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We assessed the ability of a combined contingent reinforcement and intensive monitoring procedure
to promote and sustain temporary smoking cessation among 34 hired research volunteers, and the
ability of a smoking reduction test to predict the subsequent initiation of abstinence. During the
5-day cutdown test, subjects were paid from $0 to $6 per day depending on the extent of reduction
from baseline CO levels. During the abstinence test, breath samples were obtained three times
daily and subjects were paid $4 for each CO reading ' 11 ppm. Sixty-eight percent of subjects
initiated abstinence. Of the breath samples collected during the abstinence test (91% of scheduled
samples), 96.5% were ' 11 ppm and 80.5% were '8 ppm. Subjects who earned more money
during the cutdown test were more likely to abstain (r = -0.51, p < .00 1). Contingent reinforce-
ment and intensive monitoring procedures appear to have usefulness for analog studies of smoking
reduction and cessation.
DESCRIPTORS: smoking, contingencies, money, worksite monitoring, carbon monoxide breath

level

Breath carbon monoxide (CO) measurements
have been used in previous studies to provide feed-
back about smoking (Bauman, Bryan, Dent, &
Koch, 1983; Martin & Frederiksen, 1980) and as
a target in contingent payment procedures de-
signed to promote daytime smoking reduction
(Stitzer & Bigelow, 1983, 1984, 1985). In previ-
ous studies, contingent monetary payment based
on breath CO level has resulted in smoking be-
havior change beyond that produced by instruc-
tions and CO feedback. The extent of smoking
reduction has been related to the value of monetary
reinforcement offered (Stitzer & Bigelow, 1983,
1984) and to the CO reduction target that is rein-
forced (Stitzer & Bigelow, 1985). Here we extend
this previous research in two ways. First, we eval-
uate the feasibility of using contingent payment
and CO monitoring to promote temporary smok-
ing cessation among research volunteers not nec-
essarily committed to modifying their smoking.
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The intensive monitoring procedures described are
designed to overcome limitations associated with
the use of CO level as an objective measure of
smoking that are due to its short (1-4 hr) half-life
in the body. Second, we examine the relationship
between cutdown and abstinence test performance
among smoking research volunteers to determine
whether behavior on a precessation cutdown test
is useful for predicting the initiation of subsequent
cessation attempts.

METHOD

Subjects

Two groups of subjects were recruited from dif-
ferent large metropolitan hospitals by advertise-
ment and word of mouth. One group (Baltimore
City Hospitals) had 18 subjects; the other (Mercy
Hospital) had 16 subjects. All were female hospital
employees, primarily derical (68%) and nursing
(26%), who reported regular cigarette smoking and
who had a prestudy CO level >17 ppm. Ages
ranged from 21-5 1 years (M = 32.7 years) for
the combined group. Subjects had been smokers
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for an average of 17.2 years and smoked an av-
erage of 19.6 cigarettes per day (SD = 6; range,
9-32) during a baseline assessment period. There
were no significant differences (t test for indepen-
dent samples) between the two hospital groups on
prestudy characteristics.

Procedures
Prior to the study, subjects were told that they

would participate for 4 weeks, that free cigarettes
would be provided, that the minimum compen-
sation for participation would be $40 but that
with "fiull participation" total earnings could be
as high as $200, and that they might be requested
(but would not be required) to change their smok-
ing behavior during the study. In addition, subjects
were informed that the study might require visits
to their worksites and homes to collect breath sam-
ples.
On the first study day, subjects completed a 25-

item Smoking Behavior and Attitudes question-
naire, which induded a report of their current quit
plans (Do you plan to quit smoking at the present
time?). Throughout the study, subjects reported on
weekdays to a convenient hospital site between 3:00
and 5:00 p.m. Cigarettes were distributed when
appropriate, and a breath sample was collected by
having subjects inhale, hold their breath for 20 s,
exhale partially, then expire the remaining lung air
into a 1-liter polyvinyl bag. All breath samples
were analyzed at the study site for carbon mon-
oxide level using a MiniCO (Catalyst Research
Corp., Baltimore, MD, Model 1000).

Baseline data were collected during the first study
week. In the second week, a cutdown test was
implemented in which subjects could earn money
on a sliding scale for reducing their afternoon CO
readings from baseline levels. Payment for each
subject was based on percentage reduction from
her own average baseline CO value. Payments
ranged from $1 for a 30% reduction to $6 for
reductions of 80% or more. Subjects were paid
immediately after sample analysis at the daily
afternoon worksite study contact. The extent of
smoking reduction during this cutdown test was

entirely voluntary. On the final day of the cutdown
test, subjects were informed that during the last 2
study weeks they could earn $12 per day if they
quit smoking and their CO readings were consis-
tent with abstinence. Participation in the absti-
nence test was voluntary. Those who wished to
participate were told to begin abstaining on Mon-
day morning of study week 3 and to continue as
long as they could. Those who did not wish to
participate returned to baseline data collection pro-
cedures.

Subjects electing to join the abstinence test pro-
vided breath samples to research assistants three
times each workday: in the morning at their work-
site (9:00-11:00 a.m.), at the regular afternoon
study visits (3:00-5:00 p.m.), and in the evening
at their homes (8:00-10:00 p.m.). Morning and
evening samples were analyzed in the smoking lab-
oratory so that immediate feedback was not avail-
able to subjects. On the one weekend during the
abstinence test, subjects came to the study site each
day to provide a single afternoon sample. Ciga-
rettes were not distributed to abstaining subjects
during the test. Payment was made once daily and
was based on the previous three CO readings. On
weekdays, a $4 payment was available for each
CO reading of < 11 ppm. On weekends, subjects
received a $10 bonus for attendance plus a $4
payment for each qualifying sample. Although an
abstinence criterion of _ 11 ppm is less stringent
than the 6-8 ppm that has been characteristic of
nonsmokers' CO levels in other studies (Petitti,
Friedman, & Kahn, 1981; Vogt, Selvin, Widdow-
son, & Hulley, 1977), the higher level was chosen
to indude a margin of error that gave subjects the
benefit of the doubt on questionable readings. The
$12 per day payment was based on data from
previous studies in which daily payments of $10-
$12 had resulted in maximal changes in daytime
smoking by research volunteers (Stitzer & Bigelow,
1983, 1984). A 3-week follow-up was conducted
with abstinence test subjects. These subjects were
visited weekly at their worksites on an unan-
nounced basis; their smoking status was assessed
by self-report and a breath sample collected for
CO analysis.
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RESULTS

Descriptive Analysis

Subjects were divided into two groups based on
their afternoon CO readings on Day 1 of the ab-
stinence test. Subjects whose readings were ' 11
ppm were dassified as abstainers and those with
higher readings were dassified as nonabstainers.
Three subjects who dropped out of the study on
the first day of abstinence were dassified as non-
abstainers, hathough objective data were absent.

Twenty-three of the 34 subjects (68%) attempt-
ed abstinence during the 2-week paid abstinence
test. Percent abstaining at the two hospital sites
was 67% and 69%. Three subjects (9%) dropped
out of the study on Day 1 of the abstinence test;
the remaining eight subjects (23%) smoked at their
normal level and made no attempt to alter their
smoking behavior. Figure 1 shows mean afternoon
CO readings during successive study phases for the
abstainers and nonabstainers. During the 1-week
baseline, these subgroups had similar afternoon CO
levels of about 30-35 ppm. During the subse-
quent contingent payment cutdown week, average
afternoon CO decreased for both groups, dropping
to 15 ppm for abstainers and to 24 ppm for non-
abstainers. During the 2-week abstinence test, av-
erage afternoon CO readings for abstainers were
5-7 ppm, whereas those for nonabstainers (ex-
duding study dropouts) were about 25 ppm. These
differences persisted for the entire 12-day test; only
one abstinent subject relapsed (on Day 8) and
dropped out of the study on Day 10.
A total of 652 samples was collected from 23

abstainers during the 2-week abstinence test, rep-
resenting 91.4% of all scheduled samples. Among
the collected samples, 96.5% were ' 11 ppm, and
80.5% were '8 ppm. Only 3.5% of delivered
samples failed to qualify for contingent payment.
Four subjects (induding the early relapser) ac-
counted for 57% of the readings above 11 ppm;
the others were single readings from 10 individual
subjects. Thus, 83% of abstaining subjects (n =
19) delivered one or fewer samples that failed to
qualify for payment during the abstinence test.
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Figure 1. Mean afternoon carbon monoxide readings
during successive study phases are shown separately for ab-
stainers (n = 23) and nonabstainers (n = 11 during baseline
and cutdown weeks, n = 8 during the abstinence test). Data
for baseline and cutdown weeks were obtained during five
weekday afternoon worksite contacts; data for the abstinence
test were obtained during 10 weekday and two weekend
(days 6 and 7) afternoon contacts. Brackets are ± 1 SE.

Individual subject performance was further ex-
amined using a stringent definition of abstinence
in which all missing samples as well as samples
reading >8 ppm were taken to represent nonab-
stinence. Individual subjects were dassified as ab-
stinent on 35.5% (for the relapsing subject) to
96.8% of sample delivery occasions (M = 73.6%
of occasions). Among the 23 abstinence test par-
ticipants, 70% were dassified as abstinent on more
and 30% on fewer than 67% of sample delivery
occasions; 39% of subjects were dassified as absti-
nent on 80% or more of occasions.

Follow-up
A 3-week follow-up assessment of the 22 ab-

stainers (exduding the subject who relapsed and
dropped out during the abstinence test) found a
variable pattern of relapse to smoking following
withdrawal of the contingent reinforcement inter-
vention. Four subjects (18% of abstainers, 12% of
the fill group) reported smoking no cigarettes dur-
ing the follow-up period and had abstinent CO
readings (mean CO = 6.4 ppm); eight subjects
(36% of abstainers, 24% of the fill group) re-
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Table 1
Average Dollars Per Day Earned During a Voluntary

Smoking Cutdown Test

Abstinence test participant

Plan to quit Yes No

Yes 2.95 1.20
(n= 20) (n= 4)

No 4.47 0.92
(n= 3) (n= 7)

ported smoking between 1 and 104 total cigarettes
during the 3-week follow-up but had daytime CO
readings in the abstinence range (mean CO = 6.3
ppm); a third group of 10 subjects reported smok-
ing between 81 and 370 total cigarettes during the
follow-up and had nonabstinent readings (mean
CO = 26.1 ppm). The two outcome measures,

mean follow-up CO and total cigarettes smoked,
were highly correlated (r = .77, p < .001).

Abstinence Predictors

Performance during the preliminary cutdown test

was found to be predictive of later smoking status.

The more successful subjects were during the cut-

down test (as measured by average daily payment),
the more likely they were to abstain during the
2-week abstinence test (r = .51, p < .001).
Nonabstainers earned an average of only $0.98
per day during the cutdown test, indicating a 30%
reduction in afternoon CO levels. In contrast, ab-
stainers earned an average of $3.03 per day, in-
dicating an average 50% reduction from baseline
in afternoon CO levels. It was also noted that 87%
of abstainers versus 36% of nonabstainers respond-
ed "yes" to the prestudy question "Do you plan
to quit smoking at this time?" (r = .52, p <
.001) despite the fact that no information had yet
been given to the subjects about the subsequent
abstinence test. Quit plans and cutdown test per-

formance were independent predictors of absti-
nence test initiation; together they accounted for
46% of the variance in abstinence test status. The
relationship among these three variables is shown
in Table 1.

DISCUSSION

Results showed that expired breath carbon
monoxide readings can be used simultaneously as
an objective measure of smoking abstinence and a
target for contingent reinforcement interventions
designed to promote and maintain abstinence. Be-
cause of carbon monoxide's short half-life, fre-
quent monitoring is required for continual assess-
ment of smoking status. We collected breath
samples three times each day. Frequent sample
collection was feasible in part because the study
was conducted at a worksite where subjects could
be readily contacted during the day. However, eve-
ning home visits may be important for monitoring
and maintaining smoking abstinence; others have
reported that craving is highest during the evening
hours (Schneider & Jarvik, 1984) and that relapse
is most likely to occur at these times (Marlatt &
Gordon, 1980).

Although carbon monoxide has important ad-
vantages as a measure of smoking behavior for use
in procedures that require immediate feedback of
results, the frequent sample collection needed to
obtain an accurate picture of smoking status is
admittedly a cumbersome and labor-intensive un-
dertaking. An optimal sample analysis system for
use in abstinence monitoring and contingent rein-
forcement programs might use the immediate
feedback provided by CO and add a sensitive ab-
stinence verification marker such as cotinine or
thiocyanate that assesses smoke exposure over a
more prolonged period. Cotinine, which has a half-
life of about 19 hr (Benowitz, Kuyt, Jacob, Jones,
& Osman, 1983), appears to be a more sensitive
and specific biological marker of tobacco smoke
exposure than. is thiocyanate (Bliss & O'Connell,
1984).
Once initiated, smoking abstinence generally

persisted throughout the 12-day payment period
(Figure 1), although considerable relapse to smok-
ing was observed afterward. The abstinence group
as a whole maintained an average CO level of 6.9
ppm (mean of all collected samples) during the
paid abstinence test, and 70% of subjects initiating
abstinence consistently (i.e., on more than two-
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thirds of occasions) delivered samples with read-
ings of '8 ppm. These observations demonstrate
the ability of payment and monitoring procedures
to promote sustained smoking abstinence. How-
ever, the occasional observation of readings >8
ppm suggests that some smoking may have oc-
curred during the abstinence test in spite of fre-
quent monitoring and payment. Smoking slips and
relapses during early phases of cessation represent
a ubiquitous and signifiant clinical phenomenon.

Additional studies will be needed to assess the
role of contingent reinforcement and intensive
monitoring procedures for promoting and sustain-
ing abstinence, as these treatment components were
not separately evaluated in this study. Subjects re-
ported that the frequent contacts were helpful rath-
er than intrusive. They expressed pleasure in their
low CO readings and reported that they were able
to avoid smoking knowing that in a few hours
they would be contacted again. This suggests that
the monitoring was important for maintaining ab-
stinence. However, previous studies have shown
that CO feedback alone has little consistent effect
on smoking behavior (Bauman et al., 1983; Mar-
tin & Frederiksen, 1980), and that contingent pay-
ment specifically influences the extent of smoking
behavior change over and above the effects of in-
struction and monitoring (Stitzer & Bigelow, 1983,
1984). Thus, it seems unlikely that many of our
smokers would have quit for 12 days without the
monetary incentive provided. However, it is also
likely that the incidence and stability of quitting
would depend on the parameters of the interven-
tion including the amount of money offered and
the frequency of monitoring.
We noted that self-report information about

current quit plans predicted subsequent behavior
with regard to participating or not participating in
a voluntary abstinence test procedure. However,
the extent of smoking reduction observed during
a paid cutdown test added significantly to predic-
tive power of the self-report measure, with the two
measures together accounting for 46% of the vari-
ance in abstinence initiation. The behavioral con-
sistency observed across the smoking reduction and
abstinence test procedures suggests that similar

variables were operating to determine smoking be-
havior change. It would be interesting to determine
whether the behavioral cutdown test could be used
to predict the initiation and/or duration of smok-
ing cessation in samples of smokers who express
interest in cessation programs.

In studies seeking to characterize the nature,
prevalence, and severity of the tobacco withdrawal
syndrome, investigators have paid smokers to give
up cigarettes temporarily during inpatient research
participation (Benowitz, Kuyt, & Jacob, 1984;
Hatsukami, Hughes, Pickens, & Svikis, 1984) or
have studied smoking cessation treatment patients
in the community during the initial days of absti-
nence (Hughes et al., 1984; Shiffman & Jarvik,
1976). This study has demonstrated the feasibility
of another approach to smoking cessation research
that involves paying smokers who are not seeking
cessation treatment to precipitate voluntary absti-
nence. The contingent payment procedures de-
scribed, which incorporate frequent subject moni-
toring and data collection opportunities, could
provide an analog model of smoking cessation use-
ful for studying the physiological and subjective
effects of tobacco smoking abstinence and other
factors associated with cessation and relapse.
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