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Abstract
Background and Objective The market for heated tobacco products (HTPs) has grown markedly in recent years, and many 
governments have started to tax HTPs to regulate their use. To evaluate the impacts of HTP taxes on tobacco use behaviors 
and health consequences, we first need to assess if they effectively raise HTP prices in a tax system that also taxes cigarettes. 
This study jointly evaluates the pass-through of taxes to prices of HTPs and cigarettes.
Data and Methods We use a unique database on statutory HTP and cigarette taxes and retail prices of Marlboro-branded 
heated tobacco units and cigarettes from 2014 to 2021, developed by the Campaign for Tobacco Free Kids, in all countries 
where HTPs are sold. To estimate the pass-through of taxes to prices, we employ a seemingly unrelated regressions model. 
We also use an event study to test the impact of introducing HTPs to cigarette markets, as well as amending tax codes to 
include HTPs, on prices and price gaps.
Conclusions and Policy Implications Currently, the debate over whether HTPs should be taxed in comparison with cigarettes 
considers their potential harm reduction impact, and most countries tax HTPs at much lower rates than cigarettes in order to 
keep HTP prices lower than cigarette prices. However, the direct pass-through rate of HTP taxes to prices is several times 
smaller than that of cigarettes, resulting in very similar unit prices of HTPs and cigarettes. Further, while cigarette taxes 
are over-shifted to cigarette prices, HTP taxes are under-shifted to HTP prices, suggesting that tax gaps between the two 
products does not translate to price gaps. The results overall suggest that the lower taxes on HTPs do not lead to lower prices 
as compared to cigarettes and are unlikely to incentivize cigarette smokers to transition to HTPS for lower costs. Under this 
scenario, taxing both products equivalently could be an option to raise additional tax revenue.
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Introduction

Heated tobacco products (HTPs) are tobacco products mar-
keted by cigarette manufacturers as a substitute for ciga-
rettes that might reduce the harms of tobacco to users in the 
short term, but their long-term health impacts are unclear 

[1, 2]. Nonetheless, HTPs are not harmless and could have 
the undesired effects of attracting youth and young adults to 
tobacco use or prolonging addiction among users who would 
otherwise quit tobacco or nicotine products altogether. 
Worldwide, HTPs have entered markets in a growing number 
of countries in recent years. The majority of HTP brands are 
manufactured and marketed by tobacco companies that also 
produce cigarettes. For example, the first and most popular 
brand of HTPs is IQOS heating devices, used with HEET 
sticks that are branded as Marlboro in a number of coun-
tries, which was introduced by Phillip Morris International 
(PMI) in Japan in 2014. Since then, other large tobacco mul-
tinationals have followed by producing their own brands, 
including British American Tobacco with GLO (used with 
Neo or Kent heat sticks), Japan Tobacco International’s 
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Ploom Tech (used with Mevius heat sticks), and KT &G’S 
Lil (used with Fiit heat sticks). Nonetheless, as of 2020, 
PMI remains the leading manufacturer of HTPs, capturing 
82% of the global market of HTPs.1 Since its launch, the 
sales of HTPs have increased significantly in the world, with 
large volumes sold in Japan, Korea, and Italy, among others 
(Fig. 1). The increasing presence of HTPs in the tobacco 
market has posed challenges to regulators and policymak-
ers in places where they are sold. Similar to other products 
that may pose less short-term harm than cigarettes but may 
prolong addiction and attract youth and young adults, there 
is a debate among the public health community and poli-
cymakers about whether HTPs should be taxed at a lower 
rate and regulated in a less restrictive manner compared to 
cigarettes [3, 4]. Policymakers also face challenges in choos-
ing proper tax bases for HTPs: some countries impose taxes 
by sticks or packs, whereas other countries impose taxes by 
product weight.

According to the model of taxing cigarettes and other sub-
stances and the law of demand, taxing HTPs to make them 
less affordable could be the most effective policy to control 
the use of HTPs. In addition, taxing products based on their 
relative harms could incentivize consumers to switch from a 
higher-priced and more harmful product to a lower-priced, 
less harmful product. Although there is no conclusive evi-
dence that HTPs can help smokers to completely quit smok-
ing, taxing HTPs at a lower rate is being considered by poli-
cymakers if they indeed are substitutes for cigarettes. Thus 
far, several countries have employed different tax structures, 
types of tax, or tax rates to tax HTPs. In Europe, tax rates vary 
across countries and can be defined based on weight, number 
of sticks, retail prices, or consumption time. In Japan, since 
HTPs were included in the tax code in 2018, the effective 
HTP tax rates per stick have been increasing over time. In the 
US, although HTP are currently banned from being imported 
into the US, the FDA has nonetheless approved PMI’s IQOS 
as “modified-risk tobacco products,” which could have sig-
nificant implications on HTP taxation if the ban is removed 
in the future. For example, Connecticut adopted a guideline 
to tax products approved by the FDA as in the “modified-risk 
tobacco products” category (e.g., Swedish Match snus and 
IQOS) at half the rate of an equivalent quantity of cigarettes.

The effectiveness of tax policies to regulate HTPs ulti-
mately depends on how taxes are passed to prices (i.e., whether 
taxes sufficiently raise prices). Taxes could be under-shifted 
(i.e., a tax increase of $1 increases the price by less than $1), 
exactly-shifted (a $1 tax increase leads to a $1 price increase), 
or over-shifted (i.e., a tax increase of $1 increases the price 
by more than $1). This is because the supply side or manu-
facturers may respond to tax increases differently, depending 
on their market power and profit maximization incentives. In 

theory, the over-shifting of taxes to prices is linked to imper-
fectly competitive markets [5]. Evidence shows that the ciga-
rette market can be categorized as oligopoly, where the few 
large tobacco companies have the market power to increase 
prices more than tax increases driven by the incentive to gener-
ate profits for shareholders [5–7]. Empirical evidence to this 
day has focused on evaluating the direct pass-through effect 
of cigarette taxes to prices and has mostly focused on high-
income countries. Though this literature is still emerging, there 
is some evidence that taxes can be either under- or over-shifted 
to cigarette prices. The pass-through of taxes to prices is likely 
to vary across brands and depends on many other market char-
acteristics, including the ability for companies to introduce (or 
dismiss) new (existing) brands/segments, the ability to practice 
stock-piling, or regulations regarding promotions [8].

Given that the large tobacco companies also control the 
HTP market, it is likely that they will strategically respond to 
HTP taxes and set prices to maximize profits from both the 
cigarette and the HTP markets. In other words, companies’ 
responses to HTP taxes also depend on how they make deci-
sions on cigarette prices and respond to cigarette taxes. From 
observational evidence, and as confirmed by our data, PMI 
sets prices for HTP sticks, or heated tobacco units (HTUs) at 
the same level as equivalent quantities of comparable ciga-
rettes (i.e., per pack of 20 sticks). There is evidence that the 
marginal input costs of HTU are similar to cigarettes. In its 
reports to investors, PMI states that the growth rate of net-rev-
enue per HTU sold has quadrupled from 0.9% in 2018 to 3.7% 
in 2021, while that of cigarettes has decreased every year. In 
2021, net revenue per HTU sold was four times larger than net 
revenue per unit sold of cigarettes.2 In a highly concentrated 
market as is the case for HTPs, if HTPs generate large profits 
per unit (i.e., large profit margins), tobacco companies have an 
incentive to absorb all or part of cigarette tax increases to keep 
HTU prices similar to cigarette prices. They may also increase 
HTP prices higher than a tax increase to increase marginal 
profits. More generally, if companies’ intention in aligning the 
prices of HTPs and cigarettes is to reduce price competition 
between the two products, they may raise cigarette prices in 
response to HTP taxes and vice versa. These industry tactics 
could further vary by markets and reflect the different market 
shares that each company has of the cigarette market. In case 
companies’ cigarette market share is low, they may price HTP 
lower than cigarettes in order to take over market shares from 
competitors. However, if companies are leaders in the ciga-
rette market, HTPs may be launched as a defensive strategy to 

1 Phillip Morris International Investor Information, March 2021

2 For instance, PMI reports total adjusted net revenues per unit 
(including the shipments of cigarettes and HTUs) of 5.7% for the year 
2021 and a compound annual growth rate of net revenue per unit of 
6.7% since 2018. The company further reports that the performance 
of net revenue per unit has been driven by the increasing proportion 
of heated tobacco units in PMI’s sales mix.
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maintain market shares and competitiveness. The companies 
may also have incentives to keep HTP and cigarette prices 
similar when facing regulation uncertainties. With all these 
potential scenarios, it is critical to test these hypotheses or sce-
narios using empirical data and ascertain how tobacco manu-
facturers set product prices in response to the introduction of 
HTP taxes in tax systems or tax increases (i.e., how taxes are 
passed to prices or tax pass-through rate).

Moreover, as a growing number of countries have intro-
duced taxation for HTPs or are in the process of imposing 
taxes, it is important to assess the tax pass-through rate 
to better inform policymakers on the effectiveness of HTP 
taxes - a new regulation in many countries. The empirical 
evidence will also address the debate over whether tobacco 
taxes should be designed in a way to reflect products’ rela-
tive harms, in which system HTPs will be taxed at a lower 
rate than cigarettes. This rationale only stands when the tax 
gap between HTPs and cigarettes leads to a substantial price 
gap that will subsequently incentivize smokers to switch 
from cigarettes to HTPs completely. Studying how tax gaps 
lead to price gaps will thereby provide the necessary evi-
dence to better inform countries on whether to impose dif-
ferential tax rates for HTPs and cigarettes.

This study fills an important research gap by evaluating 
whether tax policy incentives that impose lower taxes on new 
products relative to cigarettes are effective at promoting HTPs 
to substitute for cigarettes. It assesses if differential taxation 
undermines or supports the impacts of nicotine or tobacco 
taxes in reducing tobacco consumption. To do this, we exam-
ine how HTP and cigarette taxes are passed to IQOS’s heat 
sticks and cigarette prices worldwide using PMI price data 
and unique HTP tax data that we collect, further employing 
an economic model that simultaneously considers taxes and 
prices for both products. Given that PMI’s HTP products are 
the market leader and big tobacco companies tend to adopt 
similar pricing strategies, we expect our results to be gen-
eralizable to other HTP and cigarette producers. The main 
findings are that the tax gap between HTPs and cigarettes is 
under-shifted to the price gap, implying that low HTP taxes 
are unlikely to result in lower HTP prices and encourage con-
sumers to substitute combustible cigarettes with HTPs.

This paper is structured as follows. Section “Data” describes 
the data collected for this study. Section “Empirical Methodol-
ogy” describes our empirical approaches to estimate the pass-
though of taxes. Sections “Results” and “Discussion” present 
and discuss the results, and section “Conclusion” concludes.

Data

Taxes and Prices
The tax and price data are obtained from the Campaign for 
Tobacco Free Kids (CTFK, 2021), which collected a large 

database on excise and sales taxes and tax systems for heated 
tobacco products and cigarettes, along with pricing informa-
tion, for all countries where heated tobacco products were 
sold from 2014 to 2021. As of February 2021, the database 
covered a total of 54 countries with HTP sales from all con-
tinents. The tax information was obtained from tax codes, 
tax laws and amendments, and regulation releases issued by 
countries’ regulatory or tax agencies (e.g., Tax Administra-
tions, Bureau of Finance, Customs). Price information was 
obtained for the most sold brand of heated tobacco sticks and 
its most comparable cigarette brand.

As previously mentioned, countries’ tax systems vary 
along several dimensions, including the types of taxes (spe-
cific excise, ad-valorem, minimum excise, mixed systems), the 
definition of the tax base for these taxes, and whether tax rates 
are uniform or heterogeneous between products. For instance, 
the specific tax could be based on weight, the number of sticks, 
consumption time, or more complex volume bases. The ad-
valorem tax could be based on the final retail price or the ex-
factory price. The existing literature suggests that the two ways 
to compare taxes are 1) converting ad valorem taxes and taxes 
based on weight to taxes per stick; and 2) imputing tax inci-
dence or burden as a percentage (%) of retail prices. To stand-
ardized taxes across countries, we calculated the total amount 
of excise taxes (not including the VAT) paid per stick in local 
currency terms, including all types of excise taxes and implied 
tax incidence. If taxes were changed in the middle of a year, 
we calculated effective tax rates using the number of months 
of each tax rate as weights to obtain annual average taxes. 
The resulting HTP and cigarettes tax database contains the tax 
implementation dates and historical changes in tax structures 
from 2014 onward, as this marks the year when IQOS was first 
launched in Japan. The tax bases are also standardized in ways 
that make them comparable between products and countries. 
As PMI’s IQOS Marlboro-branded HEETS are by and large 
the most-sold brand of heated tobacco products in the world, 
we use this brand for heated tobacco products in most coun-
tries, and the prices of equivalent quantities of comparable 
cigarettes brands, usually Marlboro, per pack of 20.3 From this 
database, we also calculated the gap between cigarette excise 
taxes and HTP excise taxes.4

To obtain a database that is comparable across countries, 
we converted all tax and price information from local cur-
rencies to purchasing power parity (PPP) values, which was 

3 In some countries, HEETS sticks are not the most sold brand of 
HTPs, or Marlboro cigarettes are not in circulation. In such cases, 
we replace HEETS with the most sold brand and its closest ciga-
rette equivalent. For example, in the Canadian province of Ontario, 
HEETS is not the most sold brand of HTPs, but its closest compara-
ble cigarette is Belmont 25’.
4 More information on the methodology, including the conversion 
weights (from grams to sticks), and relevant sources, can be found on 
CTFK’s website.
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obtained from the IMF’s World Economic Outlook [9].5 
More details about the data can be found on CTFK’s website 
[10], including an interactive global mapping tool, showing 
each country’s tax regulations and sources.

Other variables and controls
We construct the gap between cigarette and IQOS tax 

incidence as a simple difference between tax burdens (i.e., 
cigarette tax incidence-IQOS tax incidence). We collect 
time-varying measures that could impact prices, including 
Gross Domestic Product (GDP) per capita (in log terms), 
GDP growth rate, and Consumer Price Index (CPI).

Table 1 presents a summary of the data used in the regres-
sion analysis. The database is an unbalanced panel of 57 
countries and 13 Canadian provinces over 8 years from 
2014 to 2021, representing 301 country-year observations. 
The average price of heated tobacco products (prhtp) is PPP 
$7.98, just PPP $1.5 below that of cigarettes (prcig), at PPP 
$9.5, and even though the average total tax amount (tax-
htp) is PPP $1.78, more than 3 times smaller than the total 
excise tax on cigarettes, at PPP $4.9 (taxcig). The average 
gap between cigarettes and heated tobacco total excise taxes 
is PPP $3.1, more than one-third of the average price of 
cigarettes. We further decompose the excise tax gaps into 
specific excise tax gaps and ad valorem excise tax gaps. As 
most countries currently apply only specific excise taxes on 
heated tobacco based on the weight–at the same levels as 
pipe tobacco taxes– the large excise tax gap between heated 

tobacco sticks and cigarettes is essentially due to the small 
specific excise tax applied to heated tobacco sticks. As a 
result, the specific excise tax gap (taxgap_spe) between the 
two products is sizable, at PPP $2.1 on average. The ad valo-
rem tax gaps are relatively smaller, at ppp $0.98.

Empirical methodology

We follow the rich literature that estimates the impacts of 
taxes on prices using a two-way fixed effects model, which 
can be summarized using the following equations:

Where Price and Tax represent the prices and taxes per 
pack of 20 sticks of heated tobacco products or cigarettes 
in country i and year t, converted into purchasing power 
parity values. �1 and �1 (respectively �2 and �2 ) estimate the 
tax pass-through rates of a pack of heated tobacco (respec-
tively for cigarettes) sticks to prices. The regressions also 
control for a set of country-specific macroeconomic indica-
tors, denominated by vector Z_it, including GDP per capita 
(in logarithm form) and a full set of year and country fixed 
effects. Clustered standard errors are estimated to account 
for inter-temporal correlation within a country over time. 
We estimate these equations jointly using seemingly unre-
lated regressions (SUR) to account for the fact that prices 
for HTPs and cigarettes are decided jointly, hence that equa-
tions (1) and (3) are likely correlated [11, 12]. SUR produces 
more efficient estimates than POLS by weighting the esti-
mates by the covariance of the residuals.

To better understand the magnitude of the pass-through 
effect of different types of excise taxes to prices, we also 
estimate the tax impacts by separating specific taxes from 
ad-valorem taxes.

To further assess the validity of the industry’s claim that 
less restrictive regulations, or no regulations, on “reduced-
risk” heated tobacco products will encourage smokers to 
quit cigarettes by providing a price incentive on switching 
to heated tobacco, we also estimate the pass-through of the 
tax gap between cigarettes and HTPs. That is, the impact of 
the tax gap on the price gap between cigarettes and HTPs, 
specified in the following equation

Where GapPrrepresents the difference between cigarettes and 
HTP prices, and GapTax

it
 represents the difference between 

the total excise tax on cigarettes and HTPs.

(1)PriceH
it
= �1Tax

H
it
+ �2Tax

C
it
+ Zit� + �it

(2)PriceC
it
= �1Tax

H
it
+ �2Tax

C
it
+ Zit� + �it

(3)GapPr
it

= �1Gap
Tax
it

+ Zit� + �it

Table 1  Summary Statistics (N=301)

NOTE: All variables other than the tax burden gaps are converted to 
PPP values

Variable Mean Std.Dev. Min Max

HTP retail price 7.98 2.16 3.25 15.8
Cigarette retail price 9.46 3.42 3.25 25.8
ln (GDP per capita) 4.59 1.87 1.08 11
HTP overall excise taxes 1.78 1.26 0 7.5
Cigarette overall excise taxes 4.9 1.94 0.93 14.4
HTP specific excise taxes 1.34 1 0 5.74
HTP ad-valorem excise taxes 0.44 1.15 0 7.5
Cigarette Specific excise taxes 3.48 2.29 0 14.4
Cigarette ad-valorem excise taxes 1.42 1.61 0 8.4
Specific excise tax gap 2.13 1.74 −1.58 8.94
Ad-valorem excise tax gap 0.98 1.22 −3.22 4.57
Total excise tax gap 3.11 1.64 −0.07 8.94
Total excise tax burden gap 29.6 14.1 −4.8 65.2
Specific excise tax burden gap 18.3 13 −22.7 47.1
Ad-valorem excise tax burden gap 18.5 14.1 −3 52.4

5 The purchasing power parity indicator is the “Implied PPP conver-
sion rate” (variable PPPEX).
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We also test the existence of parallel trends prior to the 
implementation of HTP taxes. When HTPs are first sold 
on a market, these products are not explicitly covered in a 
country’s tax code. Instead, they are automatically taxed as 
the category of “other tobacco products” in the majority of 
countries. This event results in HTP sticks being taxed at 
the same rates as products such as “pipe tobacco”, based 
on weight resulting in much lower tax rates than cigarettes. 
Appendix Table 5 shows the list of 70 countries included 
in this analysis (57 countries and 13 Canadian provinces) 
including provinces) and the tax policies they employ for 
heated tobacco products. Among them, 10 countries have not 
modified their tax codes to include HTPs during the period 
2014-2021; hence there is no event year because the first 
year when HTP prices are observed coincides with the year 
when they are taxed as “other tobacco”. In other words, in 
these countries, there is no “pre-trend” in the price of HTPs 
as the first tax event year coincides with the first year when 
HTPs are observed on the market.

Nevertheless, the majority of the countries covered 
modified their tax systems to include HTPs shortly or 
a few years after the year when the product was intro-
duced in their markets. For example, in Armenia, when 
HTPs entered the market in 2018 (column 7 of Appendix 
Table A1), they were systematically taxed under the cat-
egory of “other tobacco products”. The tax system was 
changed in 2020 when HTPs were introduced in a sepa-
rate category and taxed based on the number of sticks, 
yet not at the same tax rates as cigarettes. In the Canadian 
province of British Columbia, when HTPs appeared on 
the market in 2016, they were taxed by default as pipe 
tobacco. The tax authority introduced HTPs in a separate 
category in 2020, taxing them using the same tax base and 
rates as cigarettes. Although most countries covered in this 
study have introduced HTPs in their tax codes, the major-
ity still tax them at much lower rates than cigarettes. As 
of 2021, of the 70 countries and provinces included in this 
research, only 12 tax HTPs equivalently to cigarettes. In a 
few countries, HTPs were initially taxed at a zero rate for 
a few years (Israel, Kazakhstan, Kyrgyzstan, Philippines, 
Poland, South Africa) and started to be taxed at positive 
rates in recent years.

To evaluate whether these tax reforms affect the price 
incentive towards switching tobacco use from cigarettes to 
HTPs, our first event is defined as the first year when HTPs 
were introduced into the tax code as an independent cat-
egory. This event can effectively increase (or not) the tax on 
HTPs, such as in cases where the new tax is set to be higher 
than pipe tobacco or equivalent to cigarettes.

Then we estimate an event study as presented in [13], as 
a two-way fixed effect model for the overall level of excise 
taxes and prices.

Where �i and �t are country and year fixed effects, X′
it
 are 

time-varying country controls, and �it is the error term. The 
lags and leads are binary variables referring to the number of 
periods (years) away from the event of interest and defined 
as follows:

The final lags and leads accumulate lags or leads beyond 
periods J or K. The first lag or lead is automatically omitted 
to capture the baseline difference between locations where 
the event occurs or not. In addition, we evaluate whether this 
event-the inclusion of HTPs in countries’ tax codes and the 
introduction of a specific tax category for them-impacts the 
price of cigarettes, and the gap between cigarettes and HTP 
prices, using a similar event study as described by equation 
(4).

Results

Table 2 shows the SUR estimates of tax pass-through rates 
to the prices of packs of HEET sticks and cigarettes using a 
variety of specifications. As SUR simultaneously estimates 
the model for heated tobacco and cigarettes, each set of two 
columns shows the results of equations (1) and (3), respec-
tively. The first two specifications (1) and (2) show the direct 
pass-through of a product’s excise taxes to the product price, 
while the next two specifications (3) and (4) show the indi-
rect effect of a product’s excise taxes on the other product’s 
price. Specifications (1) and (3) separate the specific and 
ad-valorem excises, while specifications (2) and (4) show 
the total excise tax pass-through to prices.

We find that a 1 PPP dollar increase in HTP taxes leads 
to a 31.4 cents increase in heated tobacco prices (Column 
3) whereas a one-dollar increase in cigarette taxes leads to 
a 1.1 dollar increase in cigarette prices (column 4). Both 
the specific and ad-valorem excise tax impact the prices of 
heated tobacco, with a pass-through rate of the ad-valorem 
tax about 3 times larger than the pass-through rate of the 
specific tax (column 1).

Both the specific tax and the ad-valorem cigarette taxes 
significantly impact the price of cigarettes by 0.99 and 1.4, 
respectively (column 2). We find no evidence of overall 
cross-price effects (specification (4), in columns 7 and 8), 

(4)
Pricegapit = � +

J
∑

j=1

�k(Lagj)it +

K
∑

k=1

�k(Leadk)it

+ �i + �t + X�
it
Γ + �it

(5)(Lagj)it =Π[t = Eventyeari − j] for j ∈ for

(6)
(Leadk)it =Π[t = Eventyeari + k] for k ∈ {1, ...,K} for
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though the ad-valorem tax on cigarettes positively affects the 
price of HTPs (specification (3), column 5).

Overall, these results reveal that while HTP taxes are 
under-shifted to heated tobacco prices, cigarette taxes are 
slightly over-shifted to cigarette prices. Cigarette taxes also 
seem to be shifted to heated tobacco products, but with off-
setting effects of each type of excise, with an overall effect 
remaining insignificant.

Table 3 reports the results of SUR models estimating the 
simultaneous effects of heated tobacco and cigarette excise 
taxes on tobacco product prices in specifications (1) and (2), 
and allows for the combined effect of the products’ taxes 
by including interaction terms in specifications (3) and (4). 
Specifications (1) and (3) show results that separate the two 
types of excise taxes by bases, while specifications (2) and 
(4) show results based on the full excise term. The results 
confirm that the overall pass-through of HTP taxes to HTP 
prices is small (column 3, around 0.31), while the pass-
through of cigarette taxes to cigarette prices is larger than 1 
(column 4, around 1.1).

Interestingly, while specification 2 suggests that there 
are no cross-product tax impacts (i.e., HTP taxes do not 
influence cigarette prices or vice versa), the more flexible 
specifications (3 and 4) show that there are cross-product 
tax impacts after controlling for the interaction between 
cigarette and HTP taxes. Given that cigarette taxes have 
been around for decades and are an important policy con-
text for HTP taxes, we focus on the discussion of the flex-
ible specifications (3 and 4) that allow cigarette taxes to 

moderate or mediate HTP tax impacts on prices and vice 
versa. As the WHO FCTC advocates for raising cigarette 
taxes continuously to keep up with inflation, the flexible 
specifications also better capture this dynamic.

The results reveal that the prices of cigarettes and 
heated tobacco products are simultaneously impacted by 
the taxes of both products. For example, specification (4) 
shows that when the total excises on each product simulta-
neously increase by 1 dollar, the price of HTPs decreases, 
though not significantly (column 7), and the price of ciga-
rettes increases by 3.4 cents (column 8). We also examined 
whether the cross-product effects of taxes on the other 
product’s price are moderated or mediated by own taxes. 
Indeed a PPP$ 1 increase of HTP taxes reduces the price 
of cigarettes by 17 cents, and a PPP$ 1 increase in ciga-
rette taxes increases cigarette prices by 94 cents. Likewise, 
the specification in column (7) reveals that after control-
ling for the interaction between cigarette and HTP taxes, 
a PPP$ 1 increase in HTP taxes raises HTP prices by 57 
cents; and that a PPP$ 1 increase in cigarette taxes raises 
HTP prices by 31 cents. These findings suggest cross-
product tax impacts on each other’s prices after consider-
ing the moderation impacts of own taxes.

The results in Table 3 support that HTP taxes are under-
shifted to HTP prices, while cigarette taxes are over-
shifted to cigarette prices - the conclusion we reached 
based on results in Table 2. In addition, we found cross-
product tax impacts - increases in HTP taxes would reduce 
cigarette prices, whereas increases in cigarette taxes would 

Table 2  The direct and indirect 
pass-through rates of excise 
taxes to prices, HTPs & 
cigarettes, SUR (N = 301)

p*** < 0.0001, p** < 0.05, p*<0.1. All regressions include year and country fixed effects

Variables Direct Excise Tax Effects Indirect Excise Tax Effects

(1) (2) (3) (4)

Spec. & adv. Overall Spec. & adv. Overall

HTP Cigs HTP Cigs HTP Cigs HTP Cigs

Spe. HTP taxes 0.20* 0.06
(0.11) (0.07)

Adv. HTP taxes 0.61*** 0.18
(0.19) (0.13)

HTP taxes 0.31*** 0.08
(0.09) (0.08)

Spe. cig taxes 0.99*** – 0.08
(0.05) (0.14)

Adv. cig taxes 1.34*** 0.69***
(0.08) (0.2)

Cig taxes 1.09*** 0.1
(0.05) (0.12)

Ln(GDP/Capita) 0.82 1.2*** 0.55 1.19*** 0.89 1.29* 0.88 1.21*
(1.12) (0.42) (1.11) (0.43) (1.11) (0.74) (1.13) (0.73)

R2 0.89 0.99 0.89 0.99 0.89 0.98 0.89 0.98
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1 3

increase HTP prices. This indicates that the prices of HTPs 
and cigarettes are jointly determined by tobacco compa-
nies and policy environments.

When we estimate the impacts of the tax gap between 
cigarettes and HTP excises on the price gaps between the 
products in PPP values and percentage points (Table 4), 
we find that the overall excise tax gap between cigarettes 
and HTPs is under-shifted to the price gap between cig-
arettes and heated tobacco, with a pass-through rate of 
the nominal tax gap of about 0.54. The tax burden gap, 
or incidence gap does not influence the price gap, except 
for the tax burden gap of the ad-valorem tax (column 4 
of Table 4). This finding complements the findings from 
Table 3 and shows that companies set HTP prices such 
that they align with cigarette prices, even when the gap in 
excise taxes between the two products increases.

The results of the event study described in Eqs. (5) and 
(6) are shown in Fig. 2. The event year captures the first 
year when a country first amended the tax code to introduce 
HTPs in a separate tax category. There is no event year in 
countries where HTPs are not explicitly defined in the tax 
code. With this event study specification, the coefficients for 

the lag terms can provide evidence of different pre-trends in 
cigarette prices, HTP prices, and price gap (cigarette minus 
HTP prices), between the treatment and comparison groups. 
If coefficients on the lags are small in magnitude and statisti-
cally insignificant from zero, this suggests that the parallel 
trends assumption is supported and that the two-way fixed 
effect model (or Differences-in-Differences) estimates the 
causal impact of introducing HTP products in tax codes on 
outcomes. Moreover, the event leads indicators capture the 
dynamics of outcome trends post the inclusion of HTPs in 
tax codes, or the delayed impacts of introducing HTPs in tax 
codes to impact outcomes. As expected, Figure 2 shows that 
there were no differential pre-trends in cigarette prices or 
post-policy dynamics prior to including HTPs in tax codes. 
We find no evidence of significant change in the trends of 
cigarette or HTP prices after the event. There is evidence 
of an increased variation across countries in both cigarette 
and HTP prices after the events. Also, HTP prices tend to 
decrease on average post events, as compared to before the 
events, but this change is not significantly different from 
zero. For price gaps between cigarettes and HTPs, there 
is evidence of significant differential pre-trends, but the 

Table 3  The combined pass-
through rates of excise taxes to 
prices, HTPs & cigarettes, SUR 
(N = 301)

p*** < 0.0001, p** < 0.05, p*<0.1. All regressions include year and country fixed effects

Variables Direct &indirect Excise Tax Effects Full interactions of excise taxes

(1) (2) (3) (4)

Spec. & adv. Overall Spec. & adv. Overall

HTP Cigs HTP Cigs HTP Cigs HTP Cigs

Spe. HTP taxes 0.31*** 0.08* 0.36** −0.2***
(0.11) (0.04) (0.17) (0.06)

Adv. HTP taxes 0.35* −0.14* 0.96*** 0.08
(0.2) (0.08) (0.36) (0.13)

HTP taxes 0.31*** 0.01 0.57*** −0.17**
(0.09) (0.03) (0.18) (0.07)

Spe. cig taxes −0.15 0.96*** −0.11 0.68***
(0.14) (0.05) (0.19) (0.07)

Adv. cig taxes 0.65*** 1.41*** 1.27*** 1.54***
(0.21) (0.08) (0.37) (0.13)

Cig taxes 0.09 1.09*** 0.31* 0.94***
(0.12) (0.05) (0.18) (0.07)

Ln(GDP/Capita) 0.56 1.04** 0.54 1.18*** 0.05 1.72*** −0.08 1.6***
(1.1) (0.42) (1.11) (0.43) (1.18) (0.43) (1.17) (0.45)

HTP spe. −0.01 0.69***
× Cig spe. (0.03) (0.01)
HTP adv. −0.15** −0.04
× Cig adv. (0.08) (0.03)
HTP tot. −0.05 0.034***
× Cig tot. (0.18) (0.07)
R2 0.89 0.99 0.89 0.99 0.9 0.99 0.89 0.99
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post-event trends in price gaps are not significantly differ-
ent from zero. This suggests that introducing HTPs in tax 
codes has reduced the price gap between the two products by 
a small amount, yet large enough to close the gap between 
the prices of the two products. Moreover, as the lags of HTP 
introduction do not impact future HTP prices, we did not 
find evidence for price smoothing or those companies slowly 
raising prices in response to taxes in order to avoid a hike 
in prices.

We conducted another event study based on the first year 
when HTPs were introduced in markets to indirectly inves-
tigate the possibility that HTPs are strong substitutes for 
cigarettes and that, as a result, when smokers or potential 
smokers have access to them, they might substitute ciga-
rettes with HTPs. If this is correct, we should see an impact 
on cigarette prices as the demand for cigarettes decreases. 
Alternatively, if tobacco companies are indeed committed 
to harm reduction as they claim to be, we may see them 
increase cigarette prices in order to move smokers from 
cigarettes to HTPs. Figure 3 shows no significant reactions 
of cigarette prices to the introduction of HTPS in tobacco 
markets, nor the existence of pre- or post- differential trends 
in cigarette market prices. Nevertheless, the overall cigarette 
excise taxes (inclusive of specific and ad-valorem excises) 
significantly increase in response to the introduction of 
HTPs to the tobacco market. This increase in cigarette excise 

taxes seems to be essentially driven by the ad-valorem taxes 
since the specific excise does not change significantly in any 
year pre- or post- the introduction of HTPs into the markets. 
Given that ad-valorem tax rates or tax bases have not been 
modified in most countries over the period, the increase in 
overall excise taxes suggests that cigarette prices may have 
increased as a response to the introduction of HTPs, sub-
sequently increasing ad-valorem tax payments and overall 
cigarette excise taxes. Finally, these results alone suggest a 
substitution effect between the products. More research is 
needed to evaluate the impacts of HTPs introduction and 
price differentials on the demands of heated and combustible 
tobacco products.

Discussion

Economic theory suggests that, by setting taxes based on 
relative harms, policies could create a price or cost incentive 
for consumers to switch to the cheaper product. We found 
that while the existing tax burden on HTPs is lower than that 
on cigarettes in most countries, the prices of the two prod-
ucts are very similar. In other words, the tax gap between the 
two products does not sufficiently raise price gaps and may 
fail to incentivize cigarette smokers to transition completely 
to HTPs. Further, although our empirical model is based 
on the assumption that cigarettes and HTPs are substitutes, 
there is a lack of conclusive evidence that HTPs are effec-
tive in assisting smokers to quit. Under this scenario, setting 
HTP taxes lower than cigarette taxes will unlikely achieve 
the desired public health benefits.

Given similar marginal costs of producing heated tobacco 
sticks, our evidence implies that under certain market con-
ditions, such as having a oligopoly power over two related 
products, the direct pass-through of taxes to prices can be 
much smaller for the low-taxed product (heated tobacco) 
than for the high-taxed product (cigarettes), signaling that 
companies extract large profit margins from the low-taxed. 
Therefore, the impacts of taxes on the demand for low-taxed 
products are likely to be non-significant because of minimal 
price shifts. As a result, tax incentives that favor HTPs to 
cigarettes are unlikely to be effective policy tools to encour-
age smokers to substitute them to combustible products, 
implying that these policies are likely to generate less tax 
revenues for governments but large extra profit margins for 
companies compared to policies that set equivalent tax rates 
between these products.

We use data from 70 countries (including 13 Canadian 
Provinces) during the 2014-2021 period to estimate the 
model jointly for HTPs and cigarettes, considering that 
their prices are set by manufacturers (mostly large tobacco 
companies) to maximize profits. Our results show that both 

Table 4  Impacts of tax gap between cigarette & HTP taxes on price 
gaps, SUR (N = 301)

p*** < 0.0001, p** < 0.05, p*<0.1. All regressions include year and 
country fixed effects

Variables Price Gap (in PPP$)

(1) (2)

Total taxes Separate excises

in PPP$ in %points in PPP$ in % points

Tax gap 0.53***
(0.11)

Tax burden gap −0.01
(0.01)

Spe. tax gap 0.56***
(0.19)

Adv. tax gap 0.46***
(0.2)

Spe. tax burden gap −0.01
(0.03)

Adv. tax burden gap 0.05**
(0.02)

Ln(GDP/Capita) 0.94 0.32 1 4.12
(3.53) (3.71) (3.52) (3.37)

R2 0.48 0.41 0.48 0.5
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cigarette and HTP taxes are passed to HTP and cigarette 
prices, but the pass-through rates are much lower for HTP 
taxes (0.31) than cigarette taxes (1.09), which confirms the 
model’s assumption that companies that manufacture both 
products respond to excise taxation policies by extracting 
large profit margins from heated tobacco products. It is criti-
cal for policymakers to evaluate how HTPs are taxed in com-
parison to cigarettes.

The finding that the direct pass-through effect of taxes is 
much smaller for HTPs than for cigarettes, while cigarette 
taxes are over-shifted to cigarette prices, and while the prices 
of both products are similar, suggests that companies raise 
substantial additional profits from heated tobacco products. 
The finding that the total excise tax gap between cigarettes 
and HTPs positively affects cigarette prices confirms this 
presumption. Meanwhile, although the absolute tax gaps 
influence price gaps, the tax burden gap (difference in the % 
rates) does not significantly impact the price gap. As a result, 
the evidence does not support the goal of using smaller tax 
burdens for HTPS than cigarettes (i.e., lower taxes per units 
of HTPs than cigarettes) to create economic incentives for 
smokers to “quit” cigarette smoking.

Using our estimated tax pass-through rates, we are able 
to project what would happen if countries make a one-
time adjustment and impose equal taxes on cigarettes and 
HTPs. As Table 1 suggests, the current excise tax rates are 
at $1.78 for HTPs and $4.9 for cigarettes, with a difference 
of $3.12. If governments close the tax gap between HTPs 
and cigarettes and raise the HTP taxes by $3.12, the aver-
age HTP price will increase by $0.96 to $8.94, still lower 
than the average cigarette price, which is at $9.46. If the 
tax pass-through rate remains stable for both cigarettes and 
HTPs, and both products experience the same amount of tax 
increases, the price difference between the two products will 
continue to grow as the HTP tax pass-through rate is much 
lower than cigarette tax pass-through rate.

Further research should evaluate the impacts of new 
tobacco products’ and conventional cigarettes’ prices on 
their respective demands. Indeed as cigarettes continue 
to be the core or primary product in tobacco companies’ 
revenue, the demand for cigarettes may not decrease as 
much because 1) tobacco companies can reduce the pass-
through of cigarette taxes to prices by raising additional 
profit margins from new products while keeping their 
price just below that of cigarettes to increase new prod-
ucts’ demand. Our results show that HTP tax rates are 
relatively low compared to cigarettes and under-shifted to 
prices. Even if HTP taxes are adjusted to the same level as 
cigarette taxes, the average HTP prices will still be lower 
than cigarettes. Moreover, the differential tax pass-through 
rates that are higher for cigarettes than for HTPs will make 
cigarettes more expensive than HTPs as taxes continue to 
grow over time. Therefore, whether differential taxes are Ta
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necessary to maintain the incentive for smokers to switch 
is debatable. Under this scenario, although we acknowl-
edge the potential benefit of differential taxes based on 
relative harms, policymakers may want to generate tax 
revenues by raising HTP taxes.

Policymakers also need to evaluate their goal when set-
ting HTP taxes. If the goal is to prevent youth and young 
adult non-cigarette users from initiating HTPs, the rationale 
for providing a cost incentive for smokers to switch may 
make sense. However, the findings from this paper reveal 

Fig. 1  PMI Sales of Heated 
Tobacco Units SOURCE.| PMI 
Earnings Releases PM-EX 
99.1 - A4. 2020, 2019, 2018. 
Appendix 1
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that setting heated tobacco taxes lower than cigarette taxes 
may not result in a sizable price gap between the two prod-
ucts while raising companies’ profit margins. Currently, 
although HTP prices are slightly lower than cigarette prices, 
tobacco companies set and maintain the two prices very 
closely. We project that, with a low tax pass-through rate for 
HTPs, if instead governments HTPs and cigarettes equiva-
lently, cigarette prices will remain higher than HTP prices, 
and governments would raise additional revenue.

There are several limitations to this study. First, the data-
base remains relatively small as HTPs are not yet distributed 
in many countries. Nevertheless, our data contain both cross-
country and time variation. They also include within-country 
variation in countries where local governments impose their 
own sales and excise taxes, such as in Canada. Second, the lim-
ited time span of our data to 8 years prevents us from control-
ling for unobserved country effects that vary simultaneously 
over periods and between countries (which would require 

country-year fixed effects). Instead, we use a two-way fixed 
effects model. Third, the data are for PMI products: IQOS’ 
HEET sticks and Marlboro cigarette prices. Although this 
could be a limitation on the representation of the markets, 
PMI remains a market leader in both markets, and the data 
are more comparable across countries than using other brands 
of heat sticks.6 Fourth, we do not control for the influences 
of e-cigarettes and other tobacco products on HTP or ciga-
rette prices. Fifth, we assume that tobacco companies’ ulti-
mate goal is to maximize profits for shareholders. Therefore, 
we did not consider their stated commitment to harm reduc-
tion. Their stance may change in the future if HTPs or other 

(A) (B)

(C)

Fig. 2  Event Study: First Year Introduction of HTPs in Tax Codes. NOTE: Prices and price gaps are in PPP $. Event dates are defined in Appen-
dix Table A1

6 We checked the robustness of the results to the exclusion of obser-
vations where HEETS and Marlboro are not the most sold brand 
(Canada), and found that this exclusion has no significant impact on 
the estimates.
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reduced-harm products account for a significant share of their 
revenues. Lastly, we do not have enough variations to disen-
tangle the impacts of different tax bases, such as weights vs. 
sticks. Future studies could address these limitations.

Conclusion

Theoretically, taxing HTPs at a lower rate than cigarettes 
could make HTPs more economically attractive than ciga-
rettes by encouraging firms to sell HTPs at lower prices 
than cigarettes, thereby incentivizing smokers to substitute 
HTPs for cigarettes. However, we find that HTP taxes are 
under-shifted to prices. Moreover, in spite of differential 
taxation, companies set similar prices for cigarettes and 
HTPs, which leads to a lower tax incidence for HTPs and 
generates more profits for tobacco companies to manu-
facture and sell HTPs. In other words, the tax difference 

or tax burden gap between cigarettes and HTPs does not 
translate into a sizable cost difference between the two 
products for consumers. Therefore, differential tax rates 
based on relative harms between cigarettes and HTPs 
will unlikely incentivize smokers to quit smoking using 
HTPs. Moreover, the WHO FCTC recommends countries 
to continuously increase cigarette taxes overtime to keep 
up with inflation, indicating that there likely are rooms 
to increase HTP taxes. Under this scenario, policymakers 
may use HTP taxes to achieve the tax revenue genera-
tion goal instead of the health promotion goal and may 
consider taxing HTPs at a higher rate to generate more 
tax revenues.
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Fig. 3  Event Study: First Year Introduction of HTPs in Markets .NOTE: Prices and price gaps are in PPP $. Event dates are defined in Appendix 
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