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phrenia show higher levels of nicotine and its metabolites 
(Strand & Nyback, 2005; Williams et al., 2005) and altered ciga-
rette puffing (Tidey, Rohsenow, Kaplan, & Swift, 2005) despite 
normal rates of nicotine metabolism (Williams et al.).

The increase in levels of blood nicotine from smoking a 
single cigarette is referred to as “nicotine boost,” and there are 
theories about different smoking patterns and what they repre-
sent. So called, “peak seekers” who achieve a high nicotine boost 
may be seeking more positive reinforcement or arousal, whereas 
trough maintainers are suspected to smoke for reasons of nega-
tive reinforcement to avoid withdrawal (Russell & Feyerabend, 
1978). Greater nicotine boost may be linked to increased addic-
tive potential and increased risk for relapse after a quit attempt 
(Patterson et al., 2003). We hypothesized that smokers with 
schizophrenia would be more likely to be peak seekers with higher 
levels of nicotine boost from a single cigarette. The objective of this 
study was to measure venous nicotine blood levels after smok-
ing a single cigarette in a laboratory-based design in smokers 
with schizophrenia and those without a current mental illness.

Methods
Subjects
Subjects were 21 smokers (11 schizophrenia, SCZ and 10 controls, 
CON) who also participated in a larger ongoing study of nico-
tine levels and smoking topography. Smokers were recruited 
sequentially if they smoked 20–30 cigarettes/day of a regular (no 
light or ultra-light) brand of cigarettes. All participants gave 
signed informed consent. The Institutional Review Board of 
Robert Wood Johnson Medical School approved the protocol.

All subjects with schizophrenia were enrolled in mental 
health treatment, stable on antipsychotic medications, and had 
their diagnosis confirmed with the Structured Clinical Interview 
for DSM-IV (Spitzer & Williams, 1985). Individuals with schizo-
affective disorder or serious cognitive impairment were excluded. 

Abstract
Introduction: The increase in blood nicotine after smoking a 
single cigarette is nicotine boost. We hypothesized that smokers 
with schizophrenia (SCZ) have a greater nicotine boost than 
controls without this disorder.

Methods: Twenty-one subjects (11 SCZ and 10 controls, CON) 
had repeated venous blood sampling before, during, and after 
smoking a single cigarette after 12-hr abstinence to measure  
nicotine concentrations. Blood samples were drawn at baseline 
(before smoking) and 1, 2, 4, 6, 8, 10, 20, 30, 60, 90, and 120 min  
after the first puff. Groups were similar in baseline characteristics, 
including gender and level of dependence, and all smoked 20–30 
cigarettes/day. Area under the serum nicotine concentration-
time curve (AUC

20
) was calculated for time up to 20 min after 

the start of smoking.

Results: The mean difference in AUC
20

 was significantly greater 
for SCZ versus CON (135.4 ng-min/ml; 95% CI = 0.45–283.80). 
The shape of the nicotine concentration-time curve for SCZ  
was significantly different compared with controls (p < .01). 
Nicotine boost in the first 4 min of smoking was higher in SCZ 
versus CON (25.2 vs. 11.1 ng/ml, p < .01) with no difference in 
the total time spent smoking.

Discussion: This technique improves on methods, which draw 
only two blood specimens to assess nicotine intake. Under-
standing how nicotine boost differs in SCZ from CON may  
explain high levels of addiction and low success in cessation in 
smokers with SCZ.

Introduction
International studies have confirmed the higher prevalence of 
smoking in schizophrenia compared with the general popula-
tion (de Leon & Diaz, 2005). Studies of smokers with schizo-
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Controls smokers had to be without any mental illness within 
the last year and could not be taking an antidepressant, mood 
stabilizer, or anxiolytic for any reason.

Subjects using tobacco products other than cigarettes, preg-
nant smokers, or anyone with problematic substance use were 
excluded. Use of any tobacco treatment medications was also an 
exclusion. Participants were paid $15 for baseline assessments 
and $85 for the completion of all blood draws on Day 2. Three 
consented smokers were later excluded (one CON and one SCZ 
did not wish to participate and one SCZ for failing to meet criteria 
for overnight abstinence) leaving 21 subjects for analysis.

Study procedures
Subjects completed an assessment battery including a smoking his-
tory, demographic and medication questionnaire, the Fagerström 
Test for Nicotine Dependence (Heatherton, Kozlowski, Frecker, & 
Fagerstrom, 1991), and assessments of symptom severity (Posi-
tive and Negative Syndrome Scale; Kay, Opler, & Lindenmayer, 
1989; SCZ only). Subjects had a baseline expired carbon mon-
oxide (CO) reading using an EC-50 Smokerlyzer (Bedfont Sci-
entific, Williamsburg, VA). Subjects were instructed to abstain 
completely from cigarettes after 8 p.m. that night, and the re-
mainder of data collection took place at the Environmental and 
Occupational Health Sciences Institute Controlled Environment 
Facility, an indoor environment for smoking. Upon arrival on 
Day 2, subjects were required to provide an expired CO reading 
of less than 15 parts per million to verify overnight abstinence, 
which has been used by other investigators (Loughead et al., 2009; 
McBride, Barrett, Kelly, Aw, & Dagher, 2006; Shiffman et al., 
2003), and was selected since the study included heavier smokers. 
Any participant who did not meet abstinence criteria was sent 
home and given one opportunity to reschedule Day 2 testing.

An indwelling venous catheter was placed and a baseline 
blood sample obtained prior to smoking. Subjects completed 
questionnaires assessing their urges to smoke (Questionnaire 
on Smoking Urges [QSU] Brief Form; Cox, Tiffany, & Christen, 
2001), mood states (Positive and Negative Affect Schedule  
[PANAS]; Watson, Clark, & Tellegen, 1988), and nicotine with-
drawal symptoms (Wisconsin Smoking Withdrawal Scale 
[WSWS]; Welsch et al. 1999). Subjects were then instructed to 
smoke one of their own cigarettes ad libitum. Time spent smok-
ing was measured from first to last puff. Subjects underwent 
repeated venous blood measures from the indwelling catheter at 
1, 2, 4, 6, 8, 10, 20, 30, 60, 90, and 120 min after the first puff and 
had an expired CO reading at 60 min after smoking. Serum was 
frozen at −20 °C and then sent to the Clinical Pharmacology 
Laboratory at the University of California, San Francisco, for 
analysis of nicotine, cotinine (COT), and 3-hydroxycotinine 
(3HC), which were quantified by liquid chromatography–mass 
spectrometry (Dempsey et al., 2004).

Statistical analysis
Two-sample t tests and chi-square tests were used to compare 
the differences in sociodemographic variables and symptom 
scores between groups. A ratio of 3HC to COT (3HC/COT) was 
calculated. The time to peak, serum nicotine, and CO values 
were compared between groups using the nonparametric  
Wilcoxon test. The area under the serum nicotine concentration-
time curve (AUC) was calculated using the trapezoidal rule 
for time up to 20 min (AUC

20
) and 120 min (AUC

120
). Twenty  

minutes was selected since nicotine blood levels decline rapidly in 
20 min after smoking due to tissue distribution (Benowitz et al., 
1990). Last value carried forward was applied in the calculation 
of AUC for any missing data. Between-group differences were 
calculated and the bootstrap method (Efron & Tibshirani, 1993) 
with 1,000 resamplings of data used to derive 95% CIs.

Continuous nicotine concentration-time curves for SCZ 
and CON smokers were modeled by the polynomial random 
effects regression analysis. Polynomials of time were used to 
model the shape of the curves, and a random intercept was ap-
plied to account for the intrasubject correlation in repeated 
measures. Shapes of the curves were compared between SCZ 
and CON by testing the difference in the polynomial coefficients 
using the Wald’s chi-square tests. Estimated nicotine peaks and 
time to peak were then derived from the polynomial curves 
based on the quasi–Newton method (Fletcher, 1987) and the 
bootstrap method for the 95% CIs. All statistical analysis was 
performed using SPSS v.16.0 and R package.

Results
Baseline comparisons between smokers 
with schizophrenia versus controls
No differences were detected between groups on smoking or  
demographic characteristics except baseline CO, which was not 
controlled for time of day or time since last cigarette (Table 1). 
CO values at 8:30 a.m. on Day 2 were consistent with 12-hr ab-
stinence, and all subjects had at least a 50% reduction in CO 
level from baseline. Nicotine levels at 8:30 a.m. on Day 2 were 
not different between groups and consistent with abstinence. 
3HC/COT ratios were not different between groups. All SCZ 
subjects were taking antipsychotic medications; 91% were taking 
an atypical antipsychotic.

Withdrawal, craving, and affective states 
after overnight abstinence
No differences were detected between groups on mean values 
for WSWS subscales or composite score. There was a trend for 
higher subscale score on impaired concentration for SCZ versus 
CON (1.94 vs. 1.30, p = .09). Items from the QSU were col-
lapsed into two factors: “intention to smoke” (Factor 1) and 
“anticipation of relief from withdrawal” (Factor 2). There was a 
trend for higher subscale score on Factor 2 for SCZ versus CON 
(58.18 vs. 33.67, p = .06) but no differences for QSU general 
factor or Factor 1 scores. No significant differences were detected 
between groups on mean values for PANAS positive or negative 
subscales although the negative subscale scores for SCZ were 
twice as high (7.30 vs. 3.00).

Nicotine peak concentrations, area 
under nicotine concentration-time 
curve, and time to peak concentration
The length of time spent smoking the laboratory cigarette was not 
significantly different between groups. The serum nicotine peak 
was higher in SCZ versus CON but not statistically significant 
(33.1 vs. 25.9 ng/ml). Time to reach the peak was also shorter in 
SCZ (4.8 vs. 6.4 min). Expired CO values were measured at 60 
min after smoking, so a true CO boost could not be determined.
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We first calculated the nicotine boost as the mean of the 
differences between the observed nicotine value taken at 4 min 
and the baseline (pre-cig) nicotine level. Four minutes was cho-
sen since this was the mean time to reach the peak in SCZ. Four-
minute nicotine boost was higher in SCZ versus CON (25.2 vs. 
11.1 ng/ml, t = 2.92, df = 19, p < .01). We also calculated the 
maximum nicotine boost as the mean of the differences be-
tween the highest observed nicotine for each subject and the 
baseline (pre-cig) nicotine level. Maximum nicotine boost was 
higher in SCZ versus CON but not statistically significant (28.8 
vs. 21.0 ng/ml).

Smokers with SCZ had higher mean values for AUC
20

 com-
pared with CON (412.7 vs. 277.3 ng-min/ml). The mean differ-
ence in AUC

20
 was significantly greater for SCZ versus CON 

(135.4 ng-min/ml, 95% CI = 0.5–283.8). There was a trend  
for higher mean values for AUC

120
 in SCZ (1291.8 ng-min/ml, 

95% CI = 882.0–1923.9) versus CON (883.3 ng-min/ml, 95% 

CI = 767.6–1012.8). The mean difference in AUC
120

 for SCZ 
versus CON was not significant (408.4 ng-min/ml, 95%  
CI = −25.5 to 1031.5).

We next modeled the serum nicotine concentration curve as 
a function of time for SCZ and CON separately using the poly-
nomial random effects models. The shape of these two curves 
was statistically different by comparing the polynomial coeffi-
cients using the Wald test (chi-square = 19.84, df = 6, p < .01); 
this implied that the slope of the nicotine intake curve for SCZ 
was significantly different compared with controls (Figure 1).  
Estimated nicotine peak concentrations and time to peak based 
on the fitted curves were higher in SCZ (28.1 ng/ml, 95% CI = 
21.1–36.5) versus CON (17.9 ng/ml, 95% CI = 13.5–23.3). Nicotine 
peaks estimated from the polynomial curves were 10.1 ng/ml 
higher (95% CI = 1.07–19.68) for SCZ than CON. Time to peak 
was 0.46 min sooner in SCZ versus CON but not statistically 
significant (95% CI = −2.84 to 2.00). Results were unchanged 

Table 1. Baseline characteristics and laboratory measures of smokers with schizophrenia 
compared with control smokers (N = 21)

Schizophrenia group (n = 11) Control group (n = 10)

p valueaM (SD) M (SD)

Cigarettes per day 21.8 (4.0) 21.5 (3.4) .848
Baseline CO (ppm) 25.7 (10.4) 18.1 (5.9) .050
FTND 6.6 (1.3) 5.4 (2.3) .137
Age of first smoking (years) 13.45 (2.7) 15.80 (3.3) .089
Age (years) 40.2 (12.5) 45.8 (11.1) .293
PANSS positive 16.63 (5.18) — —
PANSS negative 16.18 (4.62) — —
Race/ethnicity Count (%) Count(%) .183
  Black 6 (54.5) 2 (20.0)
  Caucasian 5 (45.5) 8 (80.0)
Male gender 8 (72.7) 7 (70.0) 1.000
Education Count (%) Count(%) .158
  No high school 4 (36.4) 0 (0.0)
  High school 4 (36.4) 5 (50.0)
  Some college 3 (27.3) 4 (40.0)
  Bachelors degree or higher 0 (0.0) 1 (10.0)

M (SD) M (SD) p value

Time spent smoking cigarette 5 min, 16 s (2 min, 29 s) 5 min, 12 s (1 min, 8 s) .934
Pre-cig expired CO (ppm) 8.4 (3.0) 6.0 (1.8) .042
Pre-cig serum nicotine (ng/ml) 4.4 (5.4) 4.9 (6.0) .819
Time to reach nicotine peak (min) 4.8 (2.2) 6.4 (3.0) .179
Measured nicotine peak (ng/ml) 33.1 (16.0) 25.9 (16.7) .324
Post-cig (60 min) expired CO (ppm) 10.3 (2.2) 8.7 (2.0) .108
Four-minute nicotine boost (ng/ml) 25.2 (13.5) 11.1 (7.5) .009
Maximum nicotine boost (ng/ml) 28.8 (13.2) 21.0 (13.9) .181
3HC/COT ratios 0.486 (0.148) 0.579 (0.212) .289

Mean (95% CI) Mean (95% CI) Difference (95% CI)

AUC
20

 (ng-min/ml) 412.7 (303.9–544.8) 277.3 (219.1–348.4) 135.4 (0.45–283.8)
AUC

120
 (ng-min/ml) 1291.8 (882.0–1923.9) 883.3 (767.6–1012.8) 408.4 (−25.5 to 1031.5)

Derived nicotine peak (ng/ml) 30.0 (22.3–39.1) 18.9 (13.8–25.2) 11.1(1.37–22.1)

Note. 3HC = 3-hydroxycotinine; AUC = area under the curve; CO = carbon monoxide; COT = cotinine; FTND = Fagerström Test for Nicotine 
Dependence; PANSS = Positive and Negative Syndrome Scale; ppm = parts per million.

aIndependent sample t test or chi-square test.
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when we repeated analyses adjusting for PANAS negative and 
QSU Factor 2 scores.

Discussion
This is the first study of nicotine intake in schizophrenia that 
has repeated blood measures from cigarette smoking after an 
overnight period of abstinence. This design allows for precise 
measurement of nicotine peak concentration and the boost that 
comes from smoking a single cigarette. In addition, we are able to 
characterize nicotine levels for 2 hr after smoking in order to esti-
mate the total nicotine dose obtained by each smoker. Assuming 
that clearance of nicotine is similar across subjects, the systemic in-
take of nicotine is proportional to the serum nicotine AUC. Clear-
ance is in fact quite variable from person to person, but average 
clearance values for groups are expected to be similar. In particular, 
we have found no difference in nicotine clearance based on a 
biomarker of rate of nicotine metabolism in SCZ versus CON in 
our prior studies (Williams et al., 2005) and in this sample.

Based on the AUC data, SCZ tended toward a higher dose of 
nicotine per cigarette than CON. The modeled peak serum nic-
otine concentration and the observed 4-min nicotine boost 
were also higher in SCZ. The slope of the nicotine intake curve 
for SCZ, modeled by cubic polynomial functions, was signifi-
cantly different compared with controls. The modeled curve has 
advantages compared with the measured values when deter-
mining nicotine intake and peak. Even with frequent nicotine 
sampling as described in our sample, it is possible that we missed 
the actual peak level of subjects, whereas estimates derived from 
the curve are continuous and likely a more accurate reflection of 
nicotine peak concentration and peak time. Sample size may 
have limited our ability to detect significant differences in other 
variables, including time to peak and AUC

120
. A potential limi-

tation of this study is that all subjects with SCZ were taking 
antipsychotic medications. Overall, our data suggest that SCZ 
smoke cigarettes differently than CON, resulting in higher peak 
nicotine levels, faster rate of rise of nicotine levels, and higher 
systemic doses of nicotine from the first cigarette of the day, 
which may have implications for higher levels of dependence 
and success in quitting smoking.
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