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Abstract: Tobacco use is the leading preventable cause of death in America and is elevated among
patients with non-tobacco substance use disorders. Substance use treatment centers (SUTCs) do
not commonly address their patients’ tobacco use. Lack of knowledge on treating tobacco use with
counseling and medication may be a barrier that underlies this inaction. A multi-component tobacco-
free workplace program implemented in Texas SUTCs educated providers on treating tobacco use
with evidence-based medication (or referral) and counseling. This study examined how center-
level changes in knowledge from pre- to post-implementation (i.e., over time) affected center-level
behavioral changes in providers’ provision of tobacco use treatment over time. Providers from
15 SUTCs completed pre- and post-implementation surveys (pre N = 259; post N = 194) assessing
(1) perceived barriers to treating tobacco use, specifically, a lack of knowledge on treating tobacco
use with counseling or medication; (2) receipt of past-year education on treating tobacco use with
counseling or medication; and (3) their intervention practices, specifically, the self-reported regular use
of (a) counseling or (b) medication intervention or referral with patients who use tobacco. Generalized
linear mixed models explored associations between provider-reported knowledge barriers, education
receipt, and intervention practices over time. Overall, recent counseling education receipt was
endorsed by 32.00% versus 70.21% of providers from pre- to post-implementation; the regular
use of counseling to treat tobacco use was endorsed by 19.31% versus 28.87% from pre- to post-
implementation. Recent medication education receipt was endorsed by 20.46% versus 71.88% of
providers from pre- to post-implementation; the regular use of medication to treat tobacco use was
endorsed by 31.66% versus 55.15% from pre- to post-implementation. All changes were statistically
significant (ps < 0.05). High versus low reductions in the provider-reported barrier of “lack of
knowledge on pharmacotherapy treatment” over time were a significant moderator of effects, such
that SUTCs with high reductions in this barrier were more likely to report greater increases in
both medication education receipt and medication treatment/referral for patients who use tobacco
over time. In conclusion, a tobacco-free workplace program implementation strategy that included
SUTC provider education improved knowledge and resulted in increased delivery of evidence-
based treatment of tobacco use at SUTCs; however, treatment provision rates—in particular, offering
tobacco cessation counseling—remained less than desirable, suggesting that barriers beyond lack
of knowledge may be important to address to improve tobacco use care in SUTCs. Moderation
results suggest (1) differences in the mechanisms underlying uptake of counseling education versus
medication education and (2) that the relative difficulty of providing counseling versus providing
medication persists regardless of knowledge gains.
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1. Introduction

Tobacco use is the leading cause of preventable death, disease, and disability in the
United States (U.S.) [1]. It has been causally linked to myriad chronic diseases, including
cancer, stroke, diabetes, chronic obstructive pulmonary disease, and respiratory diseases [2].
Chronic nicotine exposure has a deleterious impact on memory and cognition [3]. Despite
the known health effects, nearly 31 million U.S. adults smoke cigarettes, the most com-
mon form of tobacco use, and millions of others use non-cigarette tobacco products (e.g.,
e-cigarettes and smokeless tobacco) [1]. Most adults who smoke recognize the detrimental
health effects of smoking and want to quit [4,5]. However, of the 68% who report wanting
to quit smoking each year [4], only 7.4% succeed [5]. This is in part because (a) nicotine
exposure alters the brain’s signaling pathways to promote continued tobacco product
use [3] and (b) the tobacco industry has a propensity to employ pernicious marketing
campaigns designed to make its products both appealing and easily accessible [6]. The
continued widespread use of tobacco costs the U.S. USD 600 billion annually in increased
healthcare spending and lost productivity [7].

Tobacco control efforts have been successful in reducing tobacco use overall in the
U.S.; however, some population subgroups, such as adults with non-nicotine substance use
disorders (SUDs), continue to use tobacco at high rates [8–10]. For example, compared to
those without SUDs, adults who reported a SUD within the past year were 2 times more
likely to smoke cigarettes [11]. Moreover, 65–87% of adults receiving addiction treatment
report smoking [12]. As a result, adults with SUDs are disproportionately burdened with
tobacco-related disease and premature death relative to the general population [11,13]. A 2015
study examined death records of 148,761 deceased Oregon residents and found that adults
with SUDs had higher rates of tobacco-related deaths than did the population as a whole
(53.6% vs. 30.7%) [13]. Furthermore, more adults with SUDs died from tobacco-related
causes than from all other causes combined [13]. Consequently, targeted intervention
efforts are needed to extend the reach of evidence-based tobacco use care to mitigate
tobacco-related health inequities among adults with SUDs.

The U.S. Preventive Services Taskforce and other clinical guidelines recommend that
patients be screened for tobacco use at every healthcare encounter [14] and provided with
evidence-based cessation care [15,16]. Recommended behavioral interventions include brief
advice and individual or group counseling [14,16], and recommended pharmacotherapy
includes nicotine-based medications (nicotine replacement therapy (NRT)) or non-nicotine
medications, such as bupropion and varenicline (NRT and non-nicotine medications, col-
lectively, “medication”) [14,16]. However, provider engagement in these recommended
practices is not ubiquitous at substance use treatment centers (SUTCs), where patients with
SUDs receive care. One nationwide study showed that only 64% of SUTCs performed to-
bacco screenings, 47% provided tobacco cessation counseling to patients, and between 20%
and 26% offered medication, dependent on type (NRT vs. non-nicotine medication) [17].
There is evidence that tobacco use is prevalent among SUTC staff (20.4–32.0% currently
use tobacco and 47.9–48.8% formerly used tobacco) and that SUTC staff who use tobacco
are significantly less likely to intervene in patients’ tobacco use [18,19]. These low tobacco
care provision rates represent a missed opportunity to address the elevated tobacco use
and consequent health disparities among adults with SUDs who receive care in SUTCs.

Various theories (e.g., Theory of Planned Behavior, Knowledge–Attitude–Practice
Theory) and organizational/implementation frameworks (e.g., Theoretical Domains Frame-
work) suggest that knowledge may be a key determinant of healthcare providers’ behav-
iors [20–22]. Indeed, numerous studies support that misconceptions (i.e., a lack of accurate
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knowledge) may underlie SUTC providers’ underuse of evidence-based intervention to
address patients’ tobacco use [17,23–26]. For example, despite empirical evidence to the
contrary [27–31], SUTC providers report beliefs that tobacco cessation interferes with al-
cohol or other drug sobriety [17,23], that tobacco cessation medication may be harmful
to patients [24], that tobacco use is a helpful coping strategy and a facilitator of patients’
social connections [26], and that addressing tobacco use is less important than addressing
other SUDs [17,25]. Other commonly reported SUTC provider knowledge gaps include
how to treat tobacco use with counseling [24,25] and how to comfortably talk to patients
about quitting [24]. Therefore, interventions addressing SUTC providers’ knowledge gaps
through provider education may reduce their perceived barriers to providing tobacco
use care and enhance the implementation of evidence-based recommendations in these
settings [20,32–35].

Studies support that educational interventions can change providers’ attitudes about
treating tobacco use, improve knowledge of tobacco use care, and enhance the provision of
tobacco use care to patients in various healthcare settings [36–38]. However, it is unclear
whether education is sufficient to enhance all types of tobacco care provision (i.e., counseling
versus medication use/recommendation) in SUTCs. Gaps in the literature exist on this
point. For example, prior studies on training healthcare providers to treat tobacco use fail
to specifically educate them about medications, and/or measure changes in providers’ use
of medications from before to after education [36,37,39]. Similarly, work conducted with
substance use treatment providers either does not assess if education addressed knowledge
barriers that interfered with providers’ tobacco use care provision to patients and/or the
links between education provision and subsequent changes in counseling and medication
practices [40,41]. Understanding more about these links, however, may be helpful for
tailoring educational initiatives for maximal actualization in providers’ work with patients.

The actualization of SUTC provider education into changes in providers’ use of to-
bacco counseling versus tobacco medication use/recommendation with SUD patients may
differ for several reasons. For example, most SUTC providers without medical degrees
have advanced training in non-nicotine addiction counseling—skills that should be trans-
ferrable to tobacco use treatment but do not seem to be routinely employed in that regard.
Consequently, addressing misperceptions about tobacco use co-treatment and making
explicit the transferability of extant counseling skills should directly translate into enhanced
tobacco use counseling with patients. However, it is possible that delivery of tobacco use
counseling may be relatively unaltered following education due to perceived limitations
in time [24,25], skills [42–44], and/or comfort with care provision [24,45] (i.e., barriers to
treatment distinct from knowledge). Relative to counseling provision, NRT provision or
non-nicotine medicine recommendation may be more resilient to these barriers inasmuch
as it is more straightforward (provider information provision versus patient–provider dia-
logue) and thus less time-consuming, resulting in greater uptake by providers. Moreover,
exposure to education about how tobacco use can be treated with medications may be
more novel to the vast majority of providers in SUTCs, who are not medically trained
and would typically have less knowledge, training, and experience with recommending
medications to patients [46,47]. Tobacco cessation care information novelty has been linked
to the greater valuation of its provision by treatment center leadership [48], greater provider
knowledge gain from education [49], and larger center-level increases in tobacco use care
provision to patients, though the relative effects on counseling versus medication care
provision were not studied. However, medication care provision is also less prevalent
than cessation counseling in SUTCs [17] and thus has greater potential to significantly in-
crease post-education receipt (due to ceiling effects). It may also be the case that medication
care/referral provision may not change with increased knowledge if other barriers continue
to exist. Overall, more research is needed to understand the effects of educational interven-
tions on SUTC providers’ endorsement of knowledge barriers to tobacco use care provision
and, ultimately, their provision of cessation counseling and medication to patients [41], as
increased provision of each is aligned with best practices [15,16]. Moreover, examining the



Int. J. Environ. Res. Public Health 2023, 20, 4013 4 of 17

effects of education receipt on provider care at the SUTC level is of interest given that SUTC
practices can affect the tobacco use prevalence in an entire catchment area, particularly
in more rural areas where access to care is sparse and tobacco-related health disparities
may be more common [50]. This information can help to tailor time-limited educational
interventions to an SUTC’s needs (e.g., relative focus on cessation counseling information
vs. medication information, barriers to counseling other than knowledge limitations),
maximizing its potential to impact tobacco use disparities in a given community.

The present study addresses the aforementioned gaps in the literature by examining
how education provision affected changes in providers’ self-reported treatment knowl-
edge barriers and their provision of tobacco cessation counseling and medication within
15 SUTCs in Texas that participated in a comprehensive tobacco-free workplace program.
Provider education, theoretically linked to knowledge barriers and treatment provision,
was a core component of the program. Despite the dearth of prior studies to inform defini-
tive hypotheses about all associations, based on theories [20–22] and our empirical and
anecdotal program implementation observations, we expected that (a) prior to program
implementation, knowledge gaps hindering medication intervention/referral provision
would be more substantial than knowledge gaps hindering cessation counseling provision;
(b) program implementation would reduce providers’ self-reported knowledge barriers for
both cessation medication and counseling care provision and (c) enhance the delivery of
patient care in each area at the SUTC level, with (d) greater changes seen for provision of
medication than counseling provision; and (e) the magnitude of changes at the SUTC level
in knowledge barriers (low versus high) over time consequent to education receipt would
moderate changes in the use of counseling and medication provision/referral for SUD
patients who used tobacco. This analysis was retrospective; however, findings may inform
future efforts to implement tobacco-free workplace programs with provider education at
SUTCs and to identify which SUTCs are most ripe for such implementation, in each case,
to maximize delivery of evidence-based tobacco use intervention to patients.

2. Materials and Methods
2.1. Participants and Recruitment

Participants were direct service providers (e.g., physicians, medical assistants, nurses,
nursing assistants, qualified mental health professionals, or licensed chemical dependency
counselors; each, hereafter, a “provider”) at 15 SUTCs that completed Taking Texas To-
bacco Free (TTTF), a comprehensive tobacco-free workplace program, from December
2017 to May 2020. Recruitment for TTTF was specific to Texas due to funder requirements
and was primarily accomplished via direct email solicitation and word of mouth. Deci-
sions about participation were made by each center’s leadership/CEO. TTTF enrollment
was ongoing such that each center received the same intervention components over a
period of 7.2 to 13.6 (10.96 + 3.84) months, negotiated based on each center’s capacity
for prompt implementation. Together, the SUTCs that participated in this study pro-
vided services for the following counties: Harris, Tarrant, Victoria, Bexar, Nueces, Travis,
Grayson, Dallas, and Galveston. Collectively, they reported serving over 80,000 patients
across approximately 300,000 annual visits. The TTTF program is further detailed in prior
publications [48,49,51–62]; characteristics of participating SUTCs were also previously
reported [63].

2.2. Program Implementation

The TTTF program entailed the delivery of a ~1.5 h education session to providers
that included a review of the health risks of tobacco use, disparities experienced by patients
with substance use dependencies, the use of brief interventions for screening and treating
tobacco use, the importance and beneficial outcomes of co-treating tobacco use within
substance use dependency treatment, and how to use NRT and non-nicotine medications
to treat tobacco use disorder. “Program champions”, providers identified by center leader-
ship to work with TTTF staff in program implementation, attended a 5-day educational
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course accredited to certify them as tobacco treatment specialists with the expertise to
later serve as a resource to other providers at their SUTCs. Program champions did not
receive additional financial compensation for their services. Centers generally had be-
tween 1–3 program champions, dependent upon center size and as negotiated with center
leadership. Program champions and center providers were also invited to attend a ~7.5 h
motivational interviewing educational workshop delivered by TTTF staff, with varying
uptake by center. Each SUTC participating in TTTF received a starter kit of NRTs for
patients and employees and was encouraged to continue to budget for these products
themselves so that they could be offered free of charge to patients. Each participating center
also implemented a comprehensive tobacco-free workplace policy that disallowed tobacco
product use indoors or anywhere on the premises. The TTTF program provided each center
with permanent tobacco-free workplace signage and worked closely with each center on
policy monitoring and enforcement planning. Finally, TTTF provided centers with health
promotion materials that were designed to their specifications to reflect the demographics
of the patients that they treated. These materials were provided in multiple languages
and ranged from posters for offices to brochures for patients; materials advised patients
to ask their healthcare provider for assistance with quitting tobacco and always included
the Texas Tobacco Quitline phone number. Participating centers did not receive direct
compensation for participation. All study procedures were approved by the Institutional
Review Board at the University of Houston.

2.3. Survey Procedures

Data reported herein were collected via an online survey emailed to the providers
within each center by their program champion, once before TTTF was implemented
(pre-implementation) and once after all components of TTTF were implemented (post-
implementation). Each survey request was open for ~3 weeks, and weekly reminders were
sent for completion. Informed consent for participation was gathered via a survey cover
letter; a waiver of documentation of informed consent was obtained. Data were collected
anonymously to maintain provider privacy and encourage honest responses. As a result,
pre- and post-implementation data could not be matched at the provider level. However,
data could be matched at the center level. Due to the frequency of employee turnover at
SUTCs [64–67], an unknown proportion of providers likely participated in the pre- but not
the post-implementation procedures and vice versa.

2.4. Survey Measures

The survey assessed the primary variables of interest in the current study: providers’
perceived barriers to care, provider-reported education receipt, and provider-reported to-
bacco use disorder intervention practices. Each of these was assessed at pre-implementation
and post-implementation.

Perceived barriers. Providers were asked: “What barriers do you face in regularly
treating tobacco-using patients?” Of interest to this analysis were responses to the following
barriers, each coded as yes or no: (1) lack of knowledge on how to treat tobacco with
counseling and (2) lack of knowledge on how to treat tobacco with medications.

Education receipt. Education receipt was assessed with an item reading: “In the last
12 months, have you received any training on . . . ” with two areas of interest, each coded
as yes or no: (1) the use of counseling and behavior therapies to treat tobacco use and
(2) the use of pharmacotherapies (e.g., NRT, Chantix) to treat tobacco use.

Intervention practices. Intervention practices were assessed with an item reading:
“What types of treatment do you typically provide for cigarette smokers and/or other to-
bacco users?” Of interest to this analysis were endorsements of the following practices, each
coded as yes or no: (1) behavioral counseling and (2) NRT (or referral/recommendation
therefor) and/or non-nicotine medications (or referral therefor).
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2.5. Statistical Analysis

First, center-level perceived provider knowledge barriers, education receipt, and
intervention practice variables were derived from unmatched individual-level data for
each center at pre- and post-implementation. Next, changes in each of these variables
over time were investigated using chi-square/Fisher’s exact tests. Changes in center-
level knowledge barrier variables were calculated as %/mean at post-implementation
minus %/mean at pre-implementation. Median split binary center-level barrier variables
were created for moderator analyses. Next, whether changes in education receipt and
providers’ intervention practices over time differed by low versus high center-level changes
in corresponding knowledge barriers to care provision was assessed with interaction terms.
To account for the nested data structure of providers within the SUTCs, generalized linear
mixed models (binomial distribution, logit link, and variance components for the variance
matrix) were used.

All analyses were conducted using SAS Version 9.4 [68], and the level of significance
was designated at p < 0.05.

3. Results
3.1. Provider-Reported Knowledge Barriers with Respect to Treating Patients with Behavioral
Counseling and/or Medications

At pre-implementation, 20.46% of providers reported lack of knowledge on how
to treat tobacco use with counseling as a barrier they face in regularly treating tobacco
use; 26.64% of providers reported lack of knowledge on how to treat tobacco use with
medications as a barrier they face regularly treating patients who use tobacco. At post-
implementation, 9.28% of providers reported lack of knowledge on how to treat tobacco
use with counseling as a barrier they face in regularly treating patients who use tobacco;
11.86% of providers reported lack of knowledge on how to treat tobacco use with medi-
cations as a barrier they face regularly treating patients who use tobacco. The decreases
in these barriers over time with program implementation were statistically significant
(ps < 0.05) in both cases and slightly more substantial for medication than counseling overall.
See Table 1.

Table 1. Changes in providers’ perceived lack of knowledge barriers for tobacco cessation care
provision from pre-to post-implementation of a comprehensive tobacco-free workplace program
that included education in 15 substance use treatment centers in Texas (pre-implementation
n = 259 providers; post-implementation n = 194 providers).

Barrier of Lack of Knowledge on Using Behavioral Counseling Barrier of Lack of Knowledge on Using Medication

Pre % Pre N Post % Post N p-Value Pre % Pre N Post % Post N p-Value

SUTC 1 20.00 25 4.55 22 0.1936 20.00 25 4.55 22 0.1936
SUTC 2 0.00 3 0.00 2 NA 0.00 3 50.00 2 0.4000
SUTC 3 0.00 6 0.00 4 NA 16.67 6 0.00 4 1.0000
SUTC 4 0.00 11 15.38 13 0.4819 36.36 11 0.00 13 0.0311
SUTC 5 33.33 3 0.00 4 0.4286 0.00 3 25.00 4 1.0000
SUTC 6 36.00 50 10.00 40 0.0043 40.00 50 2.50 40 <0.0001
SUTC 7 13.04 23 10.53 19 1.0000 26.09 23 26.32 19 1.0000
SUTC 8 66.67 3 0.00 2 0.4000 66.67 3 50.00 2 1.0000
SUTC 9 26.15 65 14.00 50 0.1119 23.08 65 18.00 50 0.5066
SUTC 10 37.50 8 0.00 1 1.0000 50.00 8 0.00 1 1.0000
SUTC 11 0.00 3 0.00 5 NA 33.33 3 20.00 5 1.0000
SUTC 12 3.33 30 7.14 14 0.5402 23.33 30 14.29 14 0.6951
SUTC 13 22.22 9 14.29 7 1.0000 0.00 9 14.29 7 0.4375
SUTC 14 0.00 11 0.00 3 NA 18.18 11 0.00 3 1.0000
SUTC 15 11.11 9 0.00 8 1.0000 22.22 9 0.00 8 0.4706

All 20.46 259 9.28 194 0.0012 26.64 259 11.86 194 0.0001

Note: SUTC = substance use treatment center.
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3.2. Provider-Reported Education Receipt and Intervention Practices

At pre-implementation, 32.00% of providers reported receipt of counseling and behav-
ioral therapy education in the last year and 19.31% reported using behavioral counseling
with patients who use tobacco; 20.46% of providers reported receipt of medication educa-
tion in the last year and 31.66% reported using medications with patients who use tobacco
or referring them for medications. At post-implementation, 70.21% of providers reported
receiving counseling and behavioral therapy education in the last year and 28.87% reported
using behavioral counseling with patients who use tobacco; 71.88% of providers reported
receiving medication education in the last year and 55.15% reported using medications
with patients who use tobacco or referring them for medication. These increases over
time were significant in each case (ps < 0.05). Although education provided during TTTF
program implementation reached a substantial proportion of providers (>70%) in both
areas, changes in the use of medications or medication referral to address tobacco use with
patients following education receipt were more substantial than those seen for counseling
provision. See Tables 2 and 3 for providers’ education receipt and intervention practices at
pre- and post-program implementation by SUTC.

Table 2. Changes in provider-reported past-year education receipt for counseling and behavioral
therapy for tobacco and the regular use of counseling and behavioral therapy with patients who
use tobacco from pre- to post-implementation of a comprehensive tobacco-free workplace program
that provided education on cessation counseling in 15 substance use treatment centers in Texas
(pre-implementation n = 259 providers; post-implementation n = 194 providers).

Receipt of Counseling and Behavioral Therapy Education Behavioral Counseling Used with Patients

Pre % Pre N Post % Post N p-Value Pre % Pre N Post % Post N p-Value

SUTC 1 30.43 23 45.45 22 0.2989 20.00 25 31.82 22 0.3538
SUTC 2 66.67 3 100.00 2 1.0000 66.67 3 100.00 2 1.0000
SUTC 3 33.33 6 100.00 4 0.0762 16.67 6 50.00 4 0.5000
SUTC 4 45.45 11 92.31 13 0.0233 36.36 11 38.46 13 1.0000
SUTC 5 33.33 3 75.00 4 0.4857 0.00 3 25.00 4 1.0000
SUTC 6 12.00 50 78.38 37 <0.0001 6.00 50 12.50 40 0.4584
SUTC 7 52.17 23 64.71 17 0.4280 34.78 23 47.37 19 0.4082
SUTC 8 33.33 3 0.00 1 1.0000 0.00 3 50.00 2 0.4000
SUTC 9 27.87 61 58.00 50 0.0013 10.77 65 24.00 50 0.0582
SUTC 10 37.50 8 100.00 1 0.4444 25.00 8 100.00 1 0.3333
SUTC 11 50.00 2 80.00 5 1.0000 33.33 3 20.00 5 1.0000
SUTC 12 40.00 30 85.71 14 0.0046 33.33 30 35.71 14 1.0000
SUTC 13 50.00 8 100.00 7 0.0769 11.11 9 14.29 7 1.0000
SUTC 14 36.36 11 66.67 3 0.5385 18.18 11 33.33 3 1.0000
SUTC 15 37.50 8 75.00 8 0.3147 44.44 9 37.50 8 1.0000

All 32.00 250 70.21 188 <0.0001 19.31 259 28.87 194 0.0174

Note: SUTC = substance use treatment center.

3.3. Changes in Lack of Knowledge of How to Treat Patients with Counseling as a Moderator of
Changes in Provider-Reported Counseling Education Receipt and Associated Intervention Practices
over Time

Contrary to hypotheses, there was no moderating effect of center-level changes in provider-
reported knowledge barriers for counseling on changes over time in provider-reported receipt
of counseling and behavioral therapy education (Estimate = 0.122, SE = 0.472, p = 0.797) or
provider-reported regular use of behavioral counseling with patients (Estimate = −0.388,
SE = 0.465, p = 0.405). (Table 4). Stated another way, high (versus low) changes in counseling
knowledge being a barrier to care provision at the center level were not associated with
increased receipt of education on cessation counseling or increased provision of cessation
counseling to patients from pre- to post-program implementation.
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Table 3. Changes in provider-reported past-year education receipt on the use of or referral for
pharmacotherapies for tobacco use and the regular use of recommendation/referral for medication
with patients who use tobacco from pre- to post-implementation of a comprehensive tobacco-free
workplace program that provided education on medication use/referral in 15 substance use treatment
centers in Texas (pre-implementation n = 259 providers; post-implementation n = 194 providers).

Receipt of Medication Education Medication Use/Referral with Patients §

Pre % Pre N Post % Post N p-Value Pre % Pre N Post % Post N p-Value

SUTC 1 20.00 25 54.55 22 0.0139 36.00 25 72.73 22 0.0118
SUTC 2 66.67 3 100.00 2 1.0000 66.67 3 100.00 2 1.0000
SUTC 3 0.00 6 100.00 4 0.0048 16.67 6 100.00 4 0.0476
SUTC 4 36.36 11 100.00 13 0.0010 27.27 11 69.23 13 0.0405
SUTC 5 33.33 3 50.00 4 1.0000 33.33 3 75.00 4 0.4857
SUTC 6 4.00 50 78.95 38 <0.0001 12.00 50 37.50 40 0.0045
SUTC 7 13.04 23 63.16 19 0.0007 34.78 23 31.58 19 0.8265
SUTC 8 33.33 3 50.00 2 1.0000 0.00 3 50.00 2 0.4000
SUTC 9 27.69 65 62.00 50 0.0002 46.15 65 52.00 50 0.5341
SUTC 10 37.50 8 100.00 1 0.4444 12.50 8 100.00 1 0.2222
SUTC 11 33.33 3 80.00 5 0.4643 66.67 3 80.00 5 1.0000
SUTC 12 13.33 30 64.29 14 0.0011 33.33 30 21.43 14 0.4984
SUTC 13 77.78 9 100.00 7 0.4750 22.22 9 100.00 7 0.0032
SUTC 14 9.09 11 100.00 3 0.0110 36.36 11 100.00 3 0.1923
SUTC 15 11.11 9 87.50 8 0.0034 33.33 9 87.50 8 0.0498

All 20.46 259 71.88 192 <0.0001 31.66 259 55.15 194 <0.0001

Note. § Nicotine replacement therapy (e.g., nicotine patch, gum) or referral/recommendation for such and/or
non-nicotine medications (e.g., Chantix) or referral for such. SUTC = substance use treatment center.

Table 4. Examination of center-level changes in lack of knowledge as a barrier to care provision as a
moderator of changes in provider-reported receipt of education and provider-reported intervention
practices from before to after the implementation of a comprehensive tobacco-free workplace program
in 15 Texas substance use treatment centers.

Outcome Effect Estimate SE p-Value

Receipt of Counseling and
Behavioral Therapy Education

Time (ref: pre-implementation) 1.683 0.264 <0.0001
Barrier: Lack of Knowledge on Treating Tobacco Use with Counseling * 0.920 0.279 0.001

Interaction Term 0.122 0.472 0.797

Behavioral Counseling Used
with Patients

Time (ref: pre-implementation) 0.760 0.317 0.017
Barrier: Lack of Knowledge on Treating Tobacco Use with Counseling * 0.878 0.432 0.043

Interaction Term −0.388 0.465 0.405

Receipt of Medication
Education

Time (ref: pre-implementation) 1.714 0.270 <0.0001
Barrier: Lack of Knowledge on Treating Tobacco Use with Medications §,* −0.957 0.606 0.1148

Interaction Term 2.398 0.590 <0.0001

Medication Used or Referral for
Medication Used with Patients

Time (ref: pre-implementation) 0.560 0.246 0.023
Barrier: Lack of Knowledge on Treating Tobacco Use with Medications §,* −0.967 0.446 0.031

Interaction Term 1.351 0.450 0.003

* The reference group for knowledge barriers was low (versus high) changes over time. § Nicotine replacement
therapy (e.g., nicotine patch, gum) or referral/recommendation for such and non-nicotine-based medications
(e.g., Chantix) or referral for such.

3.4. Changes in Lack of Knowledge of How to Treat Patients with Medications or Refer Them for
Medications as a Moderator of Changes in Provider-Reported Medication Education Receipt and
Intervention Practices over Time

There was a moderating effect of center-level changes in provider-reported knowledge
barriers of how to treat patients with or refer them for tobacco cessation medications
on changes over time in provider-reported receipt of medication education (γ = 2.398,
SE = 0.590, p < 0.001), and in provider-reported regular use of/referral for medications with
patients who use tobacco (γ = 1.351, SE = 0.450, p = 0.003) (Table 4).

Specifically, further analyses showed that centers with high changes in the percentage
of providers endorsing lack of knowledge about medications as a perceived barrier over
time had increased odds of endorsing the receipt of medication education over time (OR
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from pre- to post-implementation: 0.170 to 10.345) compared to those from centers with low
changes in the percentage of providers endorsing this perceived barrier over time (OR from
pre- to post-implementation: 0.442 to 2.450). Stated another way, centers that experienced
high reductions in the barrier of lack of knowledge of how to treat tobacco use with
medications over time were more likely than those with low reductions (or increases) to
report increases in the receipt of education in pharmacotherapies from pre- to post-program
implementation; centers wherein providers had the least exposure to medication education
prior to program implementation and took advantage of this education demonstrated
commensurate decreases in reported knowledge barriers to medication usage.

Analyses additionally showed that centers with high changes in the percentage of
providers endorsing lack of knowledge about medications as a perceived barrier to their
use with patients from program implementation also had increased odds of using med-
ications with patients or referring them for medication use over time (OR from pre- to
post-implementation: 0.285 to 1.929) relative to centers with low changes in endorsement
of this perceived barrier (OR from pre- to post-implementation: 0.750 to 1.313). Stated
another way, centers that experienced high reductions in the barrier of lack of knowledge
of how to treat or refer patients who use tobacco with medications over time also were
more likely than those with low reductions (or increases) to report increases in the use
of or referral for medications with patients who used tobacco from pre- to post-program
implementation; centers wherein providers had the least exposure to medication education
prior to program implementation and took advantage of this education demonstrated
commensurate increases in medication cessation care provision with patients.

4. Discussion

The current study aimed to examine how education provision affected changes in
providers’ self-reported knowledge barriers and their provision of tobacco cessation coun-
seling and medication within 15 SUTCs in Texas, U.S., that served a nine-county catchment
area through ~300,000 care visits annually. Ultimately, results were intended to inform
the design of future SUTC workplace educational programs to maximize the provision of
evidence-based tobacco use care to patients with SUDs, who are known to use tobacco at
greater rates than the general population [11,12], experience commensurate disparities in
tobacco-related morbidity and mortality [11,13], and may experience a lower likelihood of
tobacco care receipt as a result of SUTC providers’ knowledge deficits [17,23–26]. Overall,
results supported several hypotheses and can lend insight to SUTC workplace intervention
planning for capacity building in tobacco use care provision to patients with SUDs.

Results reflected that knowledge gaps as barriers to care provision were generally low
in participating SUTCs, endorsed overall by 20.46% (counseling) and 26.64% (medication) of
providers within these settings. This may be somewhat surprising given various studies and
theories citing knowledge dearth and misinformation as major factors underlying low rates
of tobacco cessation care provision in SUTC settings [17,20–26]. Moreover, knowledge gaps
hindering medication intervention/referral provision prior to program implementation
were more common in participating SUTCs than knowledge gaps hindering cessation
counseling provision. This was expected given that most providers in these settings are
not medically trained and are thus less likely to know about medications for addressing
tobacco use [46,47]. However, findings highlight the importance of covering medication
usage and referral in educational interventions for providers in this setting, particularly as
prescription privileges are unnecessary to provide patients with guidance on topics such
as over-the-counter NRT use. The degree to which medication coverage is included and
assessed in prior studies is often not reported [36,37,39]. The literature would benefit from
future studies very clearly reporting the extent to which medication (and counseling) is
covered and assessed in educational interventions. While education provision significantly
reduced providers’ self-reported knowledge barriers for both cessation medication and
counseling care provision from pre- to post-program implementation, it is noteworthy that
such reduction was slightly more substantial for medication (−14.78%) than for counseling
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(−11.18%). This may not be surprising given, again, that most SUTC providers are not
medically trained and were thus less likely to know about medications for addressing
tobacco use at pre-implementation than they were to know about counseling [46,47]. This
finding further highlights the importance of covering medication usage and referral in
educational interventions.

Pre-implementation knowledge barriers were smaller than expected and, relatedly,
so too were reductions in knowledge barriers following education provision, potentially
calling into question the ability of educational interventions to translate into significant
gains in cessation service delivery within SUTCs. Employee turnover from pre- to post-
implementation may have contributed to the latter observation as well [64–67]. The coun-
seling and medication knowledge barrier reductions, however, were accompanied by
significantly enhanced delivery of counseling care at 13 of 15 SUTCs (19.31% to 28.87%
overall) and cessation medication at 13 of 15 SUTCs (31.66% to 55.15% overall) from pre-
to post-implementation. Thus, the present study not only provides support that provider-
focused educational interventions can increase the provision of tobacco use care in various
healthcare settings, similar to previously reported work [36–38], but also extends that
notion to individual components of evidence-based tobacco use care—counseling and
medication—in SUTCs. Results also support the importance of addressing providers’
knowledge gaps with education—even if they are only relevant to a fifth to a quarter of an
SUTC’s providers. Implications include that programs designed to enhance the treatment
of tobacco use disorder concurrently with the treatment of non-tobacco SUDs may therefore
maximize their impact by including an educational component, or modifying their existing
educational component, to spur knowledge absorption and/or implementing such pro-
grams at SUTCs with the greatest potential for medication knowledge gain (i.e., those with
the most to learn or those who report the greatest barrier of lack of knowledge) [69]. Many
strategies to improve knowledge absorption have been employed across various settings
and contexts. Those strategies include making the education session interactive [70–72],
leveraging prior knowledge [73], and using multiple methods/modalities for learning [74].
While there is potential for these strategies to improve knowledge absorption and conse-
quently enhance tobacco treatment delivery to SUTC patients, more research is necessary to
determine their effectiveness in this context and their relative effectiveness for training on
counseling versus medication. Strategies to identify SUTCs with the greatest potential for
knowledge gain may involve assessing institutional knowledge or educational resources
prior to the implementation of educational interventions.

It is worth noting that greater enhancement in providers’ care provision was seen in
cessation medication usage (+23.49%) than in counseling care provision (+9.56%). This
result is also consistent with expectations and may be due to differences in the mechanisms
underlying the uptake of the two treatment practices and/or in the logistics of delivering
the two forms of treatment. As previously noted, many SUTC providers have advanced
training in non-nicotine addiction counseling rather than medication usage [46,47], and
tobacco cessation care information novelty has been linked to larger SUTC-level increases in
tobacco use care provision and greater valuation of such provision by SUTC leadership [48].
Taken together, these results indicate that medication education may have spurred greater
enhancement of treatment delivery than did counseling education because cessation medi-
cation information was more novel to the SUTC providers who participated in the study.
Novelty of education about cessation interventions might be increased by introducing
them in the context of lesser-known tobacco topics. For example, providers seemed, from
anecdotal experience, very interested in learning more about e-cigarettes and other new
tobacco products, creating a pathway for pairing this information directly with methods
of evidence-based care provision that may apply to new as well as old tobacco products.
Additionally, future educational intervention programs should consider highlighting the
novel components of tobacco use counseling (relative to non-nicotine addiction counseling)
in addition to the 5As (an evidence-based brief intervention model [75]) and other brief
counseling techniques [76–78].



Int. J. Environ. Res. Public Health 2023, 20, 4013 11 of 17

Additional reasons for the differential uptake of cessation medication usage versus
counseling care may relate to providers’ perceived time restrictions [24,25], the skill re-
quired to provide effective counseling [42–44], and/or providers’ comfort with counseling
provision [24,45]. Each of these factors may stifle counseling care provision but not cessa-
tion medication usage. SUTC providers have cited a lack of time to intervene in tobacco
use as one of the reasons they do not commonly provide tobacco cessation care to their
patients [24,25]. In supplying NRT and training providers on when and how to provide it to
patients, the TTTF program empowered providers with all the tools necessary to efficiently
provide medication to their patients. The TTTF program provided counseling training
but did not make the provision of counseling more efficient. The fact that there were still
overall increases in counseling provision suggests that, armed with increased knowledge
of the benefits of counseling, some providers either made the time in their schedules for
counseling or found ways to streamline individual patient visits to accommodate time for
counseling. Doing either is difficult though, so time with patients may have a rate-limiting
effect on counseling care uptake (i.e., at a certain point, additional counseling knowledge
may not translate to additional counseling provision due to limited time to implement the
acquired knowledge). Future educational interventions should consider placing increased
emphasis on the efficiency and efficacy of brief counseling [76–78]. If providers are more
aware that they can effectively counsel tobacco cessation with minimal time commitment,
they may be more inclined to do so. At a minimum, providers should be educated on their
local Quitline (i.e., eligibility for care, services provided therein, etc.).

Time constraints aside, adept medication delivery requires little more than the ap-
propriate knowledge and access to over-the-counter NRT (and, in the case of bupropion,
varenicline, other non-nicotine medications, and prescription NRTs (e.g., inhalers), a license
to prescribe pharmaceutical agents). Adept counseling, on the other hand, is a skill that
has been shown to improve with observation of model counseling, practice, and feed-
back [42–44]. Evidence suggests that, even with improved knowledge, providers may not
increase their delivery of counseling without improved self-efficacy in doing so [69]. While
the TTTF program invited SUTC providers to attend a ~7.5 h motivational interviewing
training that included opportunities to observe, practice, and receive feedback, providers
were not required to attend. The basic tobacco education that targeted all providers did
not allow practice opportunities, as it was necessarily time-limited to facilitate availability
and attendance, and topical coverage was prioritized over practice and coaching. Future
educational interventions should partner with SUTC leadership to create opportunities
for the observation and practice of tobacco cessation counseling care to build providers’
self-efficacy, even if only as follow-up programming to an educational session.

Still, even time and skill may not be sufficient to overcome inertia in providing
counseling care. Studies have found that some providers do not discuss tobacco cessation
with their patients because they are not comfortable having such potentially unpleasant
conversations [24,45]. SUTC providers are likely to be more accustomed than most to having
conversations about substance use cessation. Tobacco use cessation, however, may be a
particularly uncomfortable topic to broach given that tobacco use is more socially accepted
than other SUDs, especially in SUTC settings. As noted earlier, many SUTC providers even
believe that tobacco use is a helpful facilitator of patients’ social connections [26]. While
the latter can be addressed through education, improving knowledge on treating tobacco
with counseling does not alone address the discomfort a provider may have in talking with
patients about tobacco use cessation. Research has found that past unpleasant experiences
underlie this discomfort [45], but future studies should explore methods to overcome this
discomfort when treating SUTC patients who use tobacco. In the meantime, facilitating
providers’ attempts to practice counseling (as discussed above in the context of improving
skill) may alleviate some of their discomfort. Specific efforts to address the discomfort of
tobacco-using providers arising from their personal use should also be considered [18,19].

Although most studies on the effect of education on tobacco cessation care delivery
in healthcare settings examine factors on the individual provider level [36–38], when
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considering non-profit SUD community care, it is important to consider SUTC-level gains
in cessation knowledge and care provision. These SUTCs may represent the affordable
and accessible care options that cover an entire geographic catchment coverage area. Thus,
center-level capacity development is of interest as it has the potential to affect area-level
tobacco-related health inequities. The current study found that the magnitude of changes at
the SUTC level in knowledge barriers over time consequent to education receipt moderated
changes in medication provision/referral but not in counseling care provision. All of the
aforementioned reasons for the differential uptake of cessation medication usage versus
counseling care (i.e., information novelty, perceived time restrictions, skill, and comfort)
may have contributed to this result. For example, the potential rate-limiting effect of time
with patients on counseling provision may inhibit the magnitude of reduction in counseling
knowledge barriers from translating into increased provision of counseling care. This
further highlights the need for future educational interventions to emphasize the novelty
and effectiveness of brief counseling techniques and to give providers opportunities to
develop skill and comfort with those techniques through practice. Moreover, examination
of capacity building at the SUTC level is also recommended, particularly when targeting
SUTCs serving rural or medically underserved patients who may live in places with
elevated tobacco use rates and lower access to evidence-based cessation care [50].

This study was intentionally limited to the education of SUTC providers, with the goal
of uncovering ways to enhance the provision of tobacco use treatment to SUTC patients
who bear a disproportionate burden of tobacco-related disease and death. Future studies
may wish to investigate educating other professionals (e.g., pharmacists) who commonly
interact with individuals who use tobacco products. Other limitations of the present study
include that not all providers at the participating SUTCs were reached by the surveys or
the educational intervention, that some gaps in knowledge were apparently unaddressed,
and that a notable portion of participating providers may currently use tobacco or have
used it in the past [18,19]. Providers were not required to complete the pre-implementation
survey, participate in TTTF, or complete the post-implementation survey. Results are
extrapolated to entire SUTCs based on the providers that opted to participate, which
may introduce selection bias. Future educational intervention programs may incentivize
participation by providing relevant continuing education credits and/or encouraging
SUTC leadership to factor participation into provider compensation (e.g., merit raises).
While TTTF implementation reduced knowledge barriers, some counseling and medication
knowledge barriers persisted post-implementation (9.28% and 11.86%, respectively). This
may be due to employee turnover between surveys or to some providers taking the post-
implementation survey without attending the educational sessions, but it likely at least
partially reflects that some providers did not find that the TTTF educational sessions
eliminated their knowledge gaps. Future iterations of TTTF should obtain feedback from
educational session participants to better understand what knowledge gaps persist and
how to address them. This feedback obtainment may include inviting participants to give
critical input via qualitative procedures. The TTTF educational program included broadly
applicable information but was not tailored to reach SUTC providers who themselves use
tobacco. Future work should investigate how providers’ tobacco use status may affect their
participation in non-compulsory tobacco cessation education sessions and how educational
intervention programs may overcome such reluctance to treat tobacco use. Finally, given
increased recognition of the complexity of environments, future studies may wish to
leverage machine learning techniques in their data collection and analyses [79].

5. Conclusions

This study found that, following an educational intervention to increase knowledge on
treating tobacco use with counseling and/or medication, SUTC providers demonstrated in-
creased provision of those respective treatments to their patients who use tobacco. Centers
with the greatest reductions in the barrier of lack of knowledge on treating tobacco use with
medication were more likely to report greater increases in the provision of medication (or



Int. J. Environ. Res. Public Health 2023, 20, 4013 13 of 17

referral therefor) to their patients who use tobacco. The magnitude of center-level knowl-
edge change did not moderate the magnitude of increases in the provision of counseling
or behavioral therapy. This work adds to the existing literature by (1) demonstrating that
educational intervention can enhance the specific provision of counseling and medication
to treat tobacco use among SUTC patients and (2) evidencing the differential moderat-
ing effect of center-level knowledge gain on treatment provision. This information can
help to tailor time-limited educational interventions to an SUTC’s needs and maximize its
potential to impact tobacco use disparities in a given community. Uptake of counseling
education may be better actualized if brief counseling is emphasized and/or if educational
sessions require that providers attend and practice counseling skills. These findings also
highlight areas for future study, including how to overcome provider discomfort with
tobacco cessation conversations.

Author Contributions: Conceptualization, L.R.R., M.B., and T.A.C.; methodology, L.R.R. and T.A.C.;
software, T.A.C.; validation, T.A.C.; formal analysis, T.A.C.; investigation, A.R., B.K., I.M.L., K.C.,
L.R.R., M.B., T.A.C., T.W., and V.C.-F.; resources, L.R.R.; data curation, T.A.C.; writing—original draft
preparation, A.D.S., B.J.C., L.R.R., and T.A.C.; writing—review and editing, A.D.S., A.R., B.J.C., B.K.,
I.M.L., K.C., L.R.R., M.B., T.A.C., T.W., and V.C.-F.; visualization, T.A.C.; supervision, L.R.R. and T.W.;
project administration, B.K., I.M.L., K.C., L.R.R., M.B., T.A.C., T.W., and V.C.-F.; funding acquisition,
L.R.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Cancer Prevention and Research Institute of Texas
(PP170070; PI Reitzel). Work on the manuscript and its revisions was supported by the National
Cancer Institute at the National Institutes of Health through The University of Texas MD Ander-
son Cancer Center’s Cancer Center Support Grant (P30CA016672). Work on the manuscript was
additionally supported by the National Institute on Drug Abuse of the National Institutes of Health
(R25DA054015; MPI Reitzel), with which M.B. is a scholar and T.A.C. is supported as an evaluation
expert, and the Cancer Prevention and Research Institute of Texas (PP210003; PI Reitzel), with which
T.A.C., I.M.L., M.B., B.J.C., V.C.-F., B.K., T.W., and A.R. are supported. The conclusions drawn in this
work are solely the authors’ responsibility and do not necessarily represent the official views of the
sponsoring organizations.

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of the University of Houston
(STUDY00000472, approval date 27 July 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to confidentiality/privacy agreements
with the funders.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Centers for Disease Control and Prevention: Smoking & Tobacco Use: Fast Facts and Fact Sheets. Available online:

https://www.cdc.gov/tobacco/data_statistics/fact_sheets/fast_facts/index.htm#:~:text=Smoking%20leads%20to%20
disease%20and,death%20in%20the%20United%20States (accessed on 28 January 2023).

2. Centers for Disease Control and Prevention: Smoking & Tobacco Use: Health Effects. Available online: https://www.cdc.
gov/tobacco/basic_information/health_effects/index.htm#:~:text=Smoking%20causes%20cancer%2C%20heart%20disease,
immune%20system%2C%20including%20rheumatoid%20arthritis (accessed on 28 January 2023).

3. Hajdusianek, W.; Żórawik, A.; Waliszewska-Prosół, M.; Poręba, R.; Gać, P. Tobacco and Nervous System Development and
Function-New Findings 2015–2020. Brain Sci. 2021, 11, 797. [CrossRef] [PubMed]

4. Babb, S.; Malarcher, A.; Schauer, G.; Asman, K.; Jamal, A. Quitting Smoking among Adults—United States, 2000–2015. MMWR
Morb. Mortal. Wkly. Rep. 2017, 65, 1457–1464. [CrossRef] [PubMed]

5. National Institute on Drug Abuse: Tobacco, Nicotine, and E-Cigarettes Research Report: Is Nicotine Addictive? Available
online: https://nida.nih.gov/publications/research-reports/tobacco-nicotine-e-cigarettes/nicotine-addictive#:~:text=Yes.,face%
20of%20negative%20health%20consequences (accessed on 28 January 2023).

6. Almeida, A.; Galiano, A.; Golpe, A.A.; Álvarez, J.M.M. The Usefulness of Marketing Strategies in a Regulated Market: Evidence
from the Spanish Tobacco Market. E M Ekon. Manag. 2021, 24, 171–188. [CrossRef]

https://www.cdc.gov/tobacco/data_statistics/fact_sheets/fast_facts/index.htm#:~:text=Smoking%20leads%20to%20disease%20and,death%20in%20the%20United%20States
https://www.cdc.gov/tobacco/data_statistics/fact_sheets/fast_facts/index.htm#:~:text=Smoking%20leads%20to%20disease%20and,death%20in%20the%20United%20States
https://www.cdc.gov/tobacco/basic_information/health_effects/index.htm#:~:text=Smoking%20causes%20cancer%2C%20heart%20disease,immune%20system%2C%20including%20rheumatoid%20arthritis
https://www.cdc.gov/tobacco/basic_information/health_effects/index.htm#:~:text=Smoking%20causes%20cancer%2C%20heart%20disease,immune%20system%2C%20including%20rheumatoid%20arthritis
https://www.cdc.gov/tobacco/basic_information/health_effects/index.htm#:~:text=Smoking%20causes%20cancer%2C%20heart%20disease,immune%20system%2C%20including%20rheumatoid%20arthritis
http://doi.org/10.3390/brainsci11060797
http://www.ncbi.nlm.nih.gov/pubmed/34208753
http://doi.org/10.15585/mmwr.mm6552a1
http://www.ncbi.nlm.nih.gov/pubmed/28056007
https://nida.nih.gov/publications/research-reports/tobacco-nicotine-e-cigarettes/nicotine-addictive#:~:text=Yes.,face%20of%20negative%20health%20consequences
https://nida.nih.gov/publications/research-reports/tobacco-nicotine-e-cigarettes/nicotine-addictive#:~:text=Yes.,face%20of%20negative%20health%20consequences
http://doi.org/10.15240/tul/001/2021-2-011


Int. J. Environ. Res. Public Health 2023, 20, 4013 14 of 17

7. Centers for Disease Control and Prevention: Smoking & Tobacco Use: Economic Trends in Tobacco. Available online: https://www.cdc.
gov/tobacco/data_statistics/fact_sheets/economics/econ_facts/index.htm (accessed on 28 January 2023).

8. Drope, J.; Liber, A.C.; Cahn, Z.; Stoklosa, M.; Kennedy, R.; Douglas, C.E.; Henson, R.; Drope, J. Who’s still smoking? Disparities in
adult cigarette smoking prevalence in the United States. CA Cancer J. Clin. 2018, 68, 106–115. [CrossRef] [PubMed]

9. Kingsbury, J.H.; D’Silva, J.; O’Gara, E.; Parks, M.J.; Boyle, R.G. How Much Progress Have We Made? Trends in Disparities in
Tobacco Use. Prev. Chronic Dis. 2020, 17, E107. [CrossRef] [PubMed]

10. Weinberger, A.H.; Gbedemah, M.; Wall, M.M.; Hasin, D.S.; Zvolensky, M.J.; Goodwin, R.D. Cigarette use is increasing among
people with illicit substance use disorders in the United States, 2002–2014: Emerging disparities in vulnerable populations.
Addiction 2018, 113, 719–728. [CrossRef] [PubMed]

11. Han, B.; Volkow, N.D.; Blanco, C.; Tipperman, D.; Einstein, E.B.; Compton, W.M. Trends in Prevalence of Cigarette Smoking
among US Adults with Major Depression or Substance Use Disorders, 2006–2019. JAMA 2022, 327, 1566–1576. [CrossRef]

12. Guydish, J.; Passalacqua, E.; Tajima, B.; Chan, M.; Chun, J.; Bostrom, A. Smoking Prevalence in Addiction Treatment: A Review.
Nicotine Tob. Res. 2011, 13, 401–411. [CrossRef]

13. Bandiera, F.C.; Anteneh, B.; Le, T.; Delucchi, K.; Guydish, J. Tobacco-related mortality among persons with mental health and
substance abuse problems. PLoS ONE 2015, 10, e0120581. [CrossRef] [PubMed]

14. Fiore, M.; Jaén, C.; Baker, T.; Bailey, W.; Benowitz, N.; Curry, S.; Dorfman, S.; Froelicher, E.; Goldstein, M.; Healton, C.; et al.
Treating Tobacco Use and Dependence: 2008 Update. Available online: http://www.tobaccoprogram.org/clientuploads/
documents/Consumer%20Materials/Clinicians%20Systems%20Mat/2008-Guidelines.pdf (accessed on 28 January 2023).

15. Krist, A.H.; Davidson, K.W.; Mangione, C.M.; Barry, M.J.; Cabana, M.; Caughey, A.B.; Donahue, K.; Doubeni, C.A.; Epling, J.W.;
Kubik, M.; et al. Interventions for Tobacco Smoking Cessation in Adults, Including Pregnant Persons: US Preventive Services
Task Force Recommendation Statement. JAMA 2021, 325, 265–279. [CrossRef] [PubMed]

16. Stead, L.F.; Koilpillai, P.; Fanshawe, T.R.; Lancaster, T.; Stead, L.F. Combined pharmacotherapy and behavioural interventions for
smoking cessation. Cochrane Database Syst. Rev. 2016, 2016, CD008286. [CrossRef] [PubMed]

17. Marynak, K.; VanFrank, B.; Tetlow, S.; Mahoney, M.; Phillips, E.; Mbbs, A.J.; Schecter, A.; Tipperman, D.; Babb, S. Tobacco
Cessation Interventions and Smoke-Free Policies in Mental Health and Substance Abuse Treatment Facilities—United States,
2016. MMWR Morb. Mortal. Wkly Rep. 2018, 67, 519–523. [CrossRef]

18. Guydish, J.; Le, T.; Hosakote, S.; Straus, E.; Wong, J.; Martínez, C.; Delucchi, K. Tobacco use among substance use disorder (SUD)
treatment staff is associated with tobacco-related services received by clients. J. Subst. Abus. Treat. 2022, 132, 108496. [CrossRef]

19. Duaso, M.J.; Bakhshi, S.; Mujika, A.; Purssell, E.; While, A.E. Nurses’ smoking habits and their professional smoking cessation
practices. A systematic review and meta-analysis. Int. J. Nurs. Stud. 2017, 67, 3–11. [CrossRef]

20. Mather, M.; Pettigrew, L.M.; Navaratnam, S. Barriers and facilitators to clinical behaviour change by primary care practitioners: A
theory-informed systematic review of reviews using the Theoretical Domains Framework and Behaviour Change Wheel. Syst.
Rev. 2022, 11, 180. [CrossRef]

21. Willis, L.; Lee, E.; Reynolds, K.J.; Klik, K.A. The Theory of Planned Behavior and the Social Identity Approach: A New Look at
Group Processes and Social Norms in the Context of Student Binge Drinking. Eur. J. Psychol. 2020, 16, 357–383. [CrossRef]

22. Kattoor, A.; Thomas, J.; Abraham, A.; Bahia, A.; Kenchaiah, S. Tobacco Cessation: A Knowledge, Attitude and Practice (Kap)
Survey among Residents. J. Am. Coll. Cardiol. 2017, 69, 2529. [CrossRef]

23. Conrad, M.; Bolte, T.; Gaines, L.; Avery, Z.; Bodie, L. The Untreated Addiction: Going Tobacco-Free in a VA Substance Abuse
Residential Rehabilitation Treatment Program (SARRTP). J. Behav. Health Serv. Res. 2018, 45, 659–667. [CrossRef]

24. Gollust, S.E.; Schroeder, S.A.; Warner, K.E. Helping Smokers Quit: Understanding the Barriers to Utilization of Smoking Cessation
Services. Milbank Q. 2008, 86, 601–627. [CrossRef]

25. Siddiqi, A.D.; Britton, M.; Chen, T.A.; Carter, B.J.; Wang, C.; Martinez, L.I.; Rogova, A.; Kyburz, B.; Williams, T.; Patel, M.; et al.
Tobacco Screening Practices and Perceived Barriers to Offering Tobacco Cessation Services among Texas Health Care Centers
Providing Behavioral Health Treatment. Int. J. Environ. Res. Public Health 2022, 19, 9647. [CrossRef] [PubMed]

26. Rojewski, A.M.; Bailey, S.R.; Bernstein, S.L.; Cooperman, N.A.; Gritz, E.R.; Karam-Hage, M.A.; Piper, M.E.; Rigotti, N.A.;
Warren, G.W. Considering Systemic Barriers to Treating Tobacco Use in Clinical Settings in the United States. Nicotine Tob. Res.
2019, 21, 1453–1461. [CrossRef] [PubMed]

27. Lemon, S.C.; Friedmann, P.D.; Stein, M.D. The impact of smoking cessation on drug abuse treatment outcome. Addict. Behav.
2003, 28, 1323–1331. [CrossRef] [PubMed]

28. van Amsterdam, J.; van den Brink, W. Smoking as an Outcome Moderator in the Treatment of Alcohol Use Disorders. Alcohol
Alcohol. 2022, 57, 664–673. [CrossRef]

29. Nguyen, L.C.; Durazzo, T.C.; Dwyer, C.L.; Rauch, A.A.; Humphreys, K.; Williams, L.M.; Padula, C.B. Predicting relapse after
alcohol use disorder treatment in a high-risk cohort: The roles of anhedonia and smoking. J. Psychiatr. Res. 2020, 126, 1–7.
[CrossRef]

30. Ziedonis, D.M.; Guydish, J.; Williams, J.; Steinberg, M.; Foulds, J. Barriers and solutions to addressing tobacco dependence in
addiction treatment programs. Alcohol Res. Health 2006, 29, 228–235. [PubMed]

https://www.cdc.gov/tobacco/data_statistics/fact_sheets/economics/econ_facts/index.htm
https://www.cdc.gov/tobacco/data_statistics/fact_sheets/economics/econ_facts/index.htm
http://doi.org/10.3322/caac.21444
http://www.ncbi.nlm.nih.gov/pubmed/29384589
http://doi.org/10.5888/pcd17.200090
http://www.ncbi.nlm.nih.gov/pubmed/32945768
http://doi.org/10.1111/add.14082
http://www.ncbi.nlm.nih.gov/pubmed/29265574
http://doi.org/10.1001/jama.2022.4790
http://doi.org/10.1093/ntr/ntr048
http://doi.org/10.1371/journal.pone.0120581
http://www.ncbi.nlm.nih.gov/pubmed/25807109
http://www.tobaccoprogram.org/clientuploads/documents/Consumer%20Materials/Clinicians%20Systems%20Mat/2008-Guidelines.pdf
http://www.tobaccoprogram.org/clientuploads/documents/Consumer%20Materials/Clinicians%20Systems%20Mat/2008-Guidelines.pdf
http://doi.org/10.1001/jama.2020.25019
http://www.ncbi.nlm.nih.gov/pubmed/33464343
http://doi.org/10.1002/14651858.CD008286.pub3
http://www.ncbi.nlm.nih.gov/pubmed/27009521
http://doi.org/10.15585/mmwr.mm6718a3
http://doi.org/10.1016/j.jsat.2021.108496
http://doi.org/10.1016/j.ijnurstu.2016.10.011
http://doi.org/10.1186/s13643-022-02030-2
http://doi.org/10.5964/ejop.v16i3.1900
http://doi.org/10.1016/S0735-1097(17)35918-1
http://doi.org/10.1007/s11414-018-9610-2
http://doi.org/10.1111/j.1468-0009.2008.00536.x
http://doi.org/10.3390/ijerph19159647
http://www.ncbi.nlm.nih.gov/pubmed/35955001
http://doi.org/10.1093/ntr/nty123
http://www.ncbi.nlm.nih.gov/pubmed/29917118
http://doi.org/10.1016/S0306-4603(02)00259-9
http://www.ncbi.nlm.nih.gov/pubmed/12915172
http://doi.org/10.1093/alcalc/agac027
http://doi.org/10.1016/j.jpsychires.2020.04.003
http://www.ncbi.nlm.nih.gov/pubmed/17373414


Int. J. Environ. Res. Public Health 2023, 20, 4013 15 of 17

31. Morris, C.D.; Garver-Apgar, C.E. Nicotine and Opioids: A Call for Co-treatment as the Standard of Care. J. Behav. Health Serv. Res.
2020, 47, 601–613. [CrossRef]

32. Francis, J.J.; O’Connor, D.; Curran, J. Theories of behaviour change synthesised into a set of theoretical groupings: Introducing a
thematic series on the theoretical domains framework. Implement. Sci. 2012, 7, 35. [CrossRef]

33. Cane, J.; O’Connor, D.; Michie, S. Validation of the theoretical domains framework for use in behaviour change and implementa-
tion research. Implement. Sci. 2012, 7, 37. [CrossRef]

34. Phillips, C.J.; Marshall, A.P.; Chaves, N.J.; Jankelowitz, S.K.; Lin, I.B.; Loy, C.T.; Rees, G.; Sakzewski, L.; Thomas, S.; To, T.-P.; et al.
Experiences of using the Theoretical Domains Framework across diverse clinical environments: A qualitative study. J. Multidiscip.
Healthc. 2015, 8, 139–146. [CrossRef]

35. Atkins, L.; Francis, J.; Islam, R.; O’Connor, D.; Patey, A.; Ivers, N.; Foy, R.; Duncan, E.M.; Colquhoun, H.; Grimshaw, J.M.; et al. A
guide to using the Theoretical Domains Framework of behaviour change to investigate implementation problems. Implement. Sci.
2017, 12, 77. [CrossRef]

36. Hasan, S.I.; Hairi, F.M.; Tajuddin, N.A.A.; Nordin, A.S.A. Empowering healthcare providers through smoking cessation training
in Malaysia: A preintervention and postintervention evaluation on the improvement of knowledge, attitude and self-efficacy.
BMJ Open 2019, 9, e030670. [CrossRef] [PubMed]

37. Taniguchi, C.; Sezai, I.; Yoshimi, I.; Hirano, T.; Wakao, F. Effectiveness of a smoking cessation educational program for Japanese
nurses on subsequent changes of behavior in delivering smoking cessation counseling. Tob. Induc. Dis. 2022, 20, 19. [CrossRef]
[PubMed]

38. deRuiter, W.K.; Barker, M.; Rahimi, A.; Ivanova, A.; Zawertailo, L.; Meamed, O.C.; Selby, P. Smoking Cessation Training and
Treatment: Options for Cancer Centres. Curr. Oncol. 2022, 29, 183. [CrossRef]

39. Martínez, C.; Castellano, Y.; Andrés, A.; Fu, M.; Feliu, A.; Antón, L.; Ballbè, M.; Fernández, P.; Cabrera, S.; Riccobene, A.; et al.
Impact of an Online Training Program in Smoking Cessation Interventions in Hospitals. J. Nurs. Scholarsh. 2019, 51, 449–458.
[CrossRef] [PubMed]

40. Laschober, T.C.; Muilenburg, J.L.; Eby, L.T. Factors Linked to Substance Use Disorder Counselors’ (Non)Implementation
Likelihood of Tobacco Cessation 5 A’s, Counseling, and Pharmacotherapy. J. Addict. Behav. Ther. Rehabil. 2015, 4, 134. [CrossRef]
[PubMed]

41. Campbell, B.K.; Le, T.; McCuistian, C.; Hosakote, S.; Kapiteni, K.; Guydish, J. Implementing tobacco-free policy in residential
substance use disorders treatment: Practice changes among staff. Drug Alcohol Depend. Rep. 2022, 2, 100033. [CrossRef]

42. Norris, M.; Eva, G.; Fortune, J.; Frater, T.; Breckon, J. Educating undergraduate occupational therapy and physiotherapy students
in motivational interviewing: The student perspective. BMC Med Educ. 2019, 19, 117. [CrossRef]

43. Akçabozan-Kayabol, N.B.; Ozdemir, N.K.; Güneri, O.Y.; Korkut-Owen, F. Integrating video-modeling into counseling skills and
techniques course and its impact on counseling self-efficacy. Curr. Psychol. 2021, 41, 8287–8299. [CrossRef]

44. Martino, S. Strategies for training counselors in evidence-based treatments. Addict. Sci. Clin. Pract. 2010, 5, 30–40.
45. Tucker, J.S.; Stucky, B.D.; Edelen, M.O.; Shadel, W.G.; Klein, D.J. Healthcare provider counseling to quit smoking and patient

desire to quit: The role of negative smoking outcome expectancies. Addict. Behav. 2018, 85, 8–13. [CrossRef]
46. Blair, L.; Heydon-Hatchett, V.; Davies, G.; Guy, A.; Davies, J. Therapists’ perspectives on working with clients taking psychiatric

drugs: Findings from a mixed-methods survey. Couns. Psychother. Res. 2021, 21, 1008–1020. [CrossRef]
47. Huft, J. The History and Future of the Sociology of Therapy: A Review and a Research Agenda. Am. Sociol. 2022, 53, 437–464.

[CrossRef]
48. Nitturi, V.; Chen, T.-A.; Kyburz, B.; Leal, I.M.; Correa-Fernandez, V.; O’Connor, D.P.; Williams, T.; Garey, L.; Stacey, T.; Wilson, W.T.;

et al. Organizational Characteristics and Readiness for Tobacco-Free Workplace Program Implementation Moderates Changes in
Clinician’s Delivery of Smoking Interventions within Behavioral Health Treatment Clinics. Nicotine Tob. Res. 2021, 23, 310–319.
[CrossRef]

49. Le, K.; Chen, T.A.; Leal, I.M.; Correa-Fernández, V.; Obasi, E.M.; Kyburz, B.; Williams, T.; Casey, K.; Brown, H.A.; O’Connor, D.P.;
et al. Organizational-Level Moderators Impacting Tobacco-Related Knowledge Change after Tobacco Education Training in
Substance Use Treatment Centers. Int. J. Environ. Res. Public Health 2021, 18, 7597. [CrossRef] [PubMed]

50. Coughlin, S.S. Smoking Cessation Treatment among Rural Individuals. Cardiovasc. Dis. Med. 2020, 2020, 1–2. [CrossRef]
51. Correa-Fernández, V.; Wilson, W.T.; Kyburz, B.; O’Connor, D.P.; Stacey, T.; Williams, T.; Lam, C.Y.; Reitzel, L.R. Evaluation of the

Taking Texas Tobacco Free Workplace Program within behavioral health centers. Transl. Behav. Med. 2019, 9, 319–327. [CrossRef]
[PubMed]

52. Correa-Fernández, V.; Wilson, W.T.; Shedrick, D.A.; Kyburz, B.; Samaha, H.L.; Stacey, T.; Williams, T.; Lam, C.Y.; Reitzel, L.R.
Implementation of a tobacco-free workplace program at a local mental health authority. Transl. Behav. Med. 2017, 7, 204–211.
[CrossRef]

53. Garey, L.; Neighbors, C.; Leal, I.M.; Lam, C.Y.; Wilson, W.T.; Kyburz, B.; Stacey, T.; Correa-Fernández, V.; Williams, T.;
Zvolensky, M.J.; et al. Tobacco-related knowledge following a comprehensive tobacco-free workplace program within behavioral
health facilities: Identifying organizational moderators. Patient Educ. Couns. 2019, 102, 1680–1686. [CrossRef]

54. Le, K.; Correa-Fernández, V.; Leal, I.M.; Kyburz, B.; Chen, T.-A.; Barrientos, D.; Saenz, E.; Williams, T.; O’Connor, D.P.; Obasi, E.M.;
et al. Tobacco-free Workplace Program at a Substance Use Treatment Center. Am. J. Health Behav. 2020, 44, 652–665. [CrossRef]

http://doi.org/10.1007/s11414-020-09712-6
http://doi.org/10.1186/1748-5908-7-35
http://doi.org/10.1186/1748-5908-7-37
http://doi.org/10.2147/JMDH.S78458
http://doi.org/10.1186/s13012-017-0605-9
http://doi.org/10.1136/bmjopen-2019-030670
http://www.ncbi.nlm.nih.gov/pubmed/31562154
http://doi.org/10.18332/tid/144649
http://www.ncbi.nlm.nih.gov/pubmed/35280046
http://doi.org/10.3390/curroncol29040183
http://doi.org/10.1111/jnu.12469
http://www.ncbi.nlm.nih.gov/pubmed/30874373
http://doi.org/10.4172/2324-9005.1000134
http://www.ncbi.nlm.nih.gov/pubmed/26005696
http://doi.org/10.1016/j.dadr.2022.100033
http://doi.org/10.1186/s12909-019-1560-8
http://doi.org/10.1007/s12144-021-02434-8
http://doi.org/10.1016/j.addbeh.2018.05.008
http://doi.org/10.1002/capr.12403
http://doi.org/10.1007/s12108-022-09534-3
http://doi.org/10.1093/ntr/ntaa163
http://doi.org/10.3390/ijerph18147597
http://www.ncbi.nlm.nih.gov/pubmed/34300052
http://doi.org/10.47496/nl.CDM.2020.01.01
http://doi.org/10.1093/tbm/iby067
http://www.ncbi.nlm.nih.gov/pubmed/29955886
http://doi.org/10.1007/s13142-017-0476-2
http://doi.org/10.1016/j.pec.2019.04.013
http://doi.org/10.5993/AJHB.44.5.9


Int. J. Environ. Res. Public Health 2023, 20, 4013 16 of 17

55. Leal, I.M.; Chen, T.-A.; Correa-Fernández, V.; Le, K.; O’Connor, D.P.; Kyburz, B.; Wilson, W.T.; Williams, T.; Reitzel, L.R. Adapting
and Evaluating Implementation of a Tobacco-Free Workplace Program in Behavioral Health Centers. Am. J. Health Behav. 2020, 44,
820–839. [CrossRef]

56. Leal, I.M.; Martinez, J.; Britton, M.; Chen, T.A.; Correa-Fernández, V.; Kyburz, B.; Nitturi, V.; Obasi, E.M.; Drenner, K.; Williams, T.;
et al. Collaborative Learning: A Qualitative Study Exploring Factors Contributing to a Successful Tobacco Cessation Train-the-
Trainer Program as a Community of Practice. Int. J. Environ. Res. Public Health 2022, 19, 7664. [CrossRef]

57. Leal, I.M.; Taing, M.; Correa-Fernández, V.; Obasi, E.M.; Kyburz, B.; Le, K.; Koshy, L.; Chen, T.A.; Williams, T.; Casey, K.;
et al. Addressing Smoking Cessation among Women in Substance Use Treatment: A Qualitative Approach to Guiding Tailored
Interventions. Int. J. Environ. Res. Public Health 2021, 18, 5764. [CrossRef]

58. Nitturi, V.; Chen, T.A.; Leal, I.M.; Correa-Fernández, V.; Drenner, K.; Kyburz, B.; Williams, T.; Obasi, E.M.; Britton, M.; Howard, M.;
et al. Implementation and Outcomes of a Train-the-Trainer Program at Behavioral Health Treatment Centers as a Mechanism to
Maintain Organizational Capacity to Address Tobacco Use Disorder. Int. J. Environ. Res. Public Health 2021, 18, 11635. [CrossRef]

59. Ramclam, A.; Taing, M.; Kyburz, B.; Williams, T.; Casey, K.; Correa-Fernández, V.; Obasi, E.M.; Leal, I.M.; Chen, T.A.;
O’Connor, D.P.; et al. An epidemic and a pandemic collide: Assessing the feasibility of tobacco treatment among vulnera-
ble groups at COVID-19 protective lodging. Fam. Syst. Health 2022, 40, 120–125. [CrossRef]

60. Samaha, H.L.; Correa-Fernández, V.; Lam, C.; Wilson, W.T.; Kyburz, B.; Stacey, T.; Williams, T.; Reitzel, L.R. Addressing Tobacco
Use among Consumers and Staff at Behavioral Health Treatment Facilities through Comprehensive Workplace Programming.
Health Promot. Pract. 2017, 18, 561–570. [CrossRef]

61. Taing, M.; Kyburz, B.; Leal, I.M.; Le, K.; Chen, T.-A.; Correa-Fernandez, V.; Williams, T.; O’Connor, D.P.; Obasi, E.M.; Casey,
K.; et al. Clinician Training in the Adaptation of a Comprehensive Tobacco-Free Workplace Program in Agencies Serving the
Homeless and Vulnerably Housed. Int. J. Environ. Res. Public Health 2020, 17, 6154. [CrossRef]

62. Taing, M.; Nitturi, V.; Chen, T.A.; Kyburz, B.; Leal, I.M.; Correa-Fernández, V.; Obasi, E.M.; Williams, T.; Casey, K.; O’Connor, D.P.;
et al. Implementation and Outcomes of a Comprehensive Tobacco Free Workplace Program in Opioid Treatment Centers. Int. J.
Environ. Res. Public Health 2021, 19, 239. [CrossRef] [PubMed]

63. Le, K.; Chen, T.A.; Leal, I.M.; Correa-Fernández, V.; Obasi, E.M.; Kyburz, B.; Williams, T.; Casey, K.; Taing, M.; O’Connor, D.P.;
et al. Organizational Factors Moderating Changes in Tobacco Use Dependence Care Delivery Following a Comprehensive
Tobacco-Free Workplace Intervention in Non-Profit Substance Use Treatment Centers. Int. J. Environ. Res. Public Health 2021, 18,
10485. [CrossRef] [PubMed]

64. Eby, L.T.; Laschober, T.C.; Curtis, S.L. Substance Abuse-Specific Knowledge Transfer or Loss? Treatment Program Turnover
versus Professional Turnover among Substance Abuse Clinicians. J. Addict. Dis. 2014, 33, 243–252. [CrossRef] [PubMed]

65. Kelly, J.F.; Fallah-Sohy, N.; Vilsaint, C.; Hoffman, L.A.; Jason, L.A.; Stout, R.L.; Cristello, J.V.; Hoeppner, B.B. New kid on the block:
An investigation of the physical, operational, personnel, and service characteristics of recovery community centers in the United
States. J. Subst. Abus. Treat. 2020, 111, 1–10. [CrossRef]

66. Herschell, A.D.; Kolko, D.J.; Hart, J.A.; Brabson, L.A.; Gavin, J.G. Mixed method study of workforce turnover and evidence-based
treatment implementation in community behavioral health care settings. Child Abuse Negl. 2020, 102, 104419. [CrossRef]

67. Brabson, L.A.; Herschell, A.D.; Kolko, D.J.; Mrozowski, S.J. Associations among Job Role, Training Type, and Staff Turnover in a
Large-Scale Implementation Initiative. J. Behav. Health Serv. Res. 2019, 46, 399–414. [CrossRef]

68. SAS Institute. SAS Institute. SAS Software, Version 9.4. In ODS Graphics Procedures Guide, 3rd ed.; SAS Institute Inc.: Cary, NC,
USA, 2014.

69. LoParco, C.R.; Chen, T.A.; Martinez, L.I.; Britton, M.; Carter, B.J.; Correa-Fernández, V.; Kyburz, B.; Williams, T.; Casey, K.;
Rogova, A.; et al. Organization-Level Factors Associated with Changes in the Delivery of the Five A’s for Smoking Cessation
following the Implementation of a Comprehensive Tobacco-Free Workplace Program within Substance Use Treatment Centers.
Int. J. Environ. Res. Public Health 2022, 19, 11850. [CrossRef] [PubMed]

70. Gaba, F.; Gaba, Q.Q.; Fernando, D.A. How Can We Improve the Delivery of Urology Teaching to Medical Students Using Modern
Educational Techniques? Adv. Med. Educ. Pract. 2022, 13, 777–780. [CrossRef] [PubMed]

71. Koo, E.; McNamara, S.; Lansing, B.; Olmsted, R.N.; Rye, R.A.; Fitzgerald, T.; Mody, L. Making infection prevention education
interactive can enhance knowledge and improve outcomes: Results from the Targeted Infection Prevention (TIP) Study. Am. J.
Infect. Control. 2016, 44, 1241–1246. [CrossRef]

72. Castillo, A.I.; Roos, B.H.; Rosenberg, M.S.; Cartwright, R.A.; Wilson, M.A. Genie: An interactive real-time simulation for teaching
genetic drift. Evo. Edu. Outreach 2022, 15, 3. [CrossRef] [PubMed]

73. Greve, A.; Cooper, E.; Tibon, R.; Henson, R.N. Knowledge is power: Prior knowledge aids memory for both congruent and
incongruent events, but in different ways. J. Exp. Psychol. Gen. 2019, 148, 325–341. [CrossRef]

74. Bidabadi, N.S.; Isfahani, A.N.; Rouhollahi, A.; Khalili, R. Effective Teaching Methods in Higher Education: Requirements and
Barriers. J. Adv. Med. Educ. Prof. 2016, 4, 170–178.

75. Lewis, J.A.; Senft, N.; Chen, H.; Weaver, K.E.; Spalluto, L.B.; Sandler, K.L.; Horn, L.; Massion, P.P.; Dittus, R.S.; Roumie, C.L.; et al.
Evidence-based smoking cessation treatment: A comparison by healthcare system. BMC Health Serv. Res. 2021, 21, 33. [CrossRef]

76. Papadakis, S.; Anastasaki, M.; Papadakaki, M.; Antonopoulou, M.; Chliveros, C.; Daskalaki, C.; Varthalis, D.; Triantafyllou, S.;
Vasilaki, I.; McEwen, A.; et al. ‘Very brief advice’ (VBA) on smoking in family practice: A qualitative evaluation of the tobacco
user’s perspective. BMC Fam. Pract. 2020, 21, 121. [CrossRef]

http://doi.org/10.5993/AJHB.44.6.7
http://doi.org/10.3390/ijerph19137664
http://doi.org/10.3390/ijerph18115764
http://doi.org/10.3390/ijerph182111635
http://doi.org/10.1037/fsh0000658
http://doi.org/10.1177/1524839917696713
http://doi.org/10.3390/ijerph17176154
http://doi.org/10.3390/ijerph19010239
http://www.ncbi.nlm.nih.gov/pubmed/35010499
http://doi.org/10.3390/ijerph181910485
http://www.ncbi.nlm.nih.gov/pubmed/34639785
http://doi.org/10.1080/10550887.2014.950022
http://www.ncbi.nlm.nih.gov/pubmed/25115318
http://doi.org/10.1016/j.jsat.2019.12.009
http://doi.org/10.1016/j.chiabu.2020.104419
http://doi.org/10.1007/s11414-018-09645-1
http://doi.org/10.3390/ijerph191911850
http://www.ncbi.nlm.nih.gov/pubmed/36231153
http://doi.org/10.2147/AMEP.S372242
http://www.ncbi.nlm.nih.gov/pubmed/35928593
http://doi.org/10.1016/j.ajic.2016.03.016
http://doi.org/10.1186/s12052-022-00161-7
http://www.ncbi.nlm.nih.gov/pubmed/36237301
http://doi.org/10.1037/xge0000498
http://doi.org/10.1186/s12913-020-06016-5
http://doi.org/10.1186/s12875-020-01195-w


Int. J. Environ. Res. Public Health 2023, 20, 4013 17 of 17

77. Wray, J.M.; Funderburk, J.S.; Acker, J.D.; Wray, L.O.; Maisto, S.A. A Meta-Analysis of Brief Tobacco Interventions for Use in
Integrated Primary Care. Nicotine Tob. Res. 2018, 20, 1418–1426. [CrossRef] [PubMed]

78. Alba, L.H.; Penãloza, M.; Olejua, P.; Cespedes, E.; Cuevas, V.; Almonacid, I.; Olaya, L.; Becerra, N. Brief counseling for smoking
cessation and alcohol use reduction concomitant with hospital procedures: A randomized clinical trial. Braz. J. Psychiatry 2022,
44, 507–516. [CrossRef] [PubMed]

79. Fu, R.; Kundu, A.; Mitsakakis, N.; Elton-Marshall, T.; Wang, W.; Hill, S.; Bondy, S.J.; Hamilton, H.; Selby, P.; Schwartz, R.; et al.
Machine learning applications in tobacco research: A scoping review. Tob. Control. 2023, 32, 99–109. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1093/ntr/ntx212
http://www.ncbi.nlm.nih.gov/pubmed/29059419
http://doi.org/10.47626/1516-4446-2021-2413
http://www.ncbi.nlm.nih.gov/pubmed/36420908
http://doi.org/10.1136/tobaccocontrol-2020-056438
http://www.ncbi.nlm.nih.gov/pubmed/34452986

	Introduction 
	Materials and Methods 
	Participants and Recruitment 
	Program Implementation 
	Survey Procedures 
	Survey Measures 
	Statistical Analysis 

	Results 
	Provider-Reported Knowledge Barriers with Respect to Treating Patients with Behavioral Counseling and/or Medications 
	Provider-Reported Education Receipt and Intervention Practices 
	Changes in Lack of Knowledge of How to Treat Patients with Counseling as a Moderator of Changes in Provider-Reported Counseling Education Receipt and Associated Intervention Practices over Time 
	Changes in Lack of Knowledge of How to Treat Patients with Medications or Refer Them for Medications as a Moderator of Changes in Provider-Reported Medication Education Receipt and Intervention Practices over Time 

	Discussion 
	Conclusions 
	References

