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Abstract
Background & aim  Smoking is a major risk factor for multiple gastrointestinal cancers, and adversely affects peptic 
ulcer disease, gastroesophageal reflux, pancreatitis and Crohn’s disease. Despite key recommendations for diagnosing 
and treating tobacco use disorder in healthcare settings, the degree to which this is implemented in Gastroenterology 
(GI) clinics is unknown. We aimed to assess our providers’ practices, identify barriers for implementing evidence-
based smoking cessation treatments, and address these barriers by implementing a novel low-burden point of care 
Electronic health record-enabled evidence-based tobacco treatment (ELEVATE), in GI clinics.

Methods  An online survey was distributed to clinic gastroenterologists. ELEVATE module training was implemented 
in 1/2021. Data were evaluated during pre (7/2020-12/2020) and post (1/2021-12/2021) implementation periods to 
evaluate the reach and effectiveness of ELEVATE. Generalized estimating equations (GEE) were used to generate rate 
ratios (RR) to evaluate the intervention.

Results  91% (20/22) of GI physicians responded to our survey, and only 20% often assisted patients who smoke with 
counseling. Lack of a systematic program to offer help to patients was reported by 80% of providers as an extremely/
very important barrier limiting their smoking cessation practices. The proportion of current patients who smoke 
receiving cessation treatment increased from pre-ELEVATE to post-ELEVATE (14.36–27.47%, RR = 1.90, 95% CI 1.60–2.26, 
p < .001). Post-ELEVATE, 14.4% (38/264) of patients with treatment quit smoking, compared to 7.9% (55/697) of 
patients without treatment (RR = 1.89, 95% CI 1.26–2.82, p = .0021).

Conclusion  Smoking practices are frequently assessed in GI clinics but barriers limiting cessation treatment exist. 
The use of a low burden point of care EHR enabled smoking cessation treatment module has led to a significant 
improvement in the treatment of smoking and subsequent cessation in our clinics. This study sheds light on an often 
under-recognized source of morbidity in GI patients and identifies an efficient, effective, and scalable strategy to 
combat tobacco use and improve clinical outcomes in our patients.
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Introduction
Cigarette smoking is the most preventable health haz-
ard in the United States [1], responsible for over 480,000 
deaths annually [2]. About 19% of U.S. adults reported 
current use of a commercial tobacco product in 2020, of 
which cigarette smoking was the most prevalent [3]. Not 
only is smoking associated with an increased risk of can-
cers, cardiovascular and respiratory diseases, it has unfa-
vorable effects in various gastroenterological illnesses.

Smoking is known to be an independent risk factor for 
the development of Crohn’s disease [4, 5], leading to a 
more severe disease phenotype with increased immuno-
suppressant use, hospitalizations, intestinal resection and 
postoperative infection in these patients [6–8]. Moreover, 
smoking cessation does not worsen clinical outcomes in 
ulcerative colitis [9]. Gastroesophageal reflux disease is 
the most common outpatient diagnosis in gastroenter-
ology (GI) clinics [10], and patients who smoke are 2.5 
times more likely to develop this condition than non-
smokers [11]. Peptic ulcer disease (PUD) is the leading 
etiology for GI bleeding [12], the most common inpatient 
GI diagnosis [13], and the prevalence of PUD in patients 
who smoke is doubled that of non-smokers [14]. Acute 
pancreatitis is another leading cause of hospitalizations 
in the U.S., of which patients who smoke are 1.5 times 
more likely to develop [15].

In addition to its role in the development of inflamma-
tory conditions of the GI tract, smoking is implicated in 
the development of several GI cancers. Smoking is associ-
ated with a 1.2 times higher risk of colon cancer [16], 1.6 
times higher risk of gastric cancer [17], 2.2 times higher 
risk of pancreatic cancer [18], and up to 2.6 times higher 
risk of esophageal cancer [17, 19]. Therefore, smoking 
cessation has been shown to be of utmost importance in 
the reduction of the risk of these diseases [20–23].

Smoking cessation is strongly encouraged by the 
American College of Gastroenterology (ACG) guideline 
for Crohn’s disease [24], and is a key quality measure of 
the Merit-based Incentive Payment System (MIPS) for 
Centers for Medicare & Medicaid Services (CMS) [25]. 
Approximately 70% of patients who smoke are inter-
ested in quitting smoking [26], but without evidence-
based counseling or medication treatment the successful 
quit rate is less than 10% [27]. Although providers often 
assume patients lacked interest in treatment, studies have 
shown that there are more patients interested in counsel-
ing and or medications than those receiving them [28, 
29].

The US Public Health Service Clinical Practice Guide-
line Panel recommends the 5  A’s (Ask, Advise, Assess, 
Assist, Arrange) as an evidence-based intervention for 
smoking cessation [27, 30]. The efficacy of the 5 A’s has 
been well established [31–34] and is further aided by 
the advent of the electronic health record (EHR) [35]. 

Evidence-based treatments for smoking cessation include 
behavioral support in the form of advice and counseling, 
nicotine replacement products, and medications [27].

Despite key recommendations and the emergence of 
evidence-based treatments for the management of smok-
ing in healthcare settings, the degree to which this is 
implemented in GI clinics outside of inflammatory bowel 
disease (IBD) patients [36, 37] is unknown. Whereas 
smoking cessation counselors may be occasionally avail-
able in a tertiary medical center, our anecdotal experi-
ence suggests that patients usually do not want to make 
another trip or appointment for smoking cessation coun-
seling. In addition, smoking cessation counseling is not 
reimbursed, and the availability of a smoking cessation 
counselor completely depends on the funding of the posi-
tion. An easy and effective alternative to a smoking ces-
sation counselor is needed for specialists in GI clinics to 
help patients quit smoking.

Electronic Health Record-Enabled Evidence-Based 
Tobacco Treatment (ELEVATE) is an innovative care 
model developed at our medical center to help patients 
quit smoking at the point of care when the traditional 
model of referring patients to smoking cessation coun-
selors is not easily attainable [35, 38, 39]. This point of 
care model, ELEVATE, has been shown to be more cost-
effective than the traditional referral to a smoking ces-
sation specialist model in our oncology clinics where 
the tobacco-cancer link is more salient [40]. However, 
GI patients without a cancer diagnosis may not have the 
same urgency and motivation to quit smoking. In addi-
tion, except for IBD patients, GI providers are guided by 
GI societies to assess and treat smoking, unlike the direct 
recommendations stated in the National Comprehensive 
Cancer Network (NCCN) Clinical Practice Guidelines in 
Oncology (nccn.org). Therefore, it is not clear whether 
the success of this low-burden care model in oncology 
clinics can be extrapolated to patients and providers in 
GI clinics.

In this study, we aimed to (a) assess our providers’ 
practices and identify perceived barriers for implement-
ing evidence-based smoking cessation treatments, and 
(b) implement an evidence-based EHR-assisted point-of-
care smoking cessation module in our GI clinics.

Methods
Design and setting
This is a quality improvement initiative aimed at smoking 
cessation performed at a major tertiary medical center’s 
outpatient GI clinics. A survey was distributed to our 
GI attending physicians with outpatient clinics regard-
ing their smoking cessation care practices and potential 
barriers We then implemented a point of care smoking 
cessation module intervention in our GI clinics, known 
as the Electronic Health Record-Enabled Evidence-Based 
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Tobacco Treatment (ELEVATE) program, and evaluated 
its reach and effectiveness with pre- and post- compari-
sons. Our electronic health record (EHR) system is EPIC 
(Madison, Wisconsin). The data for reach and effective-
ness was extracted from the EHR.

Provider survey
Our GI attending physicians with outpatient clinics were 
invited to anonymously complete an 11-question online 
survey in 2020 that assessed: (1) smoking treatment prac-
tices e.g. (In the past month, how often did you advise 
patients who smoked to quit smoking) on a 5-point Lik-
ert scale (Never, rarely, sometimes, often, always), and (2) 
potential barriers to implementing smoking treatment 
practices. Multiple barriers were listed and providers 
were asked to rate each item separately on a 5-point Lik-
ert scale (not at all important, not so important, some-
what important, very important, extremely important). 
The survey assessed the components of the 5  A’s (Ask, 
Advise, Assess, Assist, Arrange). It was adapted from the 
smoking knowledge, attitudes, and practices (S-KAP) 
instrument [41], and has been validated in a previous 
study [29] (Supplementary Text S1).

Implementation of ELEVATE
Workflow
The ELEVATE intervention has been implemented suc-
cessfully at our Oncology clinics and described in a prior 
publication by Ramsey et al. [35]. ELEVATE leverages 
EPIC EHR functionality to ensure consistent tobacco 
use assessment and cessation treatment support is pro-
vided for all our clinic patients utilizing the 5  A’s, as 
illustrated in Supplementary Fig.  1. ELEVATE has been 
featured by EpicShare as a Share & Learn for implement-
ing tobacco treatment [42]. ELEVATE supports a team-
based approach to activate the medical team including 
medical assistants and physicians. This point of care 
workflow begins when the medical assistant Asks about 
tobacco use and Advises cessation using a brief script: 
“The best thing you can do for your health is quit smok-
ing.” For all patients who smoke and have not been 
offered counseling options in the preceding 90 days, 
a Tobacco Intervention Best Practice Advisory (BPA) 
embedded in the EHR prompts the medical assistant 
to Assess patient motivation and Assist the patient with 
referrals to additional tobacco treatment via phone-based 
(Quitline), SMS text-based (SmokefreeTXT), or smart-
phone app-based (QuitStart) counseling. If phone-based 
or SMS test-based counseling is chosen, the referral will 
be sent electronically by the EHR based on the patient’s 
choice of program. If smartphone app-based counsel-
ing is chosen, directions for application download and 
set-up are printed and provided to the patient. Further-
more, another BPA prompts the physicians to prescribe 

evidence-based tobacco cessation medications (nicotine 
replacement therapy, bupropion, or varenicline). Finally, 
nicotine dependence is added as part of the BPA in the 
problem list for ongoing tracking and follow up point of 
care treatment.

Training
The GI clinic rooming staff (medical assistants) received 
training on how to utilize ELEVATE in the beginning of 
January, 2021. Training consisted of both online and in-
person seminars by our team members, Gastroenterol-
ogy Fellow (S.A.) and Program Manager (N.S.). Based on 
the team-based approach where medical assistants assess 
smoking status, provide brief advice based on a stan-
dardized script, offer referral to additional smoking ces-
sation counseling, and pend the referral order, detailed 
training was provided only to medical assistants. The GI 
clinic physicians were informed about this Quality Initia-
tive and advised to approve the referral orders pended by 
their medical assistants.

Data extraction and outcomes
As part of Quality Improvement, data was extracted 
from EPIC for 6 months prior to ELEVATE training 
(7/2020–12/2020), 6 months post-training (1/2021–
6/2021) and the ensuing 6 months (7/2021 -12/2021) to 
assess sustainability over time. Outcomes were defined 
using the entire EHR data and same criteria as previously 
published [35, 38, 39]. Reach is defined as % of patients 
receiving evidence based treatment (brief advice, refer-
ral to counseling, or pharmacotherapy such as nicotine 
replacement, bupropion or varenicline) among patients 
who smoke. Effectiveness is defined as % of patients who 
quit smoking in the subsequent 6 months among patients 
who smoke (e.g., patients who smoke changed from cur-
rent smoker to former smoker during subsequent health-
care visits).

IRB approval
We submitted our project to the hospital’s institutional 
review board (IRB). As this study was part of a quality 
improvement project and was not designed to answer a 
research question or test a hypothesis, it was not consid-
ered to meet federal definitions and was given an exempt 
determination by the IRB.

Statistical analysis
Data analysis entailed comparisons between pre/post-
ELEVATE implementation proportions of patients 
receiving a tobacco use assessment, patients identified 
as smokers who were given advice about cessation, and 
patients identified as smokers who were prescribed or 
documented as using cessation medications.
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Generalized estimating equations (GEE) were used 
to generate rate ratios (RR) to evaluate the interven-
tion. These GEE modules adjusted for repeated patients 
appearing in different time blocks, as well as demo-
graphic covariates of age, sex, and race.

All statistics were performed using SAS, version 9.3 for 
Microsoft Windows (SAS Institute, Inc. Cary, NC).

Results
Providers’ perspectives: lack of a systematic program to 
offer help
Most (91% 20/22) attending GI physicians responded 
to our anonymous survey regarding smoking cessa-
tion practices in their outpatient clinics, and nearly half 
(45%) of them stated they always asked their patients if 
they smoked. Although 75% of the physicians stated they 
would assess their patients’ willingness to quit at the time 
of the visit more often than not, only 20% often assisted 
patients who smoke with counseling (Figs.  1), 10% had 
ever assisted patients by prescribing smoking cessation 
medications, and 85% rarely or never arranged a follow-
up plan to discuss smoking and quitting. When asked 

about barriers limiting their smoking cessation treatment 
practices, 85% of the providers reported “Patients not 
interested” as an extremely/very important factor, fol-
lowed by the “Lack of a systematic program to outreach 
and offer help to patients who smoke”, reported by 80% of 
providers as an extremely/very important factor (Fig. 1).

Decision support tools (ELEVATE module) led to increased 
tobacco use assessment and treatment
Tobacco use assessment
Out of the 8259 patients who had visited our GI outpa-
tient clinics in the 6 months pre-ELEVATE module train-
ing, 88.9% (7349) were assessed for smoking. This is in 
comparison to 91.5% (7861/8587) of the patients who had 
visited our clinics in the 6 months post-ELEVATE train-
ing (RR = 1.02, 95% CI 1.02–1.03, p < .0001).

Tobacco treatment
Treatment consisting of behavioral support in the form 
of brief advice given, counseling offered or counseling 
referred had significantly increased from 0.6 to 12%, 0.6–
34% and 0.6–8% respectively, post-ELEVATE training 

Fig. 1  Top: Survey Question: In the past month, how frequently did you assist patients who smoke with brief counseling or refer to counseling?
Bottom: Survey Question: Please rate the importance of the following that might limit your smoking cessation treatment practice: Lack of a systematic 
program to outreach and offer help to patients who smoke
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(Table  1). Provision of any treatment increased 91% 
post-ELEVATE training. Here, we note no change in ces-
sation medication prescription as the current initiative 
phase targeted the rooming staff who did not prescribe 
medication.

Decision support tools (ELEVATE module) has sustained 
effect
The effect of ELEVATE on tobacco assessment and treat-
ment (behavioral support) has sustained in these clinics 
not only in the 6 months after implementation (post-
training 1), but also 12 months after the implementa-
tion (post-training 2) (Supplementary Fig. 2 and Fig. 2). 
Specifically, tobacco assessment remains at 96% in post-
training 2, compared to 92% in post-training 1 and 89% 
in the pre-training period. Similarly, the provision of 

behavioral support (brief advice, offer and referral of 
additional counseling options) were 0.7%, 36%, and 39% 
during the pre-training period, post-training 1, and 
post-training 2 respectively. Tobacco assessment and 
behavioral support were both significantly higher in 
post-training 2 compared with the pre-training period 
(96% vs. 89%, RR = 1.07, 95% CI 1.04–1.11, p < .0001 for 
tobacco assessment; 39% vs. 0.7%, RR = 54.93, 95% CI 
26.16-115.37, p < .0001 for behavioral support).

Gastroenterology patients given tobacco treatment had 
more success in smoking cessation
Patients who received treatment had higher success in 
quitting smoking compared to those who did not receive 
treatment. For example, 14.4% (38/264) of patients with 
treatment quit smoking, compared to 7.9% (55/697) 

Table 1  Smoking prevalence and treatment among GI patients pre-ELEVATE module training vs. post-ELEVATE
Pre-ELEVATE train-
ing (7/2020 -12/2020) 
(n = 8259)

Post-ELEVATE train-
ing (1/2021-6/2021) 
(n = 8587)

N n % N n % RR Relative % 
Increase

95%CI p

Assessment 8259 7349 88.98 8587 7861 91.55 1.02 3 1.02–1.03 < 0.0001
Any Treatment* 989 142 14.36 961 264 27.47 1.90 91 1.60–2.26 < 0.0001
Brief Advice 989 6 0.61 961 118 12.28 20.36 1913 8.97–46.24 < 0.0001
Additional Counseling Offered 989 6 0.61 961 326 33.92 55.87 5460 25.07-124.53 < 0.0001
Additional Counseling Referred 989 6 0.61 961 77 8.01 13.70 1213 6.08–30.89 < 0.0001
Medication 989 136 13.75 961 112 11.65 0.84 N/A 0.69–1.03 0.0993
*Any treatment is defined as patients receiving brief advice, medication, additional counseling offered, or additional counseling referred

Fig. 2  Pre/Post-ELEVATE module training tobacco treatment (behavioral support) and sustainability over time
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of patients without treatment in post-training period 
1 (RR = 1.89, 95% CI 1.26–2.82, p = .0021) (Fig.  3). We 
observed an increase in the overall quit rates amongst all 
patients (treated and untreated) in pre vs. post periods, 
although it did not reach statistical significance (8.2% vs. 
9.7%, RR = 1.22, 95% CI 0.95–1.57, p = .12), as the majority 
of patients did not receive any treatment.

Discussion
To our knowledge, this is the first study to assess smok-
ing cessation practices and apply a successful smoking 
cessation treatment program across all outpatient GI 
clinics including sub-specialties such as IBD, hepatology, 
and interventional endoscopy. Evidence-based tobacco 
treatment has been rarely delivered to gastroenterology 
patients despite its clinical benefit based on our survey. 
Our study identified the lack of a systematic program to 
help patients who smoke as an important barrier pre-
venting the delivery of tobacco treatment in GI clinics. 
To address this barrier, we implemented a low-burden 
point-of-care model via EHR-enabled health informat-
ics tools that resulted in a sustained increase in the reach 
of evidence-based tobacco treatment in a large academic 
gastroenterology practice.

Most gastroenterologists want to help patients who 
smoke but face multiple barriers. Lack of patient inter-
est in smoking cessation was reported by 85% of our 
gastroenterologists as a factor limiting cessation treat-
ment, which was perceived as an important barrier and 

previously described by 76% of general practitioners [43] 
and 91% of psychiatrists [29]. Contrary to physician’s per-
ceptions, studies have shown that almost half of patients 
who smoke were interested in quitting while only a few 
of them were on treatment [29, 44]. This perceived lack 
of interest in smoking cessation may partly explain the 
noted difference. Although over two thirds of our gas-
troenterologists usually asked patients about whether 
they smoked, less than half of them consistently advised 
patients to quit smoking, and even less prescribed ces-
sation medications. A similar finding was reported by 
Williams et al. [45], where 80% of providers often asked 
about smoking status but treatment was provided in less 
than 30% of patients who smoke. This is important as a 
Cochrane review of 17 trials noted that patients who 
smoke who received only brief advice to quit from their 
physicians without other treatment were 1.6 times more 
likely to quit than those who did not [46]. In our study, 
we have observed a substantial quit rate (14.4%) among 
patients who received treatment, which is much higher 
than the low (∼ 5%) quitting success rate among individu-
als who try to quit smoking on their own [47].

These findings suggest the promise and impact of effi-
ciently incorporating tobacco treatment into gastroen-
terology care using a team-based approach by including 
team members at all levels. Smoking cessation advice 
does not necessarily need to come from physicians. A 
large Cochrane review with over 17,000 patients high-
lighted the effectiveness of nurses in smoking cessation 

Fig. 3  Post-ELEVATE module training tobacco treatment effectiveness
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counseling [48], and the important role medical assis-
tants play in smoking cessation interventions has been 
well described previously [49, 50]. Therefore, the US 
Public Health Service Clinical Practice Guideline Panel 
recommends a multidisciplinary team approach to smok-
ing cessation interventions that can include physicians, 
nurses, medical assistants, and other team members [27]. 
In our study, smoking cessation advice was delivered 
by medical assistants at the time of rooming, incorpo-
rated into regular workflow and supported by the EHR 
functions.

Clinic staff training is paramount when launching 
smoking cessation interventions, as noted by Sheffer et 
al. where training increased the use of a fax referral pro-
gram more than five folds compared to no training [51], 
and Williams et al. who reported doubling of tobacco use 
assessment post training [44]. ELEVATE module train-
ing was provided to our clinic staff in 1/2021, which led 
to a significant increase in tobacco use assessment, and 
almost twofold increase in tobacco cessation treatment, a 
change that was sustained for up to 1 year after.

Implementing evidence-based treatment will benefit 
from an efficient workflow with decision support enabled 
by health informatics tools. As a low-burden tobacco 
treatment model, ELEVATE results in high reach and 
comparable effectiveness to other care models [38–40, 
52]. The smoking cessation rate with ELEVATE, about 
15%, is comparable to the smoking cessation rate with a 
smoking cessation counselor in the previously published 
studies [53–57].

Patient safety and quality improvement is very impor-
tant but can be costly to implement. The ELEVATE 
program only requires adding an informatics tool to 
the EHR and staff training. It is low cost and does not 
require funding of a smoking cessation counselor. Since 
behavioral support treatment is provided by medical 
assistants during the standard rooming process, it adds 
little to the workload burden of medical assistants. In 
fact, anecdotally our medical assistants appreciated this 
opportunity of contributing to the care of patients. The 
ELEVATE program has been implemented successfully 
in our oncology clinic since 2018, but it was unknown 
whether GI patients without a cancer diagnosis would 
be motivated and receptive to the program. Our findings 
suggest that a systematic approach such as ELEVATE can 
be adapted to GI clinics, and potentially other specialties 
where tobacco use affects clinical outcomes.

In the current medical environment, providers are 
under pressure to see more patients with less time. 
Therefore, low burden programs such as ELEVATE 
should be implemented, evaluated, and improved to help 
to facilitate tobacco treatment for all providers within 
a given clinic. Our study shows how training of medi-
cal assistants using a team approach can significantly 

increase behavioral support treatment for smoking ces-
sation, which includes brief advice given, counseling 
offered and/or referred.

These findings also revealed an important future direc-
tion. The current phase of ELEVATE targeted the room-
ing staff (e.g., medical assistants) and enabled their offer 
of behavioral support during every gastroenterology 
encounter. Behavioral support alone has been shown to 
be effective in smoking cessation, as reported by Carpen-
ter et al. who noted no differences in cessation attempts 
between patients who smoke receiving behavioral sup-
port with nicotine replacement therapy compared to 
those receiving behavioral support only [58], and Ave-
yard et al. who noted an over twofold increase in the 
frequency of quit attempts with behavioral support only 
[59]. Consistent with previous studies, we found an 
almost twofold increase in smoking cessation with treat-
ment after ELEVATE implementation and clinic staff 
straining.

Although the ELEVATE program increased the behav-
ioral supportive treatment for smoking cessation, more 
than half of the patients remained untreated 1 year after 
implementation. Part of the reason could be that the BPA 
is not a hard stop in the workflow. This underscores the 
importance of continued staff training to further increase 
the incorporation of treatment in the workflow of medi-
cal assistants.

Since the ELEVATE program of our GI clinics focused 
at this stage on training medical assistants to provide 
behavioral support treatments, we observed no change 
in the rate of medications prescription, another impor-
tant treatment component for patients who smoke. The 
low medication prescription rate is in line with multiple 
previously reported studies [60–62], and reflects that 
most gastroenterologists may not have the time or be as 
comfortable prescribing these medications, a potential 
leverage point for future tobacco interventions. At the 
next stage, we plan to further expand the EHR algorithm 
to incorporate prescribing medical therapies for smoking 
cessation.

Another important aspect of ELEVATE is its cost-
effectiveness potential. The cost of ELEVATE is ∼$70 
per patient and reducing when it is scaled up to more 
clinics with minimal cost increase because it relies on 
regular staff to provide point of care tobacco treatment. 
ELEVATE is the most cost-effective program among 
many tobacco programs in the cost effectiveness analyses 
for tobacco programs in the Cancer Moonshot Initiative 
[40, 63]. In gastroenterology, the cost saved by smoking 
cessation in a patient with Crohn’s disease for example, 
is estimated to be in the range >$1,000 per patient given 
tobacco-related treatment failure, hospitalizations, and 
surgeries [64].
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The results of our study should be interpreted in the 
context of several limitations. First, as with any study 
with surveys, there is a potential for recall bias. However, 
we limited our questions to only one month prior to the 
survey, and provided answer options in an ordinal scale, 
rather than requiring exact quantitative answers. Second, 
our intervention was implemented in a single institution’s 
GI clinics, and thus the results may differ when applied 
in other clinics with different patient populations. How-
ever we do not believe this would alter our results signifi-
cantly, as the ELEVATE module has been implemented in 
our institution’s oncology clinics, with similar increases 
in tobacco treatment reach and effectiveness [38]. Third, 
this was not a randomized trial with control clinics with-
out the intervention, therefore we cannot rule out the 
influence of temporal trends such as COVID-19’s effect 
on increased smoking cessation, although current litera-
ture suggests an increase in tobacco use during Covid-
19 related to overall increase of isolation and stress [65]. 
Fourth, the outcome of smoking cessation effectiveness 
was captured by the EHR smoking status of which accu-
racy can be limited due to patient self-report, room-
ing staff documentation, and update frequency in busy 
healthcare settings. We have tried to minimize this bias 
in training the rooming staff for the workflow to “assess” 
smoking status in every encounter instead of “keeping” 
the documented smoking status from prior encounters. 
To reduce this bias, we have emphasized this workflow in 
our recurrent training for the rooming staff and ongoing 
monitoring of the EHR data that shows actual transition 
of smoking status from encounter to encounter. Fifth, 
we have coded treatment as positive if patients received 
treatment in any of the encounters during that time 
frame and it’s possible for patients to receive tobacco 
treatment repeatedly in more than one encounter. Future 
research should evaluate the frequency of treatment and 
its potential dose response effect on patient outcomes. 
Sixth, we have not controlled for patients’ socioeconomic 
status which potentially influence patients’ receipt of 
tobacco treatment. Finally, smoking cessation was not 
verified biochemically, albeit validation is not typically 
required in low intensity non-trial and large EHR-based 
interventions such as this study [66]. 

In summary, this study examined smoking cessation 
practices in a large tertiary center’s GI clinics, identi-
fied potential barriers to treatment, and implemented an 
EHR enabled evidence-based smoking cessation treat-
ment program. ELEVATE program is effective, low cost, 
sustainable, and can be applied to GI clinics, ultimately 
improving clinical outcomes in our patients.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12913-024-11092-y.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Acknowledgements
Not applicable.

Author contributions
SA - study conception and design, data interpretation, drafting and revising 
the article, final approval of the manuscript; LC - study conception and design, 
data acquisition, revising the article, final approval of the manuscript; JC - data 
acquisition, analysis and interpretation, revising the article, final approval of 
the manuscript; NS - study conception and design, revising the article, final 
approval of the manuscript; GP - data analysis and interpretation, revising the 
article, final approval of the manuscript; CHC - study conception and design, 
data interpretation, drafting and revising the article, final approval of the 
manuscript.

Funding
Li-Shiun Chen was supported by the National Cancer Institute R01CA268030, 
P30CA091842-19S5, P30CA091842-16S2, P50 CA244431, by the National 
Institute on Drug Abuse R01DA038076, by the Alvin J. Siteman Cancer Center’s 
Investment Program 5129- Barnard Trust and The Foundation of Barnes-Jewish 
Hospital Cancer Frontier Fund.

Data availability
The datasets generated and/or analysed during the current study are not 
publicly available as they were generated from our institution’s electronic 
medical record, but are available from the corresponding author on 
reasonable request.

Declarations

Ethics approval and consent to participate
A waiver of approval and informed consent was granted as the project was 
given exempt determination by the Washington University in St. Louis’s 
institutional review board. All methods were carried out in accordance with 
relevant guidelines and regulations in the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 24 April 2023 / Accepted: 8 May 2024

References
1.	 Schroeder SA. New evidence that cigarette smoking remains the most 

important health hazard. N Engl J Med. 2013;368(4):389–90.
2.	 Health UDo, Services H. The health consequences of smoking—50 years of 

progress: a report of the Surgeon General. Atlanta, GA: US Department of 
Health and Human Services, Centers for Disease &; 2014.

3.	 Cornelius ME, Loretan CG, Wang TW, Jamal A, Homa DM. Tobacco product 
use among adults - United States, 2020. MMWR Morb Mortal Wkly Rep. 
2022;71(11):397–405.

4.	 Somerville KW, Logan RF, Edmond M, Langman MJ. Smoking and Crohn’s 
disease. Br Med J (Clin Res Ed). 1984;289(6450):954–6.

5.	 Ananthakrishnan AN. Environmental risk factors for inflammatory bowel 
disease. Gastroenterol Hepatol (N Y). 2013;9(6):367–74.

6.	 Seksik P, Nion-Larmurier I, Sokol H, Beaugerie L, Cosnes J. Effects of light 
smoking consumption on the clinical course of Crohn’s disease. Inflamm 
Bowel Dis. 2009;15(5):734–41.

https://doi.org/10.1186/s12913-024-11092-y
https://doi.org/10.1186/s12913-024-11092-y


Page 9 of 10Abushamma et al. BMC Health Services Research          (2024) 24:752 

7.	 To N, Gracie DJ, Ford AC. Systematic review with meta-analysis: the adverse 
effects of tobacco smoking on the natural history of Crohn’s disease. Aliment 
Pharmacol Ther. 2016;43(5):549–61.

8.	 Alexakis C, Saxena S, Chhaya V, Cecil E, Majeed A, Pollok R. Smoking status at 
diagnosis and subsequent smoking cessation: associations with cortico-
steroid use and intestinal resection in Crohn’s disease. Am J Gastroenterol. 
2018;113(11):1689–700.

9.	 Blackwell J, Saxena S, Alexakis C, Bottle A, Cecil E, Majeed A, et al. The impact 
of smoking and smoking cessation on disease outcomes in ulcerative 
colitis: a nationwide population-based study. Aliment Pharmacol Ther. 
2019;50(5):556–67.

10.	 Peery AF, Dellon ES, Lund J, Crockett SD, McGowan CE, Bulsiewicz WJ, et al. 
Burden of gastrointestinal disease in the United States: 2012 update. Gastro-
enterology. 2012;143(5):1179–e873.

11.	 Eslick GD, Talley NJ. Gastroesophageal reflux disease (GERD): risk factors, 
and impact on quality of life-a population-based study. J Clin Gastroenterol. 
2009;43(2):111–7.

12.	 Feinman M, Haut ER. Upper gastrointestinal bleeding. Surg Clin. 
2014;94(1):43–53.

13.	 Peery AF, Crockett SD, Barritt AS, Dellon ES, Eluri S, Gangarosa LM, et al. 
Burden of gastrointestinal, liver, and pancreatic diseases in the United States. 
Gastroenterology. 2015;149(7):1731–e413.

14.	 Garrow D, Delegge MH. Risk factors for gastrointestinal ulcer disease in the 
US population. Dig Dis Sci. 2010;55(1):66–72.

15.	 Ye X, Lu G, Huai J, Ding J. Impact of smoking on the risk of pancreatitis: a 
systematic review and meta-analysis. PLoS ONE. 2015;10(4):e0124075.

16.	 Botteri E, Iodice S, Bagnardi V, Raimondi S, Lowenfels AB, Maisonneuve P. 
Smoking and colorectal cancer: a meta-analysis. JAMA. 2008;300(23):2765–78.

17.	 Steevens J, Schouten LJ, Goldbohm RA, van den Brandt PA. Alcohol con-
sumption, cigarette smoking and risk of subtypes of oesophageal and gastric 
cancer: a prospective cohort study. Gut. 2010;59(1):39–48.

18.	 Bosetti C, Lucenteforte E, Silverman DT, Petersen G, Bracci PM, Ji BT, et al. 
Cigarette smoking and pancreatic cancer: an analysis from the Interna-
tional Pancreatic Cancer Case-Control Consortium (Panc4). Ann Oncol. 
2012;23(7):1880–8.

19.	 Cook MB, Kamangar F, Whiteman DC, Freedman ND, Gammon MD, Bernstein 
L, et al. Cigarette smoking and adenocarcinomas of the esophagus and 
esophagogastric junction: a pooled analysis from the international BEACON 
consortium. J Natl Cancer Inst. 2010;102(17):1344–53.

20.	 Chao A, Thun MJ, Jacobs EJ, Henley SJ, Rodriguez C, Calle EE. Cigarette smok-
ing and colorectal cancer mortality in the cancer prevention study II. J Natl 
Cancer Inst. 2000;92(23):1888–96.

21.	 Yadav D, Lowenfels AB. The epidemiology of pancreatitis and pancreatic 
cancer. Gastroenterology. 2013;144(6):1252–61.

22.	 Severs M, Mangen MJ, van der Valk ME, Fidder HH, Dijkstra G, van der Have 
M, et al. Smoking is associated with higher disease-related costs and lower 
health-related quality of life in inflammatory bowel disease. J Crohns Colitis. 
2017;11(3):342–52.

23.	 Ness-Jensen E, Lindam A, Lagergren J, Hveem K. Tobacco smoking cessation 
and improved gastroesophageal reflux: a prospective population-based 
cohort study: the HUNT study. Am J Gastroenterol. 2014;109(2):171–7.

24.	 Lichtenstein GR, Loftus EV, Isaacs KL, Regueiro MD, Gerson LB, Sands BE. ACG 
clinical guideline: management of Crohn’s disease in adults. Official J Am Coll 
Gastroenterol | ACG. 2018;113(4):481–517.

25.	 Quality ID #226 (NQF 0028). Preventive care and screening: tobacco use: 
screening and cessation intervention. 2020.

26.	 Quitting smoking among adults–United States. 2001–2010. MMWR Morb 
Mortal Wkly Rep. 2011;60(44):1513–9.

27.	 Treating tobacco use and dependence. 2008 update U.S. Public Health 
Service Clinical Practice Guideline executive summary. Respir Care. 
2008;53(9):1217–22.

28.	 Pipe A, Sorensen M, Reid R. Physician smoking status, attitudes toward smok-
ing, and cessation advice to patients: an international survey. Patient Educ 
Couns. 2009;74(1):118–23.

29.	 Chen LS, Baker T, Brownson RC, Carney RM, Jorenby D, Hartz S, et al. 
Smoking cessation and electronic cigarettes in community mental health 
centers: patient and provider perspectives. Community Ment Health J. 
2017;53(6):695–702.

30.	 Fiore MC, Baker TB. Treating smokers in the health care setting. N Engl J Med. 
2011;365(13):1222–31.

31.	 Andrews JO, Tingen MS, Waller JL, Harper RJ. Provider feedback improves 
adherence with AHCPR smoking cessation guideline. Prev Med. 
2001;33(5):415–21.

32.	 Bentz CJ, Bayley KB, Bonin KE, Fleming L, Hollis JF, Hunt JS, et al. Provider feed-
back to improve 5A’s tobacco cessation in primary care: a cluster randomized 
clinical trial. Nicotine Tob Res. 2007;9(3):341–9.

33.	 Dixon LB, Medoff D, Goldberg R, Lucksted A, Kreyenbuhl J, DiClemente C, et 
al. Is implementation of the 5 A’s of smoking cessation at community mental 
health centers effective for reduction of smoking by patients with serious 
mental illness? Am J Addict. 2009;18(5):386–92.

34.	 Papadakis S, McDonald P, Mullen KA, Reid R, Skulsky K, Pipe A. Strate-
gies to increase the delivery of smoking cessation treatments in pri-
mary care settings: a systematic review and meta-analysis. Prev Med. 
2010;51(3–4):199–213.

35.	 Ramsey AT, Chiu A, Baker T, Smock N, Chen J, Lester T, et al. Care-paradigm 
shift promoting smoking cessation treatment among cancer center patients 
via a low-burden strategy, electronic health record-enabled evidence-based 
smoking cessation treatment. Transl Behav Med. 2020;10(6):1504–14.

36.	 Soulakova JN, Su LC, Crockett LJ. Smokers’ reports on receiving a doctor’s 
advice to quit smoking; receiving the advice is more prevalent among smok-
ers with Crohn’s disease relative to smokers with ulcerative colitis. Prev Med 
Rep. 2020;18:101091.

37.	 Nunes T, Etchevers MJ, Merino O, Gallego S, García-Sánchez V, Marín-Jiménez 
I, et al. High smoking cessation rate in Crohn’s disease patients after physician 
advice – the TABACROHN study. J Crohn’s Colitis. 2013;7(3):202–7.

38.	 Craig EJ, Ramsey AT, Baker TB, James AS, Luke DA, Malone S et al. Point of care 
tobacco treatment sustains during COVID-19, a global pandemic. Cancer 
Epidemiol. 2021:102005.

39.	 Ramsey AT, Baker TB, Stoneking F, Smock N, Chen J, Pham G, et al. Increased 
reach and effectiveness with a low-burden point-of-care tobacco treatment 
program in cancer clinics. J Natl Compr Canc Netw. 2022;20(5):488–e954.

40.	 Salloum RG, D’Angelo H, Theis RP, Rolland B, Hohl S, Pauk D, et al. Mixed-
methods economic evaluation of the implementation of tobacco treatment 
programs in National Cancer Institute-designated cancer centers. Implement 
Sci Commun. 2021;2(1):41.

41.	 Delucchi KL, Tajima B, Guydish J. Development of the smoking knowledge, 
attitudes, and practices (S-KAP) instrument. J Drug Issues. 2009;39(2):347–64.

42.	 2023 [Available from: https://www.epicshare.org/share-and-learn/
bjc-healthcare-smoking-cessation

43.	 Coleman T, Wilson A. Anti-smoking advice in general practice consultations: 
general practitioners’ attitudes, reported practice and perceived problems. Br 
J Gen Pract. 1996;46(403):87–91.

44.	 Williams JM, Miskimen T, Minsky S, Cooperman NA, Miller M, Budsock PD, et 
al. Increasing tobacco dependence treatment through continuing education 
training for behavioral health professionals. Psychiatr Serv. 2015;66(1):21–6.

45.	 Williams JM, Steinberg ML, Zimmermann MH, Gandhi KK, Lucas GE, Gon-
salves DA, et al. Training psychiatrists and advanced practice nurses to treat 
tobacco dependence. J Am Psychiatr Nurses Assoc. 2009;15(1):50–8.

46.	 Stead LF, Bergson G, Lancaster T. Physician advice for smoking cessation. 
Cochrane Database Syst Rev. 2008(2):Cd000165.

47.	 Hartmann-Boyce J, Lancaster T, Stead LF. Print-based self-help interventions 
for smoking cessation. Cochrane Database Syst Rev. 2014(6):Cd001118.

48.	 Rice VH, Hartmann-Boyce J, Stead LF. Nursing interventions for smoking ces-
sation. Cochrane Database Syst Rev. 2013(8):Cd001188.

49.	 Md DAK, Brown RB, Muehlenbruch DR, Fiore MC, Baker TB. Implementing 
guidelines for smoking cessation: comparing the efforts of nurses and medi-
cal assistants. Am J Prev Med. 2004;27(5):411–6.

50.	 Pine D. How I learned to help my patients stop smoking. Fam Med. 
2019;51(7):611–2.

51.	 Sheffer MA, Baker TB, Fraser DL, Adsit RT, McAfee TA, Fiore MC. Fax referrals, 
academic detailing, and tobacco quitline use: a randomized trial. Am J Prev 
Med. 2012;42(1):21–8.

52.	 D’Angelo H, Ramsey AT, Rolland B, Chen LS, Bernstein SL, Fucito LM, et al. 
Pragmatic application of the RE-AIM framework to evaluate the implementa-
tion of tobacco cessation programs within NCI-designated cancer centers. 
Front Public Health. 2020;8:221.

53.	 Implementation science to improve tobacco cessation services in oncology 
care. J Natl Compr Canc Netw. 2021;19(Suppl1):S12–5.

54.	 Palmer AM, Rojewski AM, Chen LS, Fucito LM, Galiatsatos P, Kathuria H, et al. 
Tobacco treatment program models in US hospitals and outpatient centers 
on behalf of the SRNT treatment network. Chest. 2021;159(4):1652–63.

https://www.epicshare.org/share-and-learn/bjc-healthcare-smoking-cessation
https://www.epicshare.org/share-and-learn/bjc-healthcare-smoking-cessation


Page 10 of 10Abushamma et al. BMC Health Services Research          (2024) 24:752 

55.	 Chen LS, Baker TB, Miller JP, Bray M, Smock N, Chen J, et al. Genetic vari-
ant in CHRNA5 and response to varenicline and combination nicotine 
replacement in a randomized placebo-controlled trial. Clin Pharmacol Ther. 
2020;108(6):1315–25.

56.	 Baker TB, Piper ME, Stein JH, Smith SS, Bolt DM, Fraser DL, et al. Effects of 
nicotine patch vs varenicline vs combination nicotine replacement therapy 
on smoking cessation at 26 weeks: a randomized clinical trial. JAMA. 
2016;315(4):371–9.

57.	 Baker TB, Piper ME, Smith SS, Bolt DM, Stein JH, Fiore MC. Effects of combined 
varenicline with nicotine patch and of extended treatment duration on 
smoking cessation: a randomized clinical trial. JAMA. 2021;326(15):1485–93.

58.	 Carpenter MJ, Hughes JR, Solomon LJ, Callas PW. Both smoking reduction 
with nicotine replacement therapy and motivational advice increase future 
cessation among smokers unmotivated to quit. J Consult Clin Psychol. 
2004;72(3):371–81.

59.	 Aveyard P, Begh R, Parsons A, West R. Brief opportunistic smoking cessation 
interventions: a systematic review and meta-analysis to compare advice to 
quit and offer of assistance. Addiction. 2012;107(6):1066–73.

60.	 Sherman SE, Takahashi N, Kalra P, Gifford E, Finney JW, Canfield J, et al. Care 
coordination to increase referrals to smoking cessation telephone counsel-
ing: a demonstration project. Am J Manag Care. 2008;14(3):141–8.

61.	 Mathias JS, Didwania AK, Baker DW. Impact of an electronic alert and 
order set on smoking cessation medication prescription. Nicotine Tob Res. 
2012;14(6):674–81.

62.	 Linder JA, Rigotti NA, Schneider LI, Kelley JH, Brawarsky P, Haas JS. An 
electronic health record-based intervention to improve tobacco treatment 
in primary care: a cluster-randomized controlled trial. Arch Intern Med. 
2009;169(8):781–7.

63.	 Pluta K, Hohl SD, D’Angelo H, Ostroff JS, Shelley D, Asvat Y, et al. Data envelop-
ment analysis to evaluate the efficiency of tobacco treatment programs in 
the NCI Moonshot Cancer Center Cessation Initiative. Implement Sci Com-
mun. 2023;4(1):50.

64.	 Coward S, Heitman SJ, Clement F, Negron M, Panaccione R, Ghosh S, et al. 
Funding a smoking cessation program for Crohn’s disease: an economic 
evaluation. Am J Gastroenterol. 2015;110(3):368–77.

65.	 Nagawa CS, Ito Fukunaga M, Faro JM, Liu F, Anderson E, Kamberi A, et al. 
Characterizing pandemic-related changes in smoking over time in a cohort 
of current and former smokers. Nicotine & Tobacco Research; 2022.

66.	 Biochemical verification of tobacco use and cessation. Nicotine Tob Res. 
2002;4(2):149–59.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Enabling tobacco treatment for gastroenterology patients via a novel low-burden point-of-care model
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Design and setting
	﻿Provider survey
	﻿Implementation of ELEVATE
	﻿Workflow
	﻿Training
	﻿Data extraction and outcomes


	﻿IRB approval
	﻿Statistical analysis
	﻿Results
	﻿Providers’ perspectives: lack of a systematic program to offer help
	﻿Decision support tools (ELEVATE module) led to increased tobacco use assessment and treatment
	﻿Tobacco use assessment
	﻿Tobacco treatment


	﻿Decision support tools (ELEVATE module) has sustained effect
	﻿Gastroenterology patients given tobacco treatment had more success in smoking cessation
	﻿Discussion
	﻿References


