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1. SUMMARY
Population modeling shows that the introduction of IQOS products will contribute to the 
reduction of smoking-related harm by offering adult smokers a less risky alternative. We 
evaluated the public health impact of IQOS products on smoking-attributed deaths between 
ages 30-79 due to four major smoking-related diseases: (i) lung cancer, (ii) chronic obstructive 
pulmonary disease, (iii) ischaemic heart disease and (iv) stroke between 2024 and 2080. 

Our findings indicate that IQOS products will prevent about 50,000 smoking-related deaths for 
each percentage point of population prevalence that it reaches in 10 years after its introduction. 
For example, if the population prevalence of IQOS grows to 5% and stays steady until 2080, it 
leads to the reduction of 225,000 smoking-attributed deaths and 2.2 millions of years life saved 
(YLS). 

2. APPROACH
The Population Health Impact Model (PHIM) was used to model and analyze the public health 
impact of IQOS products in the U.S. This model relies on estimating transition probabilities 
between product categories such as combusted cigarettes, e-cigarettes and heat-not-burn 
products. As IQOS products are currently not marketed in the U.S., we used evidence from the 
Population Assessment of Tobacco and Health (PATH) Study for transitions between never, 
current and former of tobacco- and nicotine-containing products and former. In our baseline 
Conversion scenario, we assumed that there were the same probabilities of transition between 
combusted cigarettes and IQOS combusted cigarettes as between combusted cigarettes and e-
cigarettes. In sensitivity analyses, we relaxed this assumption and assumed a higher likelihood 
to switch from combusted cigarettes to IQOS products. 

3. METHODOLOGY
PMP S.A. developed the PHIM1 to estimate the reduction in the number of smoking-
attributable deaths (SADs) and in years of lives saved (YLS) following the introduction of 
an MRTP. It was originally described by Weitkunat et al. (2015) and has subsequently been 
used in a number of publications to model the effect of introducing an MRTP into the United 
States (Djurdjevic et al. 2018, Lee et al. 2017), Japan (Lee et al. 2018), Sweden (Djurdjevic 
et al. 2019), and Germany (Rytsar et al. 2022a, Rytsar et al. 2022b). It has also been 
used to estimate mortality reduction in the United States if conventional cigarettes (CCs)

1 See IQOS 2.4 MRTPA submitted on 5 Dec 2016, Section 7.4 Executive Summary: Population Health Impact 
Model studies and Appendix Report PHIM (Population Health Impact Model) System, Simulation and 
Sensitivity Analysis Report, Version 1.1, August 2016. 
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were largely replaced by e-cigarettes (Lee et al. 2022), and is among a number of modelling 
approaches considered in a recent review (Lee et al. 2021). 

The basic method involves two components, the Prevalence (P-) component and the 
Epidemiologic (E-) component. The P-component starts in a specified year with a population 
of a given sex and age range with a defined distribution of CC smoking. The population is then 
followed over discrete time intervals (year) under both a “Reference Scenario” and several 
different “Alternative Scenarios” using estimated transition probabilities (TPs), which 
estimates the probability of changing product use in an interval. In the Reference Scenario, the 
set of products is introduced, and the distribution of product use statuses in the population is 
updated at each interval based on TPs which allow for switching between products as well as 
for initiation, quitting or re-initiation of each product considered. Each Alternative Scenario 
introduces either a new product or a tobacco control policy. These can be introduced separately 
or in combination and PHIM generates a complete product use history for each Scenario for 
the follow-up period. 

The E-component then uses the histories to estimate age-specific relative risks (RRs) 
compared to never users for each follow-up year for each of four diseases: lung cancer (LC), 
chronic obstructive pulmonary disease (COPD), ischemic heart disease (IHD) and stroke. 
These four diseases are estimated to contribute 66% of all SADs (Weitkunat et al. 2015). The 
estimation involves a negative exponential model (NEM), allowing for multiple changes in 
product use, the NEM being described and justified elsewhere (Lee et al. 2015, Lee et al. 
2017). The model estimates the excess risk (RR−1) of the given disease at each year of age 
from the excess risk of the previous year, together with knowledge of changes in product use 
during that year. The model requires estimates for each disease of the RR for continued 
smoking and the half-life (H) of quitting. H denotes the time required from quitting for the 
excess risk (RR−1) to halve. It also requires estimates of the excess risk of exclusive new 
product use relative to exclusive smoking (F), sometimes referred to as the “effective dose”. In 
line with Martin et al. (2018), we assumed that the effective dose of heat-not-burn products 
such as IQOS is 20% of combusted cigarettes.

The product-related deaths are estimated for each Scenario based on (a) the average RR for 
each disease, (b) population counts and (c) national mortality estimates by sex, age group and 
time period. Number of years of life lost (YLL) before age 75 years are then estimated using 
the method of Gardner and Sanborn (1990) based on the assumption that deaths in each 
age group have a mean age of death at the midpoint of the corresponding range. Note that in 
the above, population estimates for future years are taken from national population 
projections, while death rates by disease for future years are estimated by applying the method 
of Osmond and Gardner (1982) to the corresponding data reported for earlier years. 
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7. APPENDIX
7.1. Modelling disease rate patterns by period and age using the Osmond and

Gardner method 
Mortality trends are often portrayed as a matrix, with age groups in rows and time periods in 
columns that show rates based on number of deaths and person-years at risk. Where age groups 
and time periods are equal, diagonals of increasing age and period relate to “cohorts” born 
around the same year. Interest often centers on whether trends result from period or cohort 
effects. However, knowing that two of the age, period, or cohort factors defines the third, there 
is no unique best-fitting solution to the model. 
In 1982, Osmond and Gardner (1982a, 1982b) recommended an approach based on the relative 
success of the three two-variable sub-models.  
The method involves fitting a model where the logged rates are expressed as linear functions 
of the individual age, period, and cohort parameter logs. This involves minimizing a weighted 
function of the squares of the residuals while constraining the period and cohort values, so that 
their averages are kept at unity. This raises an identifiability problem, since the logical 
association between age, period, and cohort values leads to either an infinite set of possible 
solutions or minima. Given any one solution, another can be obtained by adding or subtracting 
successive shift quantity multiples to each logged age, period, and cohort value. Thus, by 
shifting the cohort values in one direction and the period values in another, a new solution is 
produced that identically fits the data. The various shapes or rotations induced by the shifts 
will lead to different interpretations derived from the alternative solutions.  
Osmond and Gardner (1982a) approached this problem by first finding solutions to each of the 
two-parameter sub-models (age-period, age-cohort, and period-cohort) and then obtaining a 
full solution by minimizing a function of the three weighted-squared differences between each 
two-factor sub-model and the full three-factor model. The result adds more weight to the 
two-parameter models that produce a better fit to the data. The method is unique in its approach 
to the lack of identifiability of the problem, and it is difficult to envisage an alternative 
approach that does not rely on arbitrary assumptions to overcome the association between the 
three variables. The method’s results seem relevant, and the period and cohort values broadly 
resemble those obtained by calculating period- or cohort-based standardized mortality ratios.  

Applying the method to England and Wales’s lung cancer data, Osmond, Gardner (1982b) 
showed a sharply rising age effect, little period effect, and an inverted V cohort pattern peaking 
around 1900–1905 for men and 1925 for women. The cohort pattern was attributed to different 
smoking patterns in successive generations; however, Lee et al. (1990) noted that it was 
difficult to explain the recent cohort decline for women regarding changes in cigarette 
consumption.  
















