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ABSTRACT

INTRODUCTION: Biochemical verification of smoking status prior to recruitment into smoking cessation trials is widely used to confirm smoking
status, most commonly using exhaled carbon monoxide (CO). There is variation in the level of CO used as a biochemical inclusion criterion, and thus
the possibility for people reporting to be current smokers to be incorrectly excluded from trials.

METHODS: As part of the Cessation of Smoking Trial in the Emergency Department, people attending the Emergency Department (ED) who
reported being current daily smokers underwent CO testing to confirm eligibility. Elective semi-structured interviews were undertaken with the
researchers who recruited participants. As part of the interviews, researchers were asked their views and experiences with CO testing.

RESULTS: Of the 1320 participants who reported being current daily smokers and underwent CO testing, 300 (22.7%) blew a CO reading of 7 ppm
or less and were excluded from taking part. Possible explanations offered by researchers for participants blowing low CO readings were (1) long
wait times in the ED, therefore a long period having elapsed since people had last smoked and (2) patients having reduced smoking for the period
before the ED attendance due to ill health.

CONCLUSIONS: Biochemical verification has the potential to improve internal validity of smoking cessation for inclusion in trials, but at the cost of
reduced generalisability through exclusion of participants who would receive the intervention if it were implemented in practice. We would
recommend researchers carefully consider whether it is appropriate and necessary to include biochemical verification as an inclusion criterion.

KEYWORDS: smoking cessation, trial methodology, biochemical verification

RECEIVED: April 21, 2023. ACCEPTED: July 25, 2023.
TYPE: Short Report

DECLARATION OF CONFLICTING INTERESTS: The author(s) declared no potential conflicts
of interest with respect to the research, authorship, and/or publication of this article.

FUNDING: The author(s) disclosed receipt of the following financial support for the research,
authorship, and/or publication of this article: The Cessation of Smoking Trial in the Emergency
Department is funded by the National Institute for Health and Care Research (NIHR129438).

CORRESPONDING AUTHOR: lan Pope, MBBS, Norwich Medical School, University of East
Anglia, Norwich NR4 7TJ, UK. Email: i.pope @uea.ac.uk

Introduction

Studies which aim to test the effectiveness of interventions
to help people quit smoking are essential in the battle against
tobacco related harm. For the results to be valid it is im-
portant that only current smokers are recruited, otherwise
the true effectiveness of the intervention will not be
demonstrated.

The Society for Research on Nicotine and Tobacco (SRNT)
Treatment Research Network recommendations on biochem-
ical verification of tobacco use and abstinence state that re-
biochemical

verification of smoking status as an inclusion criterion for

searchers must decide whether to include
studies. The authors state that biochemical verification may be
particularly important for trials that involve contingency
management or trials involving switching to alternative nicotine
produc:ts.l This is based on the assumption that people who do

not smoke may attempt to join a trial in order to gain a benefit,

e.g. receive an incentive. However there is no conclusive evi-
dence of such “gaming” happening in 1reali'cy.2 This is in
comparison to the use of biochemical verification at follow-up to
confirm cessation where it is widely used and accepted as a ‘gold
standard’ outcome.>

Of the 78 studies included in the September 2022 Cochrane
E-Cigarette systematic review" 17 used biochemical verification
at baseline, 57 did not, and 4 did not report it. Of those that
used biochemical verification, one used cotinine and the re-
mainder used exhaled carbon monoxide (CO) with thresholds
of 5 ppm (3 studies), 6 ppm (3 studies), 8 ppm (1 study), 9 ppm
(2 studies) 10 ppm (7 studies) and 15 ppm (1 study). Two
studies reported the number of participants excluded as a result
of a low CO realding.s'6 The Russell standard sought to
standardise the measurement and reporting of smoking status in
trials with a CO reading of 10 ppm or more signifying
smoking.3
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Carbon monoxide typically has a half-life of around 4 h,
meaning someone with a level of 12 ppm would be expected to
have a level of 6 ppm 4 h later if they did not smoke during that
period.7 However, this half-life is influenced by exercise,
pregnancy and time of day.”®

Difterent types of CO monitors have been shown to provide
different results with one study of 78 people who smoked
finding the Bedfont monitor giving mean CO readings 3.8 ppm
higher than the Vitalograph monitor, although the difference
was smaller (1.7 ppm) among those who reported abstaining in
the prior 12-24 h compared to those who smoked regularly.9

Studies that have calculated the sensitivity (i.e. ability to
avoid false negatives) of CO verification for smoking status have
found sensitivities of between 57.6% and 90% depending on the
population and cut off used.”1012

The lung health study found that at 1 year follow-up 6% of
participants in both the intervention and control group who
reported current smoking had a CO reading of less than
10 ppm.13 It is worth noting that participants in the lung health
study were ‘heavy smokers’ with an average of 32.7 cigarettes
reportedly smoked per day by men and 28.9 by women at

baseline.™*

Methods

The Cessation of Smoking Trial in the Emergency Department
(COSTED) is a multi-centre randomised controlled trial of a
smoking cessation intervention for people attending the
Emergency Depar’cment.15 COSTED used an exhaled CO
level of 28 ppm as an inclusion criterion. People in Emergency
Departments (EDs) were screened by asking if they were
currently smoking tobacco. At this point participants did not
know why they were being asked. Therefore it seems unlikely
that they would report being a person who smokes if they were
not, particularly given the stigma around smoking that still
exists.'® Those who reported smoking were screened for in-
clusion and exclusion criteria including being asked if they were
a “daily tobacco smoker, smoking at least one cigarette (or
equivalent) per day”. Those who met inclusion criteria were
consented and then underwent CO verification using a Bed-
font® piCO Smokerlyzer administered by a trained researcher.
Those who blew a reading of <8 ppm were excluded from taking
part in the trial.

Eleven semi-structured interviews were undertaken with the
researchers who were recruiting participants across all 6 par-
ticipating Emergency Departments as part of the process
evaluation. Interviews, conducted via video or voice calls, were
audio recorded and transcribed verbatim.

Results

Quantitative

Of the 1320 participants who reported being current daily
smokers and underwent CO testing 300 (22.7%) blew a CO

Table 1. Frequency of CO readings amongst potential COSTED
participants.

CO READING (PPM) FREQUENCY (%)

0 3 (-2%)
1 14 (1.1%)
2 44 (3.3%)
3 57 (4.3%)
4 51 (3.9%)
5 47 (3.6%)
6 57 (4.3%)
7 27 (2.1%)
8 90 (6.8%)
9 72 (5.5%)
10 60 (4.6%)
11 56 (4.2%)
12 53 (4.0%)
13 46 (3.5%)
14 43 (3.3%)
15 57 (4.3%)
16 or more 543 (41.1%)

reading of 7 ppm or less and were excluded from taking part. A
further 477 (36.1%) had readings between 8 and 15 ppm. The
number of participants who blew each of the CO readings is
shown in Table 1.

Qualitative

Possible explanations offered by a large number of researchers
for participants blowing low CO reading were (1) long wait
times in the ED therefore a long period having elapsed since
people had last smoked and (2) patients having reduced
smoking for the period before the ED attendance due to ill
health.

Other speculative explanations the advisors suggested were
(1) younger, fitter people tending to blow lower CO readings;
(2) the way people smoke potentially contributing, e.g. not
inhaling deeply; (3) possible measurement error and (4) people
with chronic lung condition and facial palsies being unable to
exhale fully to complete the CO test.

Advisors reported the consequences of excluding participants
based on low CO readings as being (1) people being upset that
they were not being given a chance to participate, (2) false
reassurance to smokers who blew a low reading that they were
not at risk and (3) exclusion of smokers with chronic lung
conditions from the trial.
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Discussion

Using biochemical verification as an inclusion criterion for
smoking cessation trials has the advantage of preventing people
who do not smoke from joining trials, thus potentially im-
proving internal validity. The disadvantages of this approach are
(1) the potential to exclude people reporting current smoking
from taking part, therefore limiting the generalisability of the
results given any intervention is likely to be offered to all self-
reported smokers if implemented in practice; (2) the cost and
time taken to complete the biochemical verification at baseline;
(3) it being based on the assumption that participants would lie
about their smoking status at baseline, which is not supported by
evidence, and may suggest a power relationship between par-
ticipant and researcher within the trial setting which may not be
desirable and; (4) the ethical issue of denying those who report
current smoking the opportunity of taking part in a trial.

In the COSTED trial we excluded a large number of
participants who potentially may have benefitted from the
intervention. The mechanism for this is likely to be the long
wait time in the ED when people were not smoking. Given
the adverse consequences on generalisability, the limitations
of CO readings in certain populations, the uncertainty
around the optimal CO level to use and the lack of rationale
for using biochemical verification as an inclusion criterion, in
hindsight we would not have used biochemical verification at
baseline. A limitation of the data presented is that there was
no alternative way to confirm smoking status, e.g. cotinine,
therefore we must rely on self-report. An alternative approach
would be to use cotinine which has a longer half-life, however
this would not discriminate between people who smoke and
those using e-cigarettes or nicotine replacement therapy.'

We recommend only including biochemical verification of
smoking status as an inclusion criterion for clinical trials where
there is clear rationale for its use. For most “real world” trials we
believe it is not necessary and limits generalisability of the results
and transferability to routine care. Where biochemical verifi-
cation is used we recommend adopting the Russell standard and
reporting of the number of participants excluded as a result of
the inability to confirm smoking status.
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