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Figure S1. Per capita cigarette sales and the model fitted values (Approach 1) 
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Figure S2. Per capita cigarette sales and the model fitted values (Approach 2) 
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Figure S3. Per capita cigarette sales and the model fitted values (Approach 3) 
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Figure S4. Distribution of R-squared values associated with all possible reassignment of 

IQOS introduction dates among regions (Approach 1) 

 
Note: The black dashed vertical line indicates r-squared of the true, original model in Approach 1 
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Figure S5. Distribution of R-squared values associated with all possible reassignment of 

IQOS introduction dates among regions (Approach 2) 

 
Note: The black dashed vertical line indicates r-squared of the true, original model in Approach 2 
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Figure S6. Distribution of R-squared values associated with all possible reassignment of 

IQOS introduction dates among regions (Approach 3) 

 
Note: The black dashed vertical line indicates r-squared of the true, original model in Approach 3 
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Analysis based on market expansion dates 
 

In this alternative approach we noticed that the moment of product introduction might not be the best 

predictor of the onset of declines in cigarettes sales. Specifically, a newly-introduced product is usually 

being used by a small group of early adopters. It might take time for the product to be taken up by larger 

groups of consumers. Therefore, patterns of product diffusion are usually s-shaped, with a low rate of 

growth in the sales just after product introduction (line segment AB in Figure S7), a much higher growth 

in sales when the product is being widely adopted during the market expansion period (segment BC), 

and, again, a lower rate of growth at market saturation (segment CD).[1] So far in this analysis, we used 

point A at the new product market diffusion curve to predict the moment of the drop in sales of the old 

product (cigarettes) that is being replaced by this new product (IQOS). However, it might well be point B 

(market expansion), and not point A (market introduction), that would serve better to predict that 

moment, because that is where the new product is really taking off. 
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Figure S7. Typical patterns of product market diffusion 

 

 

In most Japanese regions, IQOS diffusion followed the same s-shaped patterns as those observed for 

other products. Figure S8 presents those patterns by Japanese regions. It is reasonable to assume that if 

IQOS sales cause a reduction in tobacco cigarette sales, then cigarette sales should start sharply 

declining once the IQOS sales curve increases sharply (i.e., the IQOS market begins to rapidly expand), as 

opposed to when the product is introduced. Therefore, in a separate set of models, we determined the 

time of IQOS market expansion and used that time to predict the drops in cigarette sales. 
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Figure S8. IQOS market diffusion in Japan 

 

 

In those additional models, the month of IQOS expansion is determined by establishing an appropriate 

market volume threshold – the minimum level of sales volume that reliably and consistently predicts 

immediate and rapid diffusion of IQOS in a given region. Specifically, the IQOS expansion date in each 

region is being defined by reaching a set threshold of heat sticks sold, which we set at one heat stick per 

capita per month in this case. The threshold of one heat stick per capita was chosen arbitrarily, since we 

could not find an industry document providing a definition of market expansion of either IQOS or 

cigarettes. This alternative method yields IQOS expansion dates that are different from the IQOS 

introduction dates used earlier in the chapter.  
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The regional IQOS expansion dates, as defined for this robustness check, are presented in Table S1 and 

Figure S9. As expected, IQOS expansion dates fall around the time when the IQOS sales curve begins to 

climb. The variation in the expansion date across the regions is substantial – the date of IQOS expansion 

varies from December 2015 in Hokkaido to June 2016 in Shikoku. 

 

Table S1. IQOS introduction and expansion by region 

Region 

IQOS introduction date 

(Approach 1) IQOS expansion date 

Chugoku Apr-16 May-16 

Hokkaido Sept-15 Dec-15 

Hokuriku Apr-16 May-16 

Kanto Apr-16 May-16 

Keihin Sept-15 Feb-16 

Kinki Sept-15 Apr-16 

Kyushu Apr-16 May-16 

Shikoku Apr-16 June-16 

Shinetsu Apr-16 May-16 

Tohoku Apr-16 Apr-16 

Tokai Sept-15 May-16 

Note: IQOS expansion is defined as the first month the IQOS sales reached one heat stick per person per 

month. 
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Figure S9. IQOS expansion in Japan 

 

 

The “changing growth” time-trend model [2] and Chow test [3] were, again, used to perform this 

robustness check. This time, the methods were employed to check whether cigarette sales followed the 

same trends before and after IQOS expansion in Japan. Again, the null hypothesis in the test is that the 

trend in per capita cigarette sales remained stable over time. The results of those models were similar to 

the results on IQOS introduction, in the main body of the manuscript. The high value of the Chow test 

statistic indicates that the null hypothesis of the stability of the trend should be rejected (F= 251.90, 

P<0.001). This means that the trend lines for per capita cigarette sales were kinked at the time of 

expansion of IQOS heated tobacco products in each of the eleven Japanese regions. Estimates from the 

test’s underlying model indicate that, across all regions, per capita cigarette sales were slightly 
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increasing before the introduction of IQOS (at a rate of 0.07 cigarettes per person per month on 

average) but started to decline after the IQOS expansion (declining at a rate of 0.69 cigarettes per 

person per month). 

 

The comparison of the original model, explaining the trends in cigarette sales by IQOS expansion, to the 

set of placebo models was, again, favorable to the true, original model. First, we found that IQOS 

introduction, which varied across regions, better predicted the timing of cigarette sales decline than any 

one time applied to all regions simultaneously (a national-level exogenous shock). Table  presents the 

goodness of fit of the true model versus all possible simultaneous national-level placebo date models. 

Checking if cigarette sales declined with IQOS expansion and not due to chance is a bit more 

complicated. Unlike with the analysis based on IQOS introduction, where there were only two groups of 

IQOS introduction dates (September 2015 and April 2016), there are five groups of dates of IQOS 

expansion here (one region with assigned expansion date in December 2015, one region in February 

2016, two regions in April 2016, six regions in May 2016, and one in June 2016). Therefore, while in the 

analysis based on the IQOS introduction dates, there were at most 330 possible combinations of the 

introduction dates, in this expansion-date-based analysis there are 27 720 possible combinations of the 

expansion date (11x10x(9!/(2!(9-2)!))x(7!/(6!(7-6)!))x1=27720).  

 

Unlike in the previously-presented analysis based on the IQOS introduction dates where the time-trend 

model was estimated on all possible combinations of IQOS introduction dates – an exact permutation 

test – in this case the models were estimated only on the sub-set of all possible combinations of IQOS 

expansion dates to facilitate the process. The statistical literature suggests that a sample of five 

thousand permutations is sufficient to approximate the result of the exact permutation test.[4] Thus, 

the statistical software was programmed to randomly select one combination of IQOS introduction 
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dates at a time and, if that exact combination was not previously chosen, to estimate the model and 

store the r-squared. The procedure was repeated five thousand times.  

 

The model based on the actual dates of expansion ranked in the top 98% (100th out of 5001) of a 

sample of all possible placebo models with combinations of the original IQOS expansion months 

redistributed among regions. Table S2 presents the goodness of fit of the true model versus the placebo 

permutation models, while Figure S10 presents the histogram of the R2 statistic for the placebo models, 

showing the placement of the test statistic for the true model amidst this null distribution. The results of 

this randomization test, again, indicate that it is unlikely that the timing of the observed declines in 

cigarette sales are unrelated to IQOS appearance on the Japanese market. 

 

Table S2. Goodness of fit of the model with true IQOS expansion months vs. placebo models 

True 

Introduction 

Date Model 

R2 

Simultaneous National-Level Placebo Date Models 

 – R2 distribution 

Months 

Tested 
Mean R2 Top 10% Top 5% Max 

0.7494 47 0.6898 0.7416 0.7434 0.7456 

                

                

True 

Introduction 

Date Model 

R2 

Permutation Test: True Model and Placebo Dates – R2 distribution 

True 

Model 

Rank 

Permutation 

Count 

Significance 

Level 

Mean 

R2 
Top 10% Top 5% Max 

0.7494 100 5001 2.0% 0.7361 0.7457 0.7476 0.7536 

Note: For the simultaneous national-level placebo dates, n=47 (fourth-eight months in the dataset 

minus the first month). For the permutation test, n=5001 (the original model plus a sample of five 

thousand models with placebo dates). The larger the R2 value, the better the model fits. Ordering the 

models by the Akaike’s and Schwarz’s Bayesian information criteria (AIC and BIC) yielded the same 
results. 
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Figure S10. Distribution of R-squared values associated with a sample of five thousand possible 

reassignments of IQOS expansion dates among regions.  

 
Note: The black vertical line indicates R-squared of the true, original model 
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