also on their adoption by adults who would otherwise continue to smoke 33 

(Abrams et al., 2018; Beaglehole et al., 2019; Smith et al., 2016). A multitude of individual and 34 

environmental factors govern the transition from smoking cigarettes to using smoke-free TNPs (Abrams et 35 

al., 2018; Beaglehole et al., 2019). One of the key factors that may promote this transition among adult 36 

smokers is relative risk perception (RP). RP is a complex concept that incorporates perceived risk of a 37 

TNP to one’s health or to others (Afolalu et al., 2021). RP has often been explored in the literature from a 38 

clinical standpoint or from an epidemiological perspective as disease risk, yet consumers’ RP have rarely 39 

been investigated, particularly in relation to novel TNPs such as heated tobacco products (Afolalu et al., 40 

2021). Qualitative evidence (Britton et al., 2016; East et al., 2021; Evans et al., 2020; Tompkins et al., 2021) 41 

and observational studies have demonstrated that the RP of smoke-free TNPs influences current adult 42 

smokers’ decision to switch to smoke-free TNPs (Cox et al., 2018; Nyman et al., 2019; Yang et al., 43 

2019). Similarly, reviews have concluded that RP could act as a key driver in motivating smokers to quit 44 

(Czoli et al., 2017; Erku et al., 2021).  Concurrently, epidemiological studies have found that perceiving 45 

smoke-free TNPs to be as harmful as cigarettes may either lead some current adult smokers to not try 46 

smoke-free TNPs or lead former smokers to relapse to smoking (Camacho et al., 2021). In the context of 47 

population harm reduction, this suggests a potential barrier to switching from cigarettes to smoke-free 48 

alternatives among existing smokers. Indeed, a growing body of evidence indicates that the correct 49 

designation of risk apportioned to smoke-free TNP use vs. cigarette smoking is associated with the greater 50 

intention to use and the actual use of the respective TNPs (Gravely et al., 2020; Sutanto et al., 2020). Despite 51 

efforts to promote harm reduction strategies, studies across several countries have shown that smokers 52 

mistakenly perceive smoke-free TNPs to be as harmful as cigarettes (Abrams et al., 2018; Denlinger-Apte 53 

et al., 2021; Fong et al., 2019; Kozlowski & Sweanor, 2018; Wackowski et al., 2019). A recent analysis of 54 

the US Health Information National Trends Survey revealed that over half of US adults perceive e-cigarettes 55 

to as harmful or more harmful than cigarettes (National Cancer Institute., 2017, 2019, 2020). A further 56 

study reported that current adult smokers who have never used e-cigarettes were less likely to perceive e-57 

cigarette use as less harmful than smoking and more likely to be uncertain about their relative harm than 58 

former or regular e-cigarette users (Weaver et al., 2020).  59 

Understanding how RP influences smokers' decision to switch to smoke-free TNPs is critical to 60 

ensuring that current adult smokers who would otherwise continue to smoke are presented with viable 61 

alternatives while ensuring that non-users will not start using the products and existing TNP users who 62 

would otherwise stop using such products will not be deterred from quitting all TNPs (East et al., 63 
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2021). Misperceptions about the relative RP for smoke-free TNPs have been increasing in recent years. 64 

Observational studies indicate that the proportion of current adult smokers who believe smoke-free 65 

TNPs are less harmful than cigarettes has declined over the years, while the proportion of individuals who 66 

believe they are as harmful or more harmful than cigarettes has increased (Borland et al., 2011; Nyman et 67 

al., 2019; Weaver et al., 2020). Considering that RP is a key factor that governs the transition from cigarettes 68 

to smoke-free TNPs amongst adult users (Evans et al., 2020; Fong et al., 2019; Weaver et al., 2020; Yang 69 

et al., 2019) and is thus central to tobacco harm reduction (THR) strategies, it is critical to monitor the 70 

changes in RP over time and explore differences amongst countries in order to inform public health 71 

policies.   72 

The present study aimed to assess the temporal trends in the RP of a novel heated tobacco product, 73 

IQOSTM, relative to the RP of cigarettes, among current adult IQOSTM users across different countries. The 74 

secondary objective was to examine the association between IQOSTM use behaviors and relative RP.  75 

 76 

METHODS   77 

Study Design and Participants  78 

The analyses included data from repeated cross-sectional online surveys in Germany (2018 and 2019), Italy 79 

(2018 and 2019), and Japan (Years 2016–17, 2017–18, and 2018–19). Details of cross-sectional survey 80 

waves are shown in Figure 1. The overall study design and detailed description of the RP instrument have 81 

been described previously (Afolalu et al., 2021; Cano et al., 2018).  82 

Upon purchasing an IQOSTM device, IQOSTM users were invited to register in a country-specific 83 

PMI IQOSTM owners database. To ensure that a representative sample of IQOSTM users was selected, the 84 

age and sex distribution of the PMI IQOSTM owners database of the respective country was taken into 85 

consideration in each wave of data collection. Subsequently, a random sample of IQOSTM users was selected 86 

and invited to participate in the online surveys.  87 

Current (i.e., past 30-day, daily, or non-daily), legal age (LA) users of IQOSTM who had used 88 

>100 HEETSTM/HeatSticksTM in their lifetime and were residents and fluent in the language of the country 89 

of their participation were included in the study. LA users were defined using country-specific age cutoffs: 90 

Germany ≥18, Italy ≥18, and Japan ≥20 years, respectively.   91 

Potential participants were invited by email to participate in the study. Participants who accepted 92 

the invitation were presented a consent form, which included information about the aim of the study, 93 

duration of participation, voluntary nature of participation, confidentiality, use of data, and data privacy. 94 

All individuals included in the survey data provided informed consent prior to participation and were 95 

compensated for taking part in the research. The study was conducted in accordance with the Declaration 96 
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of Helsinki and was consistent with Good Epidemiological Practice (German Society for Epidemiology., 97 

2008; International Epidemiological Association., 2007).  98 

 99 

Sample Size and Sampling Frequency 100 

The details on sample size calculations for Japan have been described elsewhere (Afolalu et al., 2021). 101 

Briefly, an annual sample size of 2000 IQOSTM users was deemed sufficient to estimate a 50% prevalence 102 

of combined IQOSTM and TNP use with a 95% CI and a precision of ±2.19% (Afolalu et al., 2021; Lwanga 103 

et al., 1991). In Germany and Italy, the prevalence of fully converted exclusive IQOSTM users was estimated 104 

to be 63.4% from the results of an earlier survey (Afolalu et al., 2021). Thus, a sample size of 1,384 IQOSTM 105 

users per year was required for Germany and Italy, respectively, to estimate IQOSTM use prevalence with a 106 

95% CI and ±2.5% precision. Each annual survey consisted of four equally spaced waves.  107 

 108 

Questionnaires  109 

Eligible participants completed questions on demographics, the IQOSTM Users’ Questionnaire (IQOSTM-110 

UQ), which included questions about current IQOSTM use, current and former use of other TNPs (Afolalu 111 

et al., 2021).  112 

 113 

RP Measures   114 

The perceived risk of cigarette smoking and IQOSTM use were assessed with the validated and publicly 115 

available open-source ABOUT™–Perceived Risk Instrument, General Version. The instrument consists 116 

of an 18-item scale that measures the perceived risk of product use to the user’s physical health, starting 117 

with minor immediate manifestations of health risk, such as poor gum health, to more chronic conditions, 118 

such as lung cancer. Each item on the scale was rated on a 5-point Likert-like scale ranging from 1 (no risk) 119 

to 5 (very high risk) (Cano et al., 2018). From the scores of the 18 rated items, an overall RP score ranging 120 

from 0 (no risk) to 100 (very high risk) was calculated for cigarette smoking and IQOSTM use for each 121 

participant (Cano et al., 2018). The difference in RP scores between cigarette smoking and IQOSTM use was 122 

calculated to derive a measure of the relative RP of IQOSTM (relative RPCig:IQOSTM = RPcigarette – RPIQOSTM) 123 

for each participant. The ABOUT™ Risk instrument and its validation has been extensively detailed 124 

elsewhere (Cano et al., 2018; Chrea et al., 2018).  125 

 126 

Statistical Analysis    127 

Univariate analyses were conducted to assess the association between absolute or relative RPCig:IQOSTM
. 128 

and the following independent variables: sex (male/female), age groups (18–24, 24–44, and ≥45 years), 129 

IQOSTM use behavior (predominant IQOSTM/combined cigarette–IQOSTM use), intensity of use (number 130 
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of HEETS/HeatSticks per day, expressed as a categorical variable), country (Germany, Italy, and Japan) 131 

and country-specific survey year (2017 and/or 2018, 2019). Overall, the participants were categorized as 132 

predominant or combined users of IQOSTM based on their current use of different categories of TNPs and 133 

the quantity of TNP use. Predominant IQOSTM use was defined as >95% IQOSTM use for a combined 134 

cigarette and IQOSTM user. Combined cigarette–IQOSTM use was defined as IQOSTM use alongside cigarette 135 

smoking, at >30% and <70% of the total cigarette–IQOSTM use. IQOSTM users who reported ≤30% 136 

combined cigarette–IQOSTM use were not included in the analysis, as they were deemed to be predominant 137 

cigarette smokers.  138 

The analyses were performed using the multiple regression standard procedure in SAS 9.4 (SAS 139 

Institute). The models were adjusted for sex, age group, and IQOSTM use pattern and intensity. The 140 

regression model included data from all countries and from years 2018 and 2019. Additional sensitivity 141 

analysis including an interaction term between country and year was performed. Given the varying number 142 

of survey years, separate regression models were also computed for 2018 and 2019 for Germany, 2018 and 143 

2019 for Italy, and 2017, 2018, and 2019 for Japan.   144 

 145 

 146 

RESULTS  147 

Sample Characteristics 148 

This study included 2536, 2457, and 5044 participants from Germany, Italy, and Japan, respectively (see 149 

Table 1 for country- and survey year-wise sample characteristics). Across the surveys years, Germany and 150 

Italy had a balanced proportion of male (56.2% and 50.7%, respectively) versus female (43.1% and 49.3%, 151 

respectively) participants, while Japan had a higher proportion of men (80.7%) than women (19.3%). In all 152 

three countries, the proportion of participants in the age group 25–44 years (Germany, 50.7%; Italy, 52.8%; 153 

and Japan, 64.4%) was higher than that in the LA–24 years group (5.9%, 15.7%, and 5.7%, respectively) 154 

and ≥45 years group (43.4%, 31.5%, and 29.9%). Across the survey years, Italy (52.8%) and Japan (77.8%) 155 

had a higher proportion of predominant IQOSTM users than Germany (36.6%), where combined cigarette–156 

IQOSTM use was more prevalent. In Japan, daily use of ≥19 HEETS/HeatSticks was higher (43.6%) than 157 

daily use of ≤6 HEETS/HeatSticks (21.7%). In Germany and Italy, daily use of 7–12 HEETS/HeatSticks 158 

(15.2% and 30.4%, respectively) was higher than daily use of ≤6 HEETS/HeatSticks (8.2% and 17.4%, 159 

respectively). 160 

 161 

Risk Perception: Univariate analyses 162 

The RP of cigarettes was higher than that of IQOSTM across all countries and years. The mean values (and 163 

95% CIs) of the absolute and relative RPCig:IQOSTM
 are shown in Table 1 and the Supplementary Material. 164 
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The RP of cigarettes remained stable over time across all countries, while that of IQOSTM declined in Italy 165 

and Japan. The relative RPCig:IQOSTM remained stable in Germany (2018, 16.2 [15.5–17.0]; 2019, 16.5 166 

[15.7–17.2]) and Italy (2018, 21.0 [20.0–21.9]; 2019, 19.6 [18.6–20.5]) but declined in Japan (2017, 19.5 167 

[18.6–20.5]; 2018, 15.9 [15.1–16.6]; 2019, 14.5 [13.8–15.2]).   168 

Univariate analyses showed that the relative RPCig:IQOSTM was, on average, higher in Italy (20.3 169 

[19.6–20.9]) than in Germany (16.4 [15.8–16.9]) and Japan (16.4 [15.9–16.8]). This indicates that, across 170 

the survey years, relative to IQOSTM users in Germany or Japan, IQOSTM users in Italy perceived the risk of 171 

cigarettes to be higher than that of IQOSTM. The relative RPCig:IQOSTM
 was higher among women (18.2 172 

[17.7–18.7) than men (16.9 [16.5–17.3]) and among predominant IQOSTM users (18.8 [18.4–19.3]) than 173 

combined cigarette–IQOSTM users (14.9 [14.5–15.4]). The relative RPCig:IQOSTM
 was lower in the LA–24 174 

years group (15.7 [14.5–16.9]) than in the 25–44 years (17.2 [16.8–17.6]) and 45+ years groups (17.9 [17.4–175 

18.4]), and it increased with the number of HEETS/HeatSticks used (Table 1). 176 

 177 

Risk Perception: Differences Across Countries and Years 178 

Tables 2 and 3 summarize the multiple regression findings on the association between countries, years, and 179 

relative RPCig:IQOSTM after adjustment for sex, age group, IQOSTM use pattern and intensity. With all other 180 

variables (i.e., age, sex, IQOSTM use pattern and intensity) remaining constant, the relative RPCig:IQOSTM 181 

was found to be smaller in Germany and Japan than in Italy; it declined over time and was on average 0.93 182 

points higher (SE 0.33; P=0.005) in 2018 than in 2019 (Table 2).  183 

Additional sensitivity analysis including an interaction term for country–year demonstrated a 184 

significant interaction between country and year (Supplementary Table S3).   185 

Considering this significant interaction and given the availability of an additional survey year in 186 

Japan, separate regression models were run for each country. Overall, the relative RPCig:IQOSTM showed a 187 

smaller decline in Germany and Italy between 2018 and 2019, respectively (Table 3). In Japan, the relative 188 

RPCig:IQOSTM was greater in 2017 than 2018 and in 2018 than 2019, and decline in relative RPCig:IQOSTM 189 

was larger between 2017 and 2018 than between 2018 and 2019 (Table 3).   190 

 191 

Risk Perception: Association with IQOSTM Use Behavior 192 

Across the countries and years, the relative RPCig:IQOSTM was higher in predominant IQOSTM users than 193 

combined cigarette–IQOSTM users when all other variables remained constant (Table 3). This indicated that 194 

the difference in RP between cigarettes and IQOSTM was larger among predominant IQOSTM users than 195 

combined cigarette–IQOSTM users. This difference was mainly driven by the lower RP of IQOSTM among 196 

predominant IQOSTM users. 197 
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Relative RP and IQOSTM use intensity showed a positive linear association, with lower 198 

HEETS/HeatStick consumption being associated with lower relative RPCig:IQOSTM (Table 3).  199 

 200 

DISCUSSION 201 

In 2017, the Food and Drug Administration (FDA) introduced a new national nicotine management strategy 202 

with the objective of reducing the population health burden of tobacco (Abrams et al., 2018). The new 203 

strategy was based on the concept of continuum of harm which acknowledges the existence of a continuum 204 

of risk among TNPs, with combusted cigarettes representing the most harmful TNPs. The framework 205 

emphasizes the importance of transitioning smokers and TNP users down the risk continuum as a critical 206 

step towards improving public health (Zeller & Hatsukami, 2009).  Accordingly, in July 2020, the FDA 207 

authorized the sale of IQOSTM as a modified-risk tobacco product. The FDA stated that “the issuance of 208 

exposure modifications orders is expected to benefit the health of the population as a whole” and that “the 209 

Agency determined … that because the IQOSTM Tobacco Heating System heats tobacco and does not burn 210 

it, it significantly reduces the production of harmful and potentially harmful chemicals compared to 211 

cigarette smoke” (Food Drug Administration., 2020). Yet, consumers’ RP of novel heated tobacco products 212 

such as IQOSTM has not been widely investigated. To our knowledge the present study is one of the first 213 

studies to assess temporal trends in relative RP between cigarettes and a novel heated tobacco product, 214 

IQOSTM, among current adult IQOSTM users in Germany (2018–19), Italy (2018–19), and Japan (2016–19). 215 

Across all countries and years, IQOSTM users perceived the risk associated with cigarette smoking as greater 216 

than the risk associated with IQOSTM use. Importantly, while the RP of cigarettes remained stable over time, 217 

RP of IQOSTM increased.  This was reflected in the gradual decline in the relative RP of IQOSTM over time 218 

even after adjustment for other TNP use patterns. This decline was more evident in Japan, where survey 219 

data were available for three years, and represents a key finding of the evolution of RP of a novel heated 220 

tobacco product over time. 221 

Studies have shown that the RP of smoke-free TNPs relative to cigarettes is central to the successful 222 

implementation of THR strategies (Brose et al., 2015; Majeed et al., 2017; Morgan & Cappella, 2021). This 223 

is because relative RP is a key factor that influences current smokers’ decision to switch to smoke-free 224 

products, thereby driving the substitution of cigarettes with TNPs with lower content of harmful or 225 

potentially harmful compounds (Cox et al., 2018; Czoli et al., 2017; Nyman et al., 2019; Yang et al., 2019). 226 

Conversely, any misperceived risk of smoke-free TNPs relative to cigarettes among current adult smokers 227 

may adversely affect smokers’ intention to try or intention to use smoke-free TNPs or even promote relapse 228 

to cigarettes (Camacho et al., 2021; Majeed et al., 2017). Thus, in the context of public health, the present 229 

findings are critical, as they indicate that adult IQOSTM users accurately perceive the difference in risk 230 

associated with cigarettes vs. a smoke-free alternative such as IQOSTM. 231 
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Adding to the current body of evidence, our findings provide data on temporal changes in the RP 232 

of IQOSTM, which appears to follow similar trends to other smoke-free TNPs, such as e-cigarettes, as 233 

illustrated in repeated cross-sectional studies (Nyman et al., 2019) and longitudinal cohorts (Brose et al., 234 

2015). Using data from the Tobacco Products and Risk Perceptions Survey, an annual cross-sectional 235 

survey of a representative oversample of cigarette smokers, Nyman and colleagues found that, between 236 

2017 and 2018, the percentage of US adults who perceived e-cigarettes to be less harmful than cigarettes 237 

decreased from 29.3% to 25.8%, while the proportion of this population who perceived e-cigarettes to be 238 

more harmful increased (Nyman et al., 2019). The aforementioned studies as well as others (Tan et al., 239 

2017) have attributed the changes in RP to more negative media coverage as well as policy and regulatory 240 

changes driven by a rise in youth e-cigarette use. Cox and colleagues found that using only a Tobacco 241 

Products Directive’s health warning negatively impacted smokers' willingness and intentions to use e-242 

cigarettes, while messages conveying reduced harm were more effective in encouraging smokers to switch 243 

to smoke-free products (Cox et al., 2018). In the case of IQOSTM, a combination of factors likely drove the 244 

sharp decline in its relative RP, as is particularly evident in Japan, where the data were available closer to 245 

the local launch of IQOSTM and where a greater decline was observed between years 1 and 2 of the survey. 246 

Our findings show that the reduction in relative RP was driven by a deterioration in the RP of IQOSTM, a 247 

trend that is equally observed for other more established smoke-free TNPs such as e-cigarettes. 248 

Concerningly, in Japan, increase in RP of IQOSTM was observed particularly among predominant IQOSTM 249 

users, a finding that warrants further investigation.  Future studies should consider conducting an ecological 250 

momentary analysis to understand how differences in regulatory environments and changes in policy or 251 

external communications may have influenced RP over time. Understanding differences in regulatory 252 

environment is critical because it influences communications and information available to consumers, 253 

which in turn could influence consumers’ RP.   254 

In addition to evaluating differences in regulatory environment, further analysis is required to 255 

examine the temporal changes in the different constructs of the RP tool used in the present study. As 256 

explained earlier, the RP scale consisted of an 18-item Perceived Health Risk scale ranging from minor 257 

illnesses and discomforts such as coughing to long-term diseases such as cancer. Addressing how each of 258 

RP of these elements have changed over time may help clarify our findings and elaborate how the 259 

perception of these risk elements have changed over time. Although such analysis was beyond the scope of 260 

the current analysis, future studies should attempt to examine this issue with emerging new survey data 261 

focusing where possible on one region. Qualitative studies will also be required to understand the changes 262 

in RP among IQOSTM users. Finally, continuous surveillance of the RP of novel TNPs is warranted to ensure 263 

that adult users correctly understand the risk associated with different TNPs, particularly smoke-free TNPs 264 

such as IQOSTM. This is because for THR strategies to be effective, accurate and non-misleading 265 
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information must be made available to smokers to ensure adult smokers are able to make informed decisions 266 

about the risks and benefits of various TNPs to help facilitate their transition from cigarettes to smoke-free 267 

TNPs and prevent potential relapse into cigarettes (Svenson et al., 2021). 268 

Interestingly, the present study found that the relative RP of IQOSTM is greater among predominant 269 

adult IQOSTM users than combined cigarette–IQOSTM users. Similarly, a higher intensity of IQOSTM use, as 270 

indicated by the number of HEETS/HeatSticks used per day, was associated with a greater relative RP. It 271 

could be hypothesized that predominant IQOSTM users are driven to become exclusive IQOSTM users 272 

because of their lower RP relative to cigarettes.  Nonetheless, cross-sectional studies do not permit 273 

assessment of the direction of the association or establishment of a causal relationship. Consequently, it is 274 

not possible to determine whether smokers switched to IQOSTM because they perceived it as having less 275 

risk or vice-versa. Thus, future randomized controlled trials or longitudinal studies should address the 276 

direction of this association and examine how TNP use behavior changes over time based on the RPs of 277 

different TNPs (Persoskie et al., 2019). An understanding of the potential causal association between RP 278 

and TNP use patterns would help better inform public health decisions. 279 

One of the key strengths of this study is that we used the same instrument to assess temporal 280 

changes in the RP of cigarettes and IQOSTM in all three countries. Such consistent methodology allows 281 

comparison both across survey years and regions. To our knowledge, this is the first study to provide such 282 

temporal and global comparisons. In general, a key limitation of tobacco RP studies is the lack of 283 

consistency across RP measures (Kaufman et al., 2020). Many studies assess RP using unconditional 284 

measures that do not specify the product used, level of exposure, or intensity or timeframe of use (Kaufman 285 

et al., 2020). Such inconsistencies might account for some of the discrepancies in tobacco research. In 286 

contrast, the present study used a validated measure of RP that has been shown to have good internal and 287 

external validity (Cano et al., 2018; Chrea et al., 2018).  288 

In terms of limitations, the online surveys reported here rely on self-reported measures, which are 289 

prone to social bias, among other biases. However, the large heterogeneous sample and sampling strategy 290 

of the present study are likely to have offset such bias. The participants were  drawn from an IQOSTM owners 291 

database, which, could be argued, may have produced a selective sample of participants. However, on 292 

average, over 80% of IQOSTM users are registered in the IQOSTM owners database, and the present analyses 293 

included a random sample drawn using country-specific quotas that represented sex, age, and, where 294 

appropriate, regional distributions. In contrast, studies that draw samples from more general TNP user 295 

populations may suffer from information bias, as the participants may be unfamiliar with novel TNPs and 296 

thus ascribe the RP of one TNP to another. Finally, to date, inconsistencies remain in the definition of 297 

relative RP — some studies use direct measures of relative RP, where participants are asked a single 298 

question about their relative RP of novel smoke-free products vs. cigarettes, while others use more indirect 299 
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measures, where the RP of each TNP is measured by a separate question, and the relative RP is then 300 

calculated as a difference or proportion (Czoli et al., 2017). Further research is required to determine the 301 

value of the different methodologies. 302 

In conclusion, the present study demonstrates that the RP of IQOSTM is lower than that of cigarettes 303 

across the surveyed countries and years; however, the RP of IQOSTM does appear to be declining over time. 304 

This decline follows the temporal changes observed for other smoke-free products such as e-cigarettes. 305 

Further research on the factors that influence the changes in RP over time across countries with varying 306 

public health policies and regulations would allow us to evaluate the impact of public health policies and 307 

external communications on RP.  The latter, in turn, can impact the transition of current adult smokers from 308 

cigarettes to reduced-risk smoke-free TNPs. Such research will be critical, considering the recent need for 309 

more tailored and accurate relative risk communication of novel TNPs.  310 

 311 

 312 

 313 
  314 
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Figure 1. Structure of survey waves in each country by year. 

Abbreviations: W, survey wave; Y, study year. 

2016 2020

Country Dec Mar May Jul Nov Dec Feb Mar Apr Jul Aug Sep Oct Jan Feb Apr May Jun Jul Sep Oct Dec Jan

Japan 17-W1 17-W2 17-W3 17-W4 18-W7 18-W8 19-W9 19-W10 19-W11 19-W12

Italy 18-W1 19-W7 19-W8

Germany 18-W1 19-W7 19-W819-W5 19-W6

2017 2018 2019

YEAR

MONTH

19-W5 19-W6

18-W5 18-W6

18-W2 18-W3 18-W4

18-W2 18-W3 18-W4
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Table 1. Relative risk perception scores (mean and 95% CI) between cigarettes and IQOSTM by study variable.  

Country Germany Italy Japan 

Year Y1 Y2 Y1 Y2 Y1 Y2 Y3 

Category / Statistic N % Mean 95% CI N % Mean 95% CI N % Mean 95% CI N % Mean 95% CI N % Mean 95% CI N % Mean 95% CI N % Mean 95% CI 

RPCigarette - - 58.5 (57.7, 59.3.) - - 58.9 (58.1, 59.7) - - 63.7 (63.0, 64.4) - - 64.3 (63.6, 65.0) - - 63.7 (62.9, 64.6) - - 62.1 (62.6, 64.1) - - 63.3 (62.6, 64.1) 

RPIQOSTM - - 41.9 (41.0, 42.8) - - 42.2 (41.3, 43) - - 42.6 (41.6, 43.5) - - 44.4 (43.4, 45.4) - - 44.0 (43.1, 44.9) - - 45.9 (45.2, 46.7) - - 48.6 (47.9, 49.4) 

RPCigarettes-IQOSTM 1274 50.2 16.2 (15.5, 17.0) 1262 49.8 16.5 (15.7, 17.2) 1217 49.5 21.0 (20.0, 21.9) 1240 50.5 19.6 (18.6, 20.5) 1366 13.6 19.5 (18.6, 20.5) 1840 36.5 15.9 (15.1, 16.6) 1838 36.4 14.5 (13.8, 15.2) 

Sex                             

Male 717 56.3 16.7 (15.7, 17.7) 708 56.1 16.9 (15.8, 17.9) 543 44.6 20.9 (19.4, 22.3) 702 56.6 19.3 (18.0, 20.6) 1116 81.7 18.8 (17.8, 19.9) 1483 80.6 15.6 (14.8, 16.4) 1473 80.1 14.3 (13.5, 15.0) 

Female 547 42.9 15.8 (14.7, 16.9) 547 43.3 16.0 (14.9, 17.2) 674 55.4 21.1 (19.8, 22.3) 538 43.4 19.9 (18.5, 21.3) 250 18.3 22.6 (20.4, 24.8) 357 19.4 17.0 (15.3, 18.7) 365 19.9 15.4 (13.8, 17.1) 

Age Group                              

LA–24 years old 84 6.6 14.8 (10.7, 18.8) 65 5.2 18.2 (14.7, 21.6) 140 11.5 17.9 (15.0, 20.8) 246 19.8 16.8 (14.6, 19.0) 79 5.8 16.3 (15.5, 17.0) 112 6.1 11.9 (19.9, 22.9) 97 5.3 12.0 (20.1, 23.7) 

25–44 years old 643 50.5 17.0 (15.9, 18.0) 643 51.0 15.9 (14.9, 17.0) 659 54.1 21.3 (20.0, 22.7) 638 51.5 19.3 (18.0, 20.7) 940 68.8 17.9 (15.0, 20.8) 1149 62.4 15.6 (14.6, 19.0) 1159 63.1 14.3 (15.5, 18.9) 

≥45 years old 547 42.9 15.6 (14.6, 16.6) 554 43.9 16.9 (15.8, 18.1) 418 34.3 21.4 (19.9, 22.9) 356 28.7 21.9 (20.1, 23.7) 347 25.4 21.3 (20.0, 22.7) 579 31.5 17.2 (18.0, 20.7) 582 31.7 15.3 (19.4, 21.3) 

Use Pattern                             

Predominant IQOSTM 439 34.5 20.9 (19.7, 22.2) 488 38.7 20.3 (19.0, 21.5) 631 51.8 20.6 (22.3, 25.0) 631 50.9 23.7 (22.3, 25.0) 1297 94.9 20.5 (18.7, 22.3) 1035 56.3 20.7 (14.6, 16.5) 1430 77.8 16.5 (8.4, 15.5) 

Combined cigarette–IQOSTM 787 61.8 13.9 (13.0, 14.8) 755 59.8 14.1 (13.2, 15.0) 564 46.3 14.0 (16.6, 19.2) 564 45.5 17.9 (16.6, 19.2) 1115 81.6 11.9 (8.6, 15.1) 326 17.7 15.9 (16.0, 18.5) 401 21.8 13.5 (13.4, 15.2) 

Use Intensity**                             

≤6  265 20.8 13.8 (12.2, 15.5) 229 18.1 12.9 (11.4, 14.4) 207 17.0 17.2 (14.8, 19.7) 272 21.9 17.0 (14.9, 19.0) 131 9.6 16.0 (13.2, 18.8) 154 8.4 13.5 (11.2, 15.8) 195 10.6 10.9 (8.7, 13.1) 

7–12  367 28.8 15.2 (13.9, 16.5) 380 30.1 15.4 (14.1, 16.8) 385 31.6 20.5 (18.8, 22.2) 362 29.2 18.6 (16.9, 20.2) 334 24.5 18.6 (16.6, 20.5) 455 24.7 14.8 (13.3, 16.3) 482 26.2 14.5 (13.2, 15.9) 

13–18  260 20.4 16.6 (15.1, 18.2) 249 19.7 17.1 (15.5, 18.8) 268 22.0 21.5 (19.7, 23.3) 263 21.2 20.8 (18.8, 22.8) 307 22.5 19.2 (17.3, 21.1) 423 23.0 15.6 (14.1, 17.1) 366 19.9 14.8 (13.2, 16.4) 

≥19  382 30.0 18.6 (17.2, 20.1) 404 32.0 19.1 (17.7, 20.6) 357 29.3 23.2 (21.3, 25.0) 343 27.7 21.7 (19.7, 23.7) 594 43.5 21.0 (19.6, 22.5) 808 43.9 17.0 (15.9, 18.2) 795 43.3 15.2 (14.1, 16.3) 

 Abbreviations: RP, risk perception; LA, legal age to purchase tobacco product (18 years old in Germany, 18 years old in Italy, and 20 years old in Japan) 

*Predominant IQOSTM use was defined IQOSTM use for >95% out of total TNP use. Combined cigarette–IQOSTM use was defined as IQOSTM use alongside cigarette smoking, at a proportion >30% and <70% of the total TNP use. 

**IQOSTM use intensity measured as number of HEETS/HeatSticks consumed per day. 
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Table 2. Regression coefficients for the regression model including all countries (Germany, Italy, and Japan) and years 2018 and 2019.  

 
All Countries 

Categories ß SE P value 

Intercept 19.82 0.57 <.0001 

Sex    

Male -0.47 0.36 0.201 

Female Reference - - 

Age Group     

LA–24 years old -2.26 0.65 0.001 

25–44 years old -0.75 0.36 0.039 

≥45 years old Reference - - 

Use Pattern    

Predominant IQOSTM use 4.62 0.37 <.0001 

Combined cigarettes-IQOSTM use Reference - - 

Use Intensity**    

≤6  -3.77 0.54 <.0001 

7–12 -1.69 0.43 <.0001 

13–18  -1.18 0.45 0.009 

≥19 Reference - - 

Year    

2018 0.93 0.33 0.005 

2019 Reference - - 

Country    

Germany -3.31 0.45 <.0001 

Japan -6.73 0.43 <.0001 

Italy Reference - - 

Abbreviations: RP, risk perception; LA, legal age to purchase tobacco product (18 years old in Germany, 18 years old in Italy, and 20 years old in Japan). 

*Predominant IQOSTM use was defined IQOSTM use for >95% out of total TNP use. Combined cigarette–IQOSTM use was defined as IQOSTM use alongside cigarette smoking, at a proportion >30% and <70% of the total TNP use 

**IQOSTM use intensity measured as number of HEETS/HeatSticks consumed per day. 
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Table 3. Regression coefficients for regression models by country.  

 
Germany Italy Japan 

 
ß SE P value ß SE P value ß SE P value 

Intercept 15.80 0.72 <.0001 20.27 1.05 <.0001 15.50 0.91 <.0001 

Sex          

Male 0.56 0.54 0.296 -0.92 0.69 0.181 -1.99 0.58 0.001 

Female Reference - - Reference - - Reference - - 

Age Group           

LA–24 years old 1.58 1.20 0.185 -3.43 1.08 0.002 -3.13 1.06 0.003 

25–44 years old -0.20 0.55 0.717 -1.07 0.77 0.165 -1.12 0.51 0.028 

≥45 years old Reference - - Reference - - Reference - - 

Use Pattern*          

Predominant IQOSTM use 6.24 0.56 <.0001 5.14 0.69 <.0001 2.95 0.57 <.0001 

Combined cigarettes-IQOSTM use Reference - - Reference - - Reference - - 

Use Intensity**          

≤6  -4.13 0.80 <.0001 -4.22 1.04 <.0001 -3.17 0.85 0.000 

7–12 -2.89 0.68 <.0001 -1.98 0.89 0.027 -1.16 0.58 0.047 

13–18  -2.07 0.75 0.006 -1.04 0.96 0.281 -1.15 0.60 0.056 

≥19 Reference - - Reference - - Reference - - 

Year          

2017 - - - - - - 5.26 0.58 <.0001 

2018 0.18 0.53 0.739 0.90 0.69 0.195 1.37 0.54 0.011 

2019 Reference - - Reference - - Reference - - 

Abbreviations: RP, risk perception; LA, legal age to purchase tobacco product (18 years old in Germany, 18 years old in Italy, and 20 years old in Japan). 

*Predominant IQOSTM use was defined IQOSTM use for >95% out of total TNP use. Combined cigarette–IQOSTM use was defined as IQOSTM use alongside cigarette smoking, at a proportion >30% and <70% of the total TNP use 

**IQOSTM use intensity measured as number of HEETS/HeatSticks consumed per day. 
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Highlights 

• Risk perception is central to smokers’ decision to switch from cigarettes 

• Little is known of temporal changes in risk perception of novel tobacco products 

• Risk perception of heated tobacco increased in Italy and Japan 

• Difference in risk perception of heated tobacco relative to cigarettes declined 
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