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Abstract
The increase in levels of blood nicotine that occurs
from smoking a single cigarette, sometimes referred to
as a “nicotine boost,” is an individualized measure of
how much nicotine has been extracted from smoking a
cigarette. This study investigated the demographic,
smoking status, and psychological predictors of
nicotine boost in a sample of 190 treatment-seeking
smokers. Boost was assessed by comparing plasma
nicotine levels before and after participants smoked
one of their own brand cigarettes ad libitum. Positive
affect (mood) was a significant positive predictor of
nicotine boost, controlling for baseline cotinine levels
and cigarette brand (Federal Trade Commission)
nicotine delivery. However the proportion of variability
accounted for in the model was relatively small (5%).
Future research on individual differences in nicotine
boost is warranted to clarify the role of psychological,
physiological, and cigarette-related determinants.
Introduction
The increase in blood plasma nicotine level after smoking a
cigarette (referred to as “nicotine boost”) is a measure of the
absorbed dose of nicotine, which in turn reflects exposure to
other smoke constituents (1). The dose of nicotine taken by
a smoker is determined by a variety of factors. These include
the way in which the cigarette is smoked (topography),
characteristics of the cigarette, and, possibly, individual
factors such as level of dependence, type of reward sought
from smoking, gender, race, and pulmonary-related symptoms (2– 6). Although there are individual differences in
nicotine metabolism rate, such differences have little impact
on nicotine boost given the brief time interval between
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smoking and measurement of nicotine levels. In this period,
minimal metabolism of nicotine occurs (the metabolic halflife of nicotine is about 2 h; Ref. 7).
Smoking topography encompasses factors such as the
depth and speed of inhalation and the number of puffs taken (2,
4). Smokers who inhale deeply, puff frequently, and take long
puffs typically maximize their intake of smoke constituents (3).
Females are less likely to smoke an entire cigarette and have a
smaller depth of inhalation than males (8). African Americans
smoke more of their cigarettes, have shorter exhalation periods,
exhibit higher carbon monoxide boost, and have higher nicotine
intake/cigarette than Caucasians (9 –11).
Cigarette characteristics, such as the tar and nicotine
yield and additives (e.g., menthol versus nonmenthol), have
also been shown to impact smoking topography and therefore impact nicotine boost. For example, mentholated cigarettes are thought to anesthetize the airways and enable the
smoker to inhale deeper and longer, thus facilitating higher
levels of boost and exposure (11, 12). Similarly, smoking
topography changes have been found among smokers who
switch from a higher to a lower tar and nicotine yield
cigarette, whereby the smoker may compensate by working
harder to extract more tar and nicotine from the lower yield
cigarette (2). Females are more likely than males to smoke
lower nicotine cigarettes and are more likely to switch from
higher to lower nicotine cigarettes (13, 14), African Americans are more likely to smoke menthol cigarettes as
compared with Caucasians (5, 11, 15).
The basis of individual differences in nicotine boost has
not been well studied. Insofar as nicotine boost is an approximate measure of nicotine intake/cigarette, the amount of nicotine extracted from each cigarette could be postulated to relate
to the reinforcement sought by the smoker (16). For example,
smokers seeking the pharmacological effects of nicotine to
modulate affective states may attempt to achieve a higher
nicotine boost than a smoker who is seeking to maintain steadystate nicotine levels to avoid withdrawal symptoms. This hypothesis is supported, in part, by evidence for effects of expectations of positive and negative reinforcement from smoking on
subsequent smoking behavior (17).
In this study, we examined the demographic, smoking history, and psychological predictors of boost in smokers seeking
treatment. Nicotine boost was assessed in a more naturalistic
setting where participants smoked their own cigarettes. We hypothesized that (a) negative affect would be associated with higher
levels of nicotine boost (presumably to attenuate negative mood
symptoms) and (b) African Americans and males would have
higher nicotine boost levels than Caucasians and women.
Materials and Methods
Subjects
Participants were 95 male and 95 female treatment-seeking
smokers ages 18 –75 years who reported smoking at least 10
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cpd.3 They were recruited from April 2000 to April 2001
through newspaper advertisements in the Washington, D.C.
area. Exclusion criteria were as follows: planning a pregnancy;
pregnant; lactating; current drug addiction treatment; skin allergies or chronic dermatitis; or a major psychiatric disorder.
All participants provided written informed consent.
Of the 190 participants, 63% were Caucasian, 25% were
African American, and 12% were Hispanic, Asian, or other
mixed ethnic ancestry. Participants ranged in age from 20 –78
years (median age, 45.8 years; SD, 11.01 years), and the majority (91.1%) had at least some college education. With the
possible exception of race, these sample characteristics are
consistent with those reported in other smoking cessation trials
(e.g., Refs. 18 and 19).
Design and Procedures
Data for these analyses were collected as part of the baseline
assessment in an ongoing clinical trial of nicotine replacement
therapy. To standardize levels of smoking deprivation, all participants were instructed to smoke a cigarette immediately
before entering the research center. All participants had levels
of 7 ppm or greater for exhaled carbon monoxide. To assess
nicotine boost, participants provided a blood sample immediately before and after (within 3 min) smoking one of their
own-brand cigarettes. To enhance the naturalistic smoking environment, participants smoked the cigarette in a comfortable
ventilated living room area in a building separate from the
hospital setting. Time lapsed between the previsit cigarette and
the boost cigarette was approximately 40 min (with an approximate range of 35–50 min). Pre- and postcigarette plasma
nicotine and cotinine levels were determined by gas chromatography-mass spectrometry.
Measures
Demographic Factors. Age, gender, education, race, and
body mass index (based on measured weight and height) were
assessed.
Cigarette-related Factors. Cigarette type (regular versus
light; menthol versus nonmenthol) was recorded based on labeling on the participant’s cigarette pack. Nicotine yield of their
cigarette brand was determined based on FTC brand levels.
Participants completed the six-item Fagerstrom Test for Nicotine Dependence including questions about daily smoking rate
(20). Baseline cotinine and nicotine levels and the nicotine:
cotinine ratio were determined from the blood samples that
were drawn before smoking the boost cigarette.
Mood Factors. The Positive and Negative Affect Schedule
was used to assess overall levels of positive affect and negative
affect experienced in the past 7 days (21). The CES-D scale was
used to assess depressive symptomatology (22).
Nicotine Boost was determined by subtracting the precigarette plasma nicotine levels from postcigarette nicotine levels.
Results
Descriptive Data. Sixty percent of participants smoked 11–20
cpd, 22% smoked 21–30 cpd, and 11% smoked over 30 cpd
(7% reported smoking 1–10 cpd, suggesting that some participants reduced their smoking rate after the eligibility screen-

3
The abbreviations used are: cpd, cigarettes/day; FTC, Federal Trade Commission; CES-D, Center for Epidemiological Studies Depression.

ing). Twenty-nine percent of participants smoked menthol cigarettes, and 66% smoked light cigarettes. The mean Fagerstrom
Test for Nicotine Dependence score was 5.5 ⫹ 2.2, the mean
baseline plasma cotinine level was 289 ⫹ 131 ng/ml, and the
mean baseline nicotine level was 19.3 ⫹ 10.2 ng/ml. Forty-two
percent smoked within 5 min of waking, 35% smoked between
6 and 30 min after waking; 14% smoked within 31– 60 min
after waking, and 9% waited at least an hour after waking. With
regard to the mood variables, mean positive affect score was
30.2 ⫹ 7.4, mean negative affect score was 19.1 ⫹ 7.3, and
mean CES-D was 12.8 ⫹ 9.2. The mean nicotine boost was
10.9 ⫹ 5.1 ng/ml. Affect and CES-D scores were comparable
with published norms (21, 23).
Predictors of Nicotine Boost. ANOVA, t tests, and Pearson
correlations were used to examine the associations of predictor
variables with nicotine boost (Table 1). Factors associated with
baseline nicotine and cotinine are also presented in the table for
comparison. Race was a significant predictor of boost for the
comparison of African-American with Caucasian participants
[t ⫽ ⫺2.28; P ⫽ 0.02 (because of the small number of members
in other racial groups, they were not considered in this analysis)]. Age (r ⫽ ⫺0.14; P ⫽ 0.06) was marginally associated
with nicotine boost, but gender (t ⫽ 0.68; P ⫽ 0.50), education
(t ⫽ 1.4; P ⫽ 0.18), and body mass index (r ⫽0 .13; P ⫽ 0.10)
were not. Among the smoking-related variables, cotinine level
(r ⫽ 0.12; P ⫽ 0.09) and smoking rate (F ⫽ 2.26; P ⫽ 0.08)
were marginally associated with boost, whereas nicotine/cotinine ratio (r ⫽ 0.11; P ⫽ 0.13), menthol/nonmenthol brand (t ⫽
0.49; P ⫽ 0.63), cigarette type [i.e., light (t ⫽ 1.6; P ⫽ 0.11)],
and nicotine dependence (r ⫽ ⫺0.07, P ⫽ 0.31) were not.
Negative affect (r ⫽ ⫺0.03; P ⫽ 0.69) and depression symptoms (r ⫽ ⫺0.06; P ⫽ 0.38) were not related to nicotine boost.
However, a significant positive relationship between levels
of positive affect and nicotine boost was found (r ⫽ 0.15;
P ⫽ 0.04).
Predictor variables were tested in a linear regression
model, controlling for potential confounder variables [baseline
cotinine, smoking rate, and cigarette brand (FTC) nicotine
level]. Higher nicotine boost was significantly associated with
higher levels of baseline positive affect (␤ ⫽ 0.11; P ⫽ 0.03).
No other variables were significant in the model (R2 model ⫽
0.05; P ⫽ 0.03).
To examine the degree of difference in boost as a function
of positive affect, we conducted an ANOVA comparing boost
levels in smokers by tertile of baseline positive affect. The
groups were significantly different (F ⫽ 3.52; P ⫽ 0.03), with
boost levels of 9.3 ⫹ 5.2 in the lowest tertile of positive affect
and levels of 11.3 ⫹ 4.6 in the highest tertile of positive affect.
Discussion
The current study is the first to examine demographic, smoking
behavior and dependence, and psychological variables as predictors of nicotine boost assessed in a nonlaboratory setting.
The novel and unexpected finding of our study was that nicotine boost was significantly higher among smokers who reported more positive affect during the 7 days before the boost
assessment. Although previous studies have documented increases in positive subjective effects after nicotine administration (e.g., Ref. 24), our results are the first to suggest that levels
of positive affect may lead smokers to take in more nicotine
from their cigarettes.
Russell and Feyerabend (16) proposed that smokers may
differ in whether they seek intermittent high blood levels of
nicotine (peak seekers) or whether they seek to maintain steady
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Table 1

Univariate predictors of nicotine boost
A. Mean and SD

Predictor
Race
Gender
Education
Smoking rate

Menthol cigarettes
Cigarette type

Boost

Baseline cotinine

Baseline nicotine

Median (SD)

Median (SD)

Median (SD)

Level
a

Caucasian
African American
Male
Female
⬍ College
ⱖ College
1–10 cpd
11–20 cpd
21–30 cpd
⬎30 cpd
Yes
No
Light
Regular

b

271.3 (116.6)
343.1 (157.7)
315.1 (151.0)b
263.0 (101.0)
304.8 (131.1)
275.7 (129.6)
257.1 (99.3)
278.2 (121.2)
307.4 (163.8)
328.8 (118.3)
316.5 (147.5)c
276.5 (119.2)
266.7 (120.4)a
315.8 (135.0)

10.2 (5.2)
12.3 (5.3)
11.1 (5.5)
10.6 (4.8)
11.4 (5.1)
10.4 (5.1)
11.6 (4.4)c
11.5 (5.4)
9.8 (4.7)
9.1 (4.3)
11.2 (5.5)
10.8 (5.0)
10.5 (4.9)
11.7 (5.4)

18.9 (10.5)
21.3 (9.9)
20.58 (11.1)c
18.0 (8.9)
20.0 (9.4)
18.7 (10.7)
16.6 (5.0)
19.0 (10.9)
19.1 (9.9)
22.7 (8.3)
20.9 (10.3)
19.3 (10)
17.8 (8.8)b
22.2 (11.0)

B. R and predictors

Age
Nicotine dependence
Body mass index
Nicotine/cotinine
Baseline cotinine level
Baseline nicotine level
FTC nicotine delivery
Depression symptoms
Negative affect
Positive affect

Boost

Baseline cotinine

Baseline nicotine

r

r

r

⫺0.14
⫺0.07
0.13
0.11
0.12c
0.14a
0.12
⫺0.06
⫺0.03
0.15a
c

a

0.15
0.29b
⫺0.13
⫺0.24b
0.61b
0.10
0.04
⫺0.01
⫺0.07

0.02
0.22b
0.15c
0.47b
0.61b
0.24b
⫺0.07
⫺0.10
⫺0.02

P ⬍ 0.05.
P ⬍ 0.01.
c
P ⬍ 0.10.
a
b

levels of nicotine throughout the day (trough maintainers).
Nicotine boost is one way to examine the tendency to be a peak
seeker. Peek seekers may be seeking more positive reinforcement from smoking, such as modulation of arousal. Trough
maintainers are suspected to smoke more for negative reinforcement, that is, to avoid withdrawal symptoms. Positive
affect states are often associated with higher levels of stimulation, and conceivably, smokers with positive affect take in more
nicotine to enhance (or reduce) arousal level (25). Whereas the
direction of causality cannot be determined definitively from
the present study, the fact that positive affect (over the last
week) predicted boost when cotinine levels were controlled
suggests that positive affect may be an antecedent of nicotine
boost.
Although there were differences in boost between African
Americans and Caucasians in the univariate analysis, the final
model did not provide evidence for significant racial or gender
differences. This is in contrast to previous research (8 –11).
However, it should be noted that the absence of racial differences in boost and a lack of association with cigarette characteristics (e.g., menthol) may be attributable to the relatively
small number of African Americans in the sample.
There are some additional limitations of our study. First,
our sample comprised treatment seekers, and as such, these
results may not be generalizable to a non-treatment-seeking
population. Second, the “boost” cigarette smoked by participants was not standardized in terms of tar and nicotine level. In

addition, although we did attempt to standardize nicotine deprivation to about 40 min (to reflect the average intercigarette
interval), different results may have been achieved with a
longer deprivation period. Finally, we only studied nicotine
boost after smoking one cigarette in the middle of the day, and
we did not collect data on the number of cigarettes smoked that
day. Smokers may smoke differently at different times of day,
depending on daily nicotine intake. However, to some extent,
this should have been addressed by controlling for baseline
cotinine levels.
Despite these limitations, the present study provides potentially important new information about the relationship between positive affect and nicotine boost. Given the significant
variability in boost and the fact that positive affect accounts for
only 5% of this variance, additional work in this area is warranted. One possible extension of this study would be to examine the role of individual differences in nicotine boost as
measured by arterial blood levels. In addition, because nicotine
boost is a measure of self-administration, and self-administration predicts relapse (26), future studies should explore whether
smokers with higher levels of nicotine boost are more prone to
relapse. It is possible that smokers who work to achieve higher
levels of boost may be more responsive to nicotine replacement
therapies that deliver nicotine more rapidly compared with
therapies like transdermal nicotine, which deliver nicotine
slowly. If this hypothesis is confirmed, nicotine boost could be
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a useful tool for tailoring nicotine replacement therapy to individual smokers’ needs.
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