
Discussion
The separation and overlap of uptake distributions 
were used for examining reduced exposure to 
potentially harmful smoke constituents. The 
separation (i.e., change) is based on the modes of the 
distributions, whereas the overlap depends on both 
the mode and the standard deviation of the 
distributions. Both indices (change and overlap) 
support one another and add significant weight to the 
comparison of a potentially reduced exposure product 
to a conventional lit-end benchmark.

Nicotine bridging is complementary to a clinical study 
and examines potential differences in a laboratory 
setting that are not amenable to clinical biomarker of 
exposure determinations. An assumption made for 
this assessment is that smoke constituents’ uptake 
equals that of nicotine. Nicotine uptake from inhaled 
mainstream smoke is in the range of 95-99% (1-4), and 
similarly high deposition rates have been reported for 
smoke constituents included in this model (5).  
Smoking behavior is an independent two step process 
of smoke intake and subsequent inhalation. Whereas 
intake may vary significantly, the subsequent 
inhalation pattern has been reported as remaining 
relatively constant (6). Based on the large variety of 
structural classes, it seems implausible that all of the 
more than 4700 different chemical compounds 
identified in tobacco smoke are equally well absorbed. 
However, assuming that their uptake is ipso facto
equivalent to that of nicotine renders the comparative 
assessment a rather conservative estimation.

Introduction:
Philip Morris International (PMI) agrees with the overwhelming medical and scientific consensus that cigarette smoking causes lung cancer, heart disease, emphysema and other serious diseases in 
smokers, and that cigarette smoking is addictive. There is no ʺsafeʺ cigarette.  The best way for smokers to reduce the adverse health consequences of smoking is to quit. 

PMI has developed an electrically heated cigarette smoking system (EHCSS) with the goal to reduce exposure to potentially harmful 
constituents in tobacco smoke. So far, the assessment of the EHCSS-K cigarette shows promising results for substantial reduction of a 
variety of smoke constituents compared to conventional lit-end cigarettes, based on both chemical analysis of cigarette smoke, and on 
biomarkers of exposure in clinical studies. There may be numerous smoke constituents (tobacco mainstream smoke contains more that 
4700 substances) which are likely not accessible for exposure assessment by measuring their metabolites or measuring them directly in 
urine, blood, or exhaled breath. 

Objective:
Development of a model which can be used to estimate exposures to a large number of smoke constituents on the 
basis of measured nicotine uptake distributions in smokers. 

Methods:
The electrical heated cigarette (EHCSS-K6, 5 mg tar, ISO method) and a marketed conventional lit-end cigarette (Marlboro®, 6 mg tar, ISO method) were smoked using up to 10 
different smoking protocols. The purpose was to cover a wide range of human smoking behavior, based on nicotine uptake distributions determined in the clinical study for the two 
cigarette types. Relationships between nicotine yield and potentially harmful smoke constituents (nicotine-to-analyte regression analysis) were used for nicotine bridging, i.e., the 
estimation of smoke constituents’ uptake proportional to measured nicotine uptake distributions. 
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Estimation of Overlap:
The Z-value of the Z-function corresponds to a certain area 
of the normal distribution, which can be found in the 
cumulative Z-table. 
The mean and the standard deviation in the Z-function are 
properties of the normal distribution and “L” was defined 
as the value of the x-axis of the normal distributions where 
the frequencies of both normal distributions are equal.

Estimation of Change:
Reduction between two cigarettes is measured as 
percentage change and estimated from the modes of two 
overlapping distribution curves.

Note: The unit for overlap index is given in percent. However, it is important to keep in mind that this 
percentage corresponds to the total of the two normal distributions which are compared (i.e. = 200%).

Frequency distributions and fitted normal curves for nicotine uptake of the 
EHCSS-K6 and the Marlboro 6. (Mean of nicotine equivalents from days 3-8 
multiplied by 1.25, 
(Schepers, G. and Demetriou, D. 2002. Determination of nicotine and its metabolites in urine by HPLC after DETBA derivatization. 8th 
Society for Research on Nicotine and Tobacco Meeting, Savannah, GA, February 20-23, 2002.)

Conclusions
Nicotine bridging opens new 
avenues for examining 
reduced exposure, which 
could be extended to many 
smoke constituents as long as 
the nicotine-to-analyte 
relationships are known. This 
approach suggests that 
smoking the EHCSS-K6 can
lead to reduced exposure of 
certain smoke constituents 
compared to a conventional 
lit-end cigarette.
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Deliveries of potentially harmful smoke constituents from 
EHCSS-K6 relative to Marlboro  (6 mg ISO tar) on equal nicotine 

basis. (Measured under ISO conditions)
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Mean       1.00
SE           0.26
N                32
Median    0.99
10th perc. 0.68
90th perc. 1.34
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Mean       0.63
SE           0.25
N                29
Median    0.58
10th perc. 0.36
90th perc. 1.08
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aldehydes
acid derivates
aromatic amines
halogen compounds
inorganic compounds
monocyclic aromatic hydrocarbons
N-nitrosamines
phenols
polycyclic aromatic hydrocarbons Nicotine Regressions 

Regressions of potentially harmful smoke constituents against 
mean nicotine. Yields were measured at different conditions 

(i.e. smoking protocols) with smoking machines.
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Nicotine Bridging  

Nicotine Distributions

constituent= 
a + b * nicotine

Studies  designed and carried out at 
Philip Morris International R&D, Scientific Product 
Assessment, Neuchâtel, Switzerland and 
Philip Morris Research Laboratories  (Cologne, Germany & 
Leuven, Belgium)
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