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In 2004, researchers at the
University of Minnesota
Transdisciplinary Tobacco Use

Research Center published findings
demonstrating what many had 
speculated but had not yet demon-
strated: Reducing cigarettes per day
did not necessarily translate into
reduced exposure to carcinogens.
Interestingly, the investigators found
that even when smokers could reduce
their cigarette intake by 73%, they
reduced their tobacco-specific toxin
exposure by only 30%. (1)

To explore further the effects of 
cigarette reduction on toxicant 
exposure, TTURC researchers 
measured levels of total 4-(methylni-
trosamino)-1-(3-pyridyl)-1-butanol
(total NNAL) in participants who
reduced their cigarette exposure
compared with those who were light
smokers. (Total NNAL, a biological
marker, indicates the amount of
exposure to the known tobacco-
specific lung carcinogen NNK.) The
main objective was to assess 
reducers’ degree of compensatory
smoking—changes in smoking
behavior that may occur in order to
make up for lower smoking levels
and/or to maintain a specific level of
nicotine in the body. (2-6)

Methods
Researchers selected 62 participants
in two smoking reduction interven-
tions and compared their urinary
NNAL levels with 62 light smokers
who smoked the same as the 
reducers. Using these measurements,
the investigators created a mathemat-
ical formula to calculate the degree
of smoking compensation in the
study participants.  

Study population
Light smokers averaged age 48, were
53% female and smoked an average
of 5.6 cigarettes a day. The reducers
averaged age 51, were 39% female
and smoked an average of 26 
cigarettes per day before they
reduced their cigarette intake. All of
those in the cigarette reduction group
decreased their smoking by at least
40% and smoked 5 cigarettes per day
within 6 months of enrollment in the
study.

Findings
Results showed that the average level
of NNAL for the reducers was more
than twice that of light smokers, even
when the two groups smoked about
the same number of cigarettes. (See
table 1.)  In addition, the greater the
reduction in smoking, the greater the
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Results and policy implications 
The average level of NNAL for the
reducers was more than twice that
of light smokers. Amidst the reality of
compensatory smoking, the only
known way to reduce disease risk
associated with cigarette use is to
stop smoking completely.
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amount of compensatory smoking that occurred.
Smokers who reduced their smoking to one to three
cigarettes per day, for instance, experienced a 4- to 8-
fold increased exposure to NNK per cigarette. 

Policy and health care implications
As a result of their findings, TTURC investigators
have concluded that compensatory smoking limits the
harm reduction value of reducing cigarettes per day.
To date, researchers do not know what level of 
reduction in tobacco toxicant exposure is necessary
to create a significant reduction in disease risk. The
only known way to lower the risk involved in smok-
ing is to stop smoking completely.
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Table 1. Total NNAL in light smokers and reducers

Mean SD 95% CI

Light smokers 0.85 0.80 0.65-1.05
(N=62)

Reducers 2.07 1.25 1.76-2.38
(N=64)
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