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SUMMARY

Objectives—The public health burden of tobacco use is shifting to the developing world, and the
tobacco industry may apply some of its successful marketing tactics, such as allaying health
concerns with product modifications. This study used standard smoking machine tests to examine
the extent to which the industry is introducing engineering features that reduce tar and nicotine to
cigarettes sold in middle- and low-income countries.

Study design—Multicountry observational study.

Methods—Cigarettes from 10 different countries were purchased in 2005 and 2007 with low-,
middle- and high-income countries identified using the World Bank’s per-capita gross national
income metric. Physical measurements of each brand were tested, and tobacco moisture and
weight, paper porosity, filter ventilation and pressure drop were analysed. Tar, nicotine and carbon
monoxide emission levels were determined for each brand using International Organization for
Standardization and Canadian Intensive methods. Statistical analyses were performed using
Statistical Package for the Social Sciences.

Results—Among cigarette brands with filters, more brands were ventilated in high-income
countries compared with middle- and low-income countries [x2(4)=25.92, P<0.001]. Low-income
brands differed from high- and middle-income brands in engineering features such as filter
density, ventilation and paper porosity, while tobacco weight and density measures separated the
middle- and high-income groups. Smoke emissions differed across income groups, but these
differences were largely negated when one accounted for design features.

Conclusions—This study showed that as a country’s income level increases, cigarettes become
more highly engineered and the emissions levels decrease. In order to reduce the burden of
tobacco-related disease and further effective product regulation, health officials must understand
cigarette design and function within and between countries.
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Introduction

The public health burden of tobacco use is shifting towards the developing world, such that
by 2030, more than 80% of the world’s tobacco-related deaths will be in developing
countries. This change is occurring, in part, because the tobacco manufacturers appear to be
applying some of the same marketing tactics that made them successful in recruiting and
retaining customers in high-income countries in middle- and low-income countries. One can
anticipate that cigarette manufacturers will, as a matter of course, continually update their
product lines to adapt to shifting markets and consumer needs.? As public awareness of the
health risks of smoking gradually increased over the past 50 years, tobacco manufacturers
responded by introducing filtered and so-called ‘low tar and nicotine’ brands into the
marketplace. Trends towards lower tar brands worldwide are likely in response to
consumers’ growing awareness of the negative health effects of smoking.3 The marketing
of lower tar cigarettes is unfortunately aided by well-meaning government regulations that
include International Organization for Standardization (ISO)/Federal Trade Commission tar,
nicotine and carbon monoxide (TNCO) yields on packs, which merely draws attention to
meaningless distinctions among brands.® Labelling packages with this information is
troublesome because TNCO emission numbers are misleading to consumers, who do not
realize that these numbers are not related to the level of risk for a particular product.

Cigarette design plays a major role in determining TNCO yields in tests using machine
smoking. Cigarette filters, usually made from cellulose acetate filaments, are able to reduce
the machine yields of tar and nicotine by 40-50%.5 In high-income countries, such as the
USA, filtered cigarettes became popular in the early 1950s as the demand for lower smoke
yields grew, following the initial reports of lung cancer associated with smoking, and now
represent the majority of the market.5 The addition of filter ventilation to cigarettes is a
method widely used by cigarette manufacturers to achieve lower machine-measured TNCO
yields, able to achieve lower smoke yields than filters, paper permeability and tobacco
processing would be able to achieve alone.® Ventilation holes appear as a ring of tiny
perforations that circle the filter end of the cigarette. This design feature allows air to enter
the holes when a puff is taken, which reduces the amount of tobacco which is consumed,
and dilutes the tobacco smoke coming from the mouth end.® Filter ventilation is successful
in lowering TNCO yields when cigarettes are smoked by machines for testing, but they are
not as successful for people. People knowingly and unknowingly subvert this design feature
by blocking the ring of holes by a number of different methods. The holes are blocked by
smokers’ fingers, lips and, in some cases, even tape.” Smokers may also defeat ventilation
by taking larger, more frequent puffs or smoking to a shorter butt length to compensate.”
Internal documents available as a result of litigation reveal that the tobacco industry
capitalized on the limitations of the smoking machine protocol used to report TNCO yields
to consumers and regulators; cigarettes were promoted as ‘low yield” when they only
produced low yield under unrealistic smoking conditions.8

Given the growth of tobacco use in the developing world and the history of tobacco product
design in developed countries, the purpose of the current study is to examine whether the
design of cigarettes varies by country development level. It was hypothesized that countries
in different stages of the tobacco epidemic and awareness of the health risks of smoking
would have cigarettes that differ in their design features.
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Methods

Cigarette acquisition and storage

The cigarettes analysed in this project originated in 10 different countries (Table 1). Prior
research had focused almost exclusively on cigarettes from the USA, Canada, the UK and
Awustralia,®10 so cigarettes from these markets were not considered in the current study.
Field teams in each country purchased 18 packs each of popular brands of cigarettes in that
market from three distinct retail locations. Packs were purchased in the Czech Republic and
Greece in 2005, and packs from the remaining countries were purchased in 2007. The packs
were shipped via common courier to Roswell Park Cancer Institute, where they were
catalogued and stored at —20°C until analysis. In accordance with 1SO 3402:1999, the packs
were conditioned for a minimum of 48 h at 22+2.0°C and 60+2.0% relative humidity in an
environmental chamber prior to testing.

Income categories

The World Bank divides national economies according to gross national income (GNI) per
capita, expressed in US dollars®. The countries chosen for comparison were divided into
low-income (up to $3595), middle-income ($3596-11,115) and high-income ($11,116 or
more) categories on this basis.

Physical measurements

Five cigarettes were selected from each pack after conditioning for physical analysis. Digital
calipers were used to measure the length of the entire cigarette, the length and diameter of
the tobacco rod, and the length and diameter of the filter. Filter weight measurements were
made gravimetrically using an analytical balance. The tipping paper was removed from each
filter, and measurements of its length and the presence of any vent holes were performed
using a transparent ruler and a light box.

Tobacco moisture and tobacco weight

Tobacco moisture and tobacco weight were analysed using a HR83 Moisture Analyzer
(Mettler-Toledo, Columbus, OH, USA), and procedures were adapted from the Mettler-
Toledo Application Data Sheet?. The moisture content was determined as the percentage
change in weight after heating the tobacco from five cigarettes with a halogen bulb at
125°C.

Paper porosity
The level of porosity of the cigarette paper was measured using a PPM1000M paper
porosity device (Cerulean, Milton Keynes, UK). Five cigarette papers were tested for each
brand, with five readings taken for each paper, and the 25 total measurements were
averaged.

Filter ventilation and pressure drop

Measurements of the cigarette filter ventilation and pressure drop were taken using a KC3
combined dilution/pressure drop instrument (Borgwaldt-KC, Richmond, VA, USA). The
average was taken from five cigarettes tested with this device.

8nttp://data.worldbank.org/about/country-classifications/world-bank-atlas-method.
http://us.mt.com/global/en/home/supportive_content/application_methods/
CigaretteTobacco.rxHgAwXLuMvM.MediaFileComponent.html/Cigarette Tobacco_en.pdf (last accessed 10/09/2009).
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Tar, nicotine and CO emissions

The determination of TNCO emissions levels was performed by an independent laboratory
(Labstat, Kitchener, ON, Canada) using both ISO and Canadian Intensive (CI) methods. The
international standard method, ISO 3308, requires a puff volume of 35 ml, a puff duration of
2.0 s and a puff frequency of one per 60 s. Butt length is specified as 23 mm for non-filter
cigarettes and the length of filter overwrap plus 3 mm for filtered cigarettes. A modified
protocol is used to test the cigarette under “intense’ smoking conditions. According to
Health Canada’s intense smoking protocol, 100% of the filter vents are blocked by a single
layer of tape covering the filter and tipping paper. The puff volume is 55 ml and the puff
frequency is 30 s, but other parameters are identical to 1ISO 3308.

Statistical analysis

Results

Data analysis was completed using Statistical Package for the Social Sciences Version 14.0
(SPSS Inc., Chicago, IL, USA). Pearson correlations were used to identify univariate
associations between physical and design measurements and TNCO emissions under both
the ISO and CI regimens, and for high-, middle- and low-income countries. Discriminant
function analysis was used to determine design features that best discriminated among the
three development levels, with Wilks’ lambda used to test for significance. Multivariate
repeated-measures analysis of variance was used to examine associations between
development level and TNCO emissions, including adjustment for design features. Here,
Hotelling’s trace F-test for multivariate significance was used, with the Greenhouse-Geisser
correction for violations of the sphericity assumption applied in univariate tests.

Table 2 shows the mean values for design features on cigarettes across countries. Initial
analysis revealed that all of the brands from high-income countries had filters, compared
with 95% of the middle-income brands and 86% of the low-income brands with filters. If
one breaks this out further into whether those filters are ventilated, a pattern emerges where
95% of cigarettes in high-income countries had vented filters, compared with 87.5% in
middle-income countries and 44.4% in low-income countries; this difference was
statistically significant [x2(4)=25.92, P<0.001]. The majority of products popular in
Indonesia were kreteks, which differed significantly in terms of several characteristics
(higher tobacco rod length, weight, density and filter density, all P<0.001) from other
products purchased in the other low-income countries. For subsequent multivariate analyses,
only filtered, standard diameter cigarettes were considered. This reduced the overall sample
Size to 99 varieties.

Multivariate analysis

To determine whether some combination of design features could be used to distinguish
between filtered cigarettes sold in countries of differing income levels, a discriminant
function analysis was conducted. Two discriminant functions were derived, with a Wilks’
Lambda value of 0.275 [2(24)=108.99, P<0.001]. A significant association between
putative groups and predictors was seen [A=0.615, ¥2(11)=41.145, P<0.001]. The first
discriminant function (comprised of filter density, ventilation, moisture, filter weight, paper
porosity, tipping paper length, rod density, filter diameter, filter length) maximally separates
the low-income products from the remaining groups, while the second function (rod
diameter, tobacco length, tobacco weight) separates middle- from high-income products,
with low-income products falling in between. The two functions accounted for 66.3% and
33.7% of the variance, respectively. Classification statistics indicated an overall accuracy of
78.5%, with 71.4% of low-income, 80.6% of middle-income and 80.6% of high-income
cases correctly classified.
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A second approach examined whether brands made by the three largest multinational
producers (Philip Morris, British-American Tobacco, Japan Tobacco International; n=57),
available in countries at all income levels, were systematically different from brands
produced by other manufacturers (n=36). A two-way multivariate analysis of variance
examined the effects of income level and manufacturer on the set of cigarette design
variables. Overall, a significant multivariate interaction effect of manufacturer*income level
was observed [F(24,150)=3.428, P<0.001, partial n2=0.354], along with main effects of both
manufacturer [F(12,76)=4.754, P<0.001, partial n2=0.429] and income level
[F(24,150)=5.496, P<0.001, partial n2=0.468]. Drilling down to univariate effects, the
interaction was statistically significant for ventilation, filter density, filter weight and
moisture (Table 3). The brands from the major manufacturers were observed to be, on
average, largely identical across countries with different income levels, while the other
brands showed greater variation.

Examination of tar, nicotine and CO yields

Emissions for all brands were compared under the ISO and CI smoking regimens; results of
these basic comparisons are shown in Table 4. In general, cigarettes in the low-income
countries were found to have significantly higher puff counts compared with products from
middle- and high-income markets regardless of regimen. To account for this difference,
yields were indexed per litre of smoke for subsequent analysis, following a recommendation
of Rickert et al.11

A multivariate repeated-measures analysis of variance was used to examine the change in
TNCO emissions per litre of smoke simultaneously among the three income levels. (As
above, unfiltered cigarettes, kreteks and superslims were omitted from the analysis.) A
significant multivariate difference in yields by development level was found
[F(6,176)=11.166, P<0.001, partial n2=0.276], along with a main effect of testing method
(1SO vs CI) [F(3,89)=136.596, P<0.001, partial n2=0.822] and a significant interaction
[F(6,176)=9.286, P<0.001, partial n2=0.240]. Univariate results showed that TNCO yields
increased from ISO to Cl methods, as expected, but the patterns of change depended on
income level to differing extents.

To examine the impact of design features on these relative differences between 1SO and CI
yields adjusted for smoke volume, the design features were entered into the model as
covariates. A backward elimination approach was taken to remove those design features that
did not contribute explanatory power from the model, with a criterion of P>0.10 for
removal. The final model included tobacco length, tipping paper length, paper porosity,
ventilation, tobacco weight and filter density. Even with the inclusion of these covariates,
development level remained significantly associated with emissions per litre (Table 5).
However, accounting for the cigarette design variables eliminates most of the differences
observed between ISO and CI TNCO levels between high-, middle- and low-income
countries.

As a secondary approach to the question of how design influences emissions, the study
examined whether income levels differed in terms of average design features at a given tar
yield; the 9-11 mg range was chosen given the European Union upper limit. For this tar
level, significant differences were observed by income level in filter density and pressure
drop, both of which increased with higher income (data not shown).

Discussion

This study set out to compare the physical design characteristics and smoke emissions of
cigarettes from high-, middle- and low-income countries, and found that cigarette design
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does differ between countries with low, middle and high levels of income. The general trend
is that as the country’s income level increases, cigarettes become more highly engineered
and the emissions levels decrease. This was confirmed by discriminant analysis, where a
cluster of engineering elements best distinguished cigarettes from low-income countries
from those in middle- and high-income countries.

Multivariate analysis showed that when TNCO were adjusted for the amount of smoke
produced (i.e. expressed per litre), income level differences persisted, although they were
minimized by adjustment for a cluster of cigarette engineering features, the key being filter
ventilation. This is consistent with results observed in other studies.12715 Increased filter
ventilation decreases emissions levels in ISO machine testing, albeit in an illusory way, and
lower emissions levels are desirable in areas under pressure from health concerns (and, in
some cases, government regulations) to produce ‘less harmful’ cigarettes.®:16 Even after
these adjustments, cigarettes from lower-income countries still emitted more nicotine. This
may be a further marker of design, as the cigarettes from lower-income countries,
particularly those made by local manufacturers, may be less likely to contain engineered
tobaccos such as reconstituted sheet and expanded tobacco, with which rod nicotine content
can be altered.1’

Clearly, a wide range of cigarette characteristics exists, and the constellations of
characteristics appear to differ across country income levels. The design features appear to
explain most of the difference in TNCO vyields observed. This reinforces the point that
cigarettes can be manipulated by manufacturers to conform to local tastes and product
regulatory policies. The World Health Organization Framework Convention on Tobacco
Control calls for future regulation of the contents and emissions of products under Article
9,8 and a firm scientific basis is needed to support such regulation. It is clear that the
requirements of any regulatory scheme for tobacco products needs to encompass product
design as well as toxicant emissions. At the Third Conference of Parties (2008), the working
group charged with developing guidelines for Articles 9 and 10 noted that design features of
products should be included in any disclosure and testing requirements. In particular, they
identified product dimensions, tipping paper length, ventilation, paper porosity, moisture
content, packing density, and filter length and density as key metric for which reliable
measures exist.18 In addition, the TobReg proposalfor upper limits on specific harmful
constituents addresses issues of variable cigarette design in part by adopting a machine
smoking regimen that occludes vents and using nicotine-normalized emissions.1® However,
other researchers have gone further to call for proscriptions on the use of certain design
features, primarily filter vents, by manufacturers.16:20,21 These approaches are not
necessarily in conflict. Where deliberate efforts are proposed to reduce toxicants, regulators
ought to have some say over what methods for compliance are or are not legitimate. Indeed,
it is reasonable to question why, in the case of cigarettes, which are exceedingly dangerous
with no accompanying societal benefit, manufacturers should be permitted to continue
designing their products without restriction.

Given the growing concentration of the cigarette market in a relatively small number of
transnational corporations,?? it is likely that engineered cigarettes which provide an illusion
of safety will only become more and more common in low- and middle-income countries
unless regulators intercede. Indeed, this study found that products made by the major
transnationals were practically identical across income levels. Inaction could leave smokers
there vulnerable to the same marketing tactics used in Western markets since the 1970s.
6,21,23 |ndeed, there is evidence that pack colours, for example, can signal product strength
to smokers,24:25 even if actual design differences between products are minimal.28
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This research may be limited by the sample of cigarette brands used for the study. It would
be unreasonable to test every brand of cigarettes available in each country that participated,
so the brands selected may not be a perfectly representative sample. Some brands were
chosen according to popularity and market share, as determined by the representative
sending the brands to the laboratory. This could affect the results if cigarettes with particular
characteristics were over- or under-represented in the sample. Also, the current study did not
examine other aspects of design, such as the use of additives, which are also believed to
impact smokers’ perceptions of products.2’

Innovations in product design are motivated by a variety of factors, including increasing
health concerns, public health regulations and manufacturing cost. In order to continue
making progress in the improvement of public health by reducing the burden of tobacco-
related disease, health officials must possess strong scientific understanding of cigarette
design and function, and the ways in which products in different markets are similar and
divergent. This way, effective, relevant and enforceable regulations may be placed on
tobacco products.
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