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Abstract. Increasing digital delivery of smoking cessation interventions has
resulted in the need to employ novel strategies for remote biochemical verification.
This scoping review and meta-analysis aimed to investigate best practices for remote
biochemical verification of smoking status. The scientific literature was searched for
studies that reported remotely obtained (not in-person) biochemical confirmation of
smoking status (ie, combustible tobacco). A meta-analysis of proportions was
conducted to investigate key outcomes, which included rates of returned biological
samples and the ratio of biochemically verified to self-reported abstinence rates. A total
of 82 studies were included. The most common samples were expired air (46%) and
saliva (40% of studies), the most common biomarkers were carbon monoxide (48%)
and cotinine (44%), and the most common verification methods were video
confirmation (37%) and mail-in samples for lab analysis (26%). Mean sample return
rates determined by random-effects meta-analysis were 70% for smoking cessation
intervention studies without contingency management (CM), 77% for CM studies, and
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65% for other studies. Among smoking cessation intervention studies without CM,
self-reported abstinence rates were 21%, biochemically verified abstinence rates were
10%, and 47% of individuals who self-reported abstinence were also biochemically
confirmed as abstinent. This scoping review suggests that improvements in sample
return rates in remote biochemical verification studies of smoking status are needed.
Recommendations for reporting standards are provided that may enhance confidence
in the validity of reported abstinence rates in remote studies.

Keywords: biochemical verification methods, smoking status, tobacco, carbon
monoxide, cotinine

Introduction. Biochemically verified smoking status is widely considered the
“gold standard” outcome in smoking cessation research [1, 2]. However, the remote
delivery of interventions and collection of cessation outcome data has become
increasingly common [3, 4] and the COVID-19 pandemic with associated limitations
on in-person research has only accelerated the -importance of remote interventions. In
remote studies, participants do not attend in-person sessions with study personnel and
interventions are delivered and data are collected via telephone, mobile application, the
Internet, social media, and/or other virtual methods [4-8]. Remote biochemical
verification of abstinence in these studies presents many opportunities and challenges
for tobacco researchers.

Previous recommendations suggested that biochemical verification of smoking
abstinence is not necessary for remote studies [9]. The assumption was that participants
might be less pressured to provide socially desirable responses if they do not encounter
study staff or treatment providers at follow-up face-to-face. However, more recent
recommendations suggest the need for biochemical verification of abstinence in all
cessation studies while also acknowledging that biochemical verification may not be
possible for all types of study designs. Currently, little is known about which methods
of biochemical verification are most feasible and accurate when delivered remotely,
how remotely biochemically verified abstinence rates compare to self-reported
abstinence, or how to improve adherence to remote biochemical collection.

The primary focus of this paper is on the biochemical verification of smoking
abstinence as the primary study outcome. In some studies where the primary outcome
was not specified, the final assessment point that included biochemical verification of
smoking status was selected. Because the goal of the current study was to conduct an
inclusive scoping review, the use of biochemical verification for other purposes (eg,
feasibility studies) is also briefly discussed.
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The aim of the study. This scoping review and meta-analysis aimed to
investigate best practices for remote biochemical verification of smoking status.

Materials and Methods. The scientific literature was searched for studies that
reported remotely obtained biochemical confirmation of smoking status. A meta-
analysis of proportions was conducted to investigate key outcomes, which included
rates of returned biological samples and the ratio of biochemically verified to self-
reported abstinence rates.

The databases were searched: Ovid, Medline; Wiley, Cochrane Central Register
of Controlled Trials; Elsevier, Embase; Clarivate, Web of Science; Cumulative Index
of Nursing and Allied Health Literature and Psyclnfo.

Descriptive statistics were used to report study characteristics. Then, a series of
random-effects meta-analyses of proportions were conducted to estimate the
percentage rates of returned samples for all study types. Because of heterogeneity in
study design, this review did not make comparisons across study types. Self-reported,
biochemically verified, and the concordance between biochemically verified and self-
reported abstinence rates were only investigated among smoking cessation intervention
studies excluding CM, because CM studies did not report self-reported abstinence
rates, and the study designs among other studies were too heterogeneous to allow for
meaningful comparisons. Meta regressions were estimated to investigate relationships
between study characteristics (eg, samples collected, biomarkers, or verification
method) and study outcomes (eg, sample return rates).

Results and Discussion. Of all smoking cessation intervention studies
(excluding CM), (71%) reported collecting saliva cotinine as the primary sample to
remotely biochemically verify smoking status. Eight (19%) studies used expired-air
carbon monoxide, three (7%) studies used urine cotinine, two (5%) studies used saliva
cotinine as well as anabasine, and one (2%) study used blood as well as saliva cotinine.
The most frequent verification method used was mail-in samples which were lab
analyzed (43%). Other verification methods used were both mail-in and in-person
samples (eg, studies used remote collection methods if participants lived far from the
study site, were unable to attend study visits in person, etc) (17%), video confirmation
(14%), apps (10%), photo (7%), and mail-in test strips (5%).

Biochemical verification in these studies was conducted primarily by evaluating
expired-air carbon monoxide (43%), followed by saliva cotinine testing (21%). In one
study (10%) collected hair/nail samples without any biomarker or analysis reported.
Studies in this category used various verification methods to confirm sample results,
including combinations of multiple methods (21%), apps (21%), mail-in samples (lab
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analyzed) (21%), photos (14%), videos (14%), and both mail-in and in-person samples
for lab analysis (7%).

The goal of the current study was to conduct a scoping review and meta-analysis
of studies using remote biochemical verification of smoking status. A total of 82 studies
were included. Among the 42 non-CM smoking cessation intervention studies, the
most common type of sample collected was saliva (71% of studies), the most common
biomarker used was cotinine (76% of studies), and the most common verification
method was lab analysis of mailed samples (43% of studies). CM studies and other
studies most commonly collected expired air (92% of CM studies; 43% of other
studies), used carbon monoxide (92% of CM studies; 50% of other studies), and video
verification (85% of CM studies). Mean sample return rates determined by random-
effects meta-analysis were 70% for smoking cessation intervention studies without
CM, 77% for CM studies, and 65% for other studies. Approaches to increase
participant adherence to returning samples reported among studies were not
significantly related to higher sample return rates. Among smoking cessation
intervention studies without CM included in meta-analysis, self-reported abstinence
rates were 21%, and biochemically verified abstinence rates were 10%.

Overall, the current review found a mismatch between self-reported and
biochemically verified abstinence rates in smoking cessation intervention studies
without CM that employed remote biochemical verification. Regarding the ratio of
biochemically verified to self-reported outcomes, only 47% of self-reported abstainers
were confirmed in pooled random-effects meta-analysis. This ratio did not significantly
vary across studies collecting different types of samples or using different biomarkers.
However, studies that used video confirmation had a significantly higher ratio
compared to studies that used photo confirmation, mail-in samples for lab analysis, or
mail-in samples for lab analysis combined with in-person samples. Our findings on the
mismatch between self-reported and biochemically verified abstinence are in line with
previously reported findings. A recent study [10] combined data from five hospital-
initiated smoking cessation trials and found that 60% of self-reported smoking
cessation was biochemically confirmed, which is slightly higher than the confirmation
rates found in the current study. In sum, these findings suggest that remotely
biochemically verified abstinence rates are substantially lower than self-reported
abstinence rates and are therefore not comparable across studies. The reasons why
study participants who self-reported abstinence did not provide biochemical
confirmation remain unknown and may plausibly include lack of convenience,
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additional burdensome effort, uncomfortable or tedious procedures, as well as
continued smoking and/or relapse.

This review also found no significant relationships between methods to improve
adherence and return rates. On the one hand, these findings suggest the need to identify
ways to improve return rates of samples for remote biochemical verification across the
board. For example, new, low-cost remote CO verification devices are increasingly
available and could be used more widely to assess smoking abstinence [11, 12].
Moreover, studies could experimentally test different biochemical verification
approaches and methods to improve participant adherence. On the other hand, studies
using remote biochemical verification should report in detail testing procedures and
relevant data, including sample return rates and number of usable samples by study
group/condition, as well as approaches used to improve participant adherence. Moving
forward, improving remote biochemical verification procedures will be a critical
contribution to digital and mobile health smoking cessation studies and other studies
that deliver remote smoking cessation support.

Finally, not all remote verification methods can confirm that the participant
provides the sample instead of a third person. Confirmation of identity is likely more
important for CM studies that directly tie abstinence to distribution of rewards and thus
May create an incentive for participants to -misrepresent who provided the sample. CM
studies most frequently use video confirmation of breath sample provision, for
example, videos that are automatically uploaded to a platform and can be checked by
research staff [13]. More recently, studies have also used photos were taken during the
breath sample provision process [14], including automatic facial recognition
technology [11]. Another strategy to confirm participant identity, used by some
smoking cessation intervention studies that do not rely on frequent sampling of
abstinence, includes real-time video calls with participants and project staff, which has
been used for both breath CO [15] and saliva cotinine (using test strips) [16]
monitoring. A technique that does not require real-time contact with participants
includes mailing saliva cotinine test Kits to participants, paired with the request to
document the sample provision and test results with photos to be sent to research staff
[17, 18]. Thus, multiple different approaches are available to confirm if participants
provide samples for biochemical verification themselves.

Conclusions. This scoping review and meta-analysis provide an overview of
studies that used remote biochemical verification of smoking status. The review found
that biochemically verified abstinence rates were lower than self-reported abstinence
rates for almost all studies included. However, in light of limitations to data available
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from included studies, it remains unclear which factors are responsible for this
mismatch and if the ground truth of smoking abstinence is more closely represented by
biochemically verified or self-reported rates in remote studies. In addition to recent
recommendations for biochemical verification provided by our SRNT colleagues,1 and
to improve the evidence for remote biochemical verification of smoking status, the
authors recommend the following reporting guidelines for future studies in this area:
report sample return rates, usable samples, self-reported abstinence, biochemically
verified abstinence, and the number of concordant/discordant self-reported and verified
outcomes, with detailed data reported for each study subgroup/condition. Report and
account for other tobacco product use and cannabis use. Report identity verification of
who provided samples, and include and report study approaches to increase sample
return rates. The results of this review suggest that improved verification methods and
improved reporting standards are needed to enhance confidence in the validity of
reported abstinence rates in remote studies.
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