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Abstract

Introduction

Smoking is a strong risk factor for disease severity in Crohn’s disease (CD) and cessation

improves outcomes. The nicotine metabolite ratio (NMR) predicts cessation success with

pharmacotherapy: varenicline doubles cessation over nicotine replacement therapy (NRT)

for “normal”, but not “slow” metabolizers. Varenicline side effects are heightened in slow

metabolizers. Methods using NMR to optimize cessation pharmacotherapy have not been

evaluated in CD.

Aims

We aim to determine the prevalence of smoking in a CD population and then assess these

smokers’ attitudes toward a personalized metabolism-informed care (MIC) approach to

cessation.

Methods

In this observational study, we surveyed 1098 patients visiting an inflammatory bowel dis-

ease center about their smoking history. We then evaluated a subgroup of individuals with

CD (n = 32) who participated in a randomized controlled trial of smoking cessation using

MIC versus usual care. For MIC, medication selection was informed by the NMR (normal

�0.31 vs. slow <0.31). The primary outcomes were intervention satisfaction and match

rates between NMR and medication choice.
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Results

The baseline prevalence of smoking in our CD population was 13%. Intervention partici-

pants reported high rates of satisfaction (85%) and chose a medication that matched their

NMR result more often in the MIC group (100% vs. 64%, p = 0.01). Six of 16 (37.5%)

patients prescribed varenicline discontinued due to side effects.

Conclusion

MIC produced high rates of satisfaction and matching between NMR and medication in CD

patients, supporting patient acceptance and feasibility of precision smoking cessation in this

population. To reduce smoking in CD, therapies such as MIC are needed to maximize effi-

cacy and minimize side effects.

Introduction

Inflammatory bowel disease (IBD), including Crohn’s disease (CD) and ulcerative colitis (UC)

are chronic relapsing and remitting inflammatory disorders of the bowel that affect 1.6 million

people in the US alone [1]. Tobacco use is associated with an increased risk of developing CD,

and is a strong risk factor for disease severity in established CD [2, 3]. Individuals with CD

who smoke have more frequent relapses [4–6], suffer more complications [7], and require sur-

gery more often than those who do not smoke [8, 9]. CD smokers require more immunosup-

pressive therapy to control their disease [10], and have higher disease related costs than non-

smokers [11].

Several studies have shown that smoking cessation improves disease course in CD [12–14],

but little has been studied about smoking cessation methods, particularly, the feasibility of a

metabolism-informed approach in patients with CD. Both U.S. and European IBD guidelines

recommend identifying smokers and actively promoting smoking cessation in CD patients

[15–17]. Currently, however, there are no recommendations about how to specifically incor-

porate smoking cessation pharmacotherapy into CD care. Not surprisingly, rates of successful

smoking cessation in individuals with CD remain low with published rates ranging from 12–

37% [13, 18–20].

Effective, inexpensive, and safe cessation aids are readily available for smoking cessation in

the general population. There are three FDA approved medications to assist with smoking ces-

sation (nicotine replacement therapy, varenicline, and bupropion). Nicotine replacement ther-

apy (NRT) replaces nicotine to reduce cravings in a variety of forms such as patches, gum, or

lozenges [21]. NRT is affordable, has few side effects, and is available over the counter. Bupro-

pion is a norepinephrine dopamine reuptake inhibitor used both as an antidepressant and

smoking cessation aid [22]. Varenicline is a partial nicotinic acetylcholine receptor agonist

[23]. All 3 agents have each been shown to improve quit rates compared to placebo [21–24],

but varenicline in combination with behavioral therapy is the most effective method [25, 26].

To our knowledge, no studies have examined varenicline use specifically in a CD popula-

tion. The lack of information on this medication is particularly relevant in the CD population

because many common side effects of varenicline, including nausea, insomnia, and mood dis-

turbances, are also frequently seen in CD [26]. Although generally well tolerated, up to 30% of

those who take varenicline experience nausea, 12% experience abnormal dreams, 10% experi-

ence insomnia, and approximately 4% report a neuropsychiatric side effect such as agitation or

mood disturbance [26].
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Smoking cessation is a rapidly progressing field with recent advancements in precision

approaches to cessation therapy based on metabolism informed care (MIC). Recent smoking

literature notes that an individual’s rate of nicotine metabolism predicts nicotine dependence,

cessation success, and outcomes with pharmacotherapy [27–32]. Nicotine is metabolized by

the cytochrome P450 enzyme CYP2A6 to cotinine and subsequently 3-hydroxycotine. The

nicotine metabolite ratio (NMR) is the ratio of nicotine breakdown products 3-hydroxycoti-

nine to cotinine and is a biomarker of the rate of nicotine metabolism [33]. In a pivotal ran-

domized controlled trial, smokers who are “normal” metabolizers of nicotine (NMR

value� 0.31) demonstrated a two-fold improvement in cessation rates when treated with vare-

nicline. In this study, 4.9 normal metabolizers needed to be treated with varenicline for one

cessation event whereas 26 had to be treated with NRT for each cessation event [34]. By con-

trast, cessation rates were equal (number needed to treat of 8.1 for varenicline and 10.3 for

NRT patch for each cessation) with varenicline and NRT in “slow” metabolizers (NMR

value < 0.31). Slow metabolizers also reported more side effects with varenicline compared to

placebo [34]. These findings provide a rationale for MIC, an approach that matches normal

metabolizers with non-nicotine-based therapy (preferably varenicline) and slow metabolizers

with NRT patch. Due to the increased risk of disease complications with continued smoking,

the CD population is ideal for a metabolism-based approach for smoking cessation.

Precision methods such as MIC are the future of smoking cessation and it is important to

evaluate whether distinct, high risk populations such as CD patients are accepting of these

therapies. For this reason, we sought to determine the feasibility, acceptance, and tolerance of

metabolism informed smoking cessation therapy specifically within the CD population. Our

first aim was to determine the current prevalence of smoking in a CD population through an

observational cohort. Our second aim was to then assess smokers’ attitudes toward a personal-

ized metabolism-informed approach to smoking cessation in an IBD center by quantifying the

extent to which MIC improves the match rates between NMR and pharmacotherapy as com-

pared to usual care in CD patients enrolled into a pilot randomized controlled trial. As second-

ary endpoints, we evaluated self-reported rates of medication use, decrease in cigarette

consumption, and self-reported side effects associated with smoking cessation medications in

each group.

Methods

Initial survey

Before beginning a precision smoking cessation intervention, we first sought to determine the

ongoing prevalence of smoking in our IBD population. We analyzed the self-reported smoking

status of 1098 consecutive individuals seen in the IBD center at Vanderbilt University Medical

Center from October 2015 until January 2016. The IBD center is a tertiary care subspecialty

clinic which sees approximately 6,500 patients with Crohn’s disease and ulcerative colitis. As

part of usual care, individuals were asked to self-report if they were currently smoking, were a

former smoker, or had never smoked. We recorded the diagnosis for each patient as assigned

by the treating physician. For each patient with CD, we obtained clinical disease activity by the

Harvey Bradshaw index (HBI) [35], IBD specific health related quality of life by the Short IBD

Questionnaire (SIBDQ) [36], and depression screening with the Patient Health Questionnaire

(PHQ-9) [37].

Trial design

Based on the high prevalence of smoking observed in our initial survey, starting in June 2016

daily smokers with CD (n = 32) were recruited from the IBD center as part of a larger pilot
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study of MIC in chronic disease [38]. Written informed consent was obtained. The parent

study was registered with ClinicalTrials.gov (identifier NCT03227679). Registration was ini-

tially delayed but the trial was registered as soon as the study team became aware of the delay.

The authors confirm that all ongoing and related trials are registered. Here we analyze only the

subset of patients with CD to investigate the feasibility of a personalized smoking cessation

program specifically in a CD population.

Ethical considerations

The study protocols were approved by the Vanderbilt University Medical Center Institutional

Review Board (IRB # 151110 for smoking prevalence study approved on 8/17/2015 and IRB

#160560 for MIC intervention approved on 5/4/2016). All methods were performed in accor-

dance with relevant guidelines and regulations for human subject research. Data collection for

IRB #151110 ran from 10/1/2015 to 1/21/2016. Enrollment for IRB #160560 began on 6/13/

2016 and was completed 9/27/2016. The last follow up was competed 4/3/2017.

Eligibility for smoking cessation intervention

IBD center patients who reported active smoking as part of their clinic intake screening were

approached in person by study staff for eligibility screening and consent. Eligible subjects

included adult (>18 years of age) daily smokers (�5 cigarettes per day) seen in the IBD clinic

who had no contraindications to taking at least two out of three smoking cessation medica-

tions (bupropion, varenicline, or NRT). Contraindications to each medication are listed in S1

Table. Exclusion criteria included the inability to give informed consent; serious psychiatric

condition as defined by hospitalization for a psychiatric condition in the past year; unstable

substance use disorder (e.g., alcohol dependence, opioid dependence) requiring hospitaliza-

tion in the past year; seizure disorder; life expectancy <12 months; pregnant or breastfeeding;

no access to a telephone or inability to communicate by telephone; or unable to speak and read

English. Stable depression was not excluded. Because levels of nicotine metabolites fall below

detection over time, patients who had been completely abstinent from cigarettes for>3 days

were excluded.

Intervention and medication provisions

All participants had blood drawn for nicotine metabolite measurement (ARUP laboratories;

Salt Lake City, Utah). Serum nicotine metabolite testing is inexpensive and widely available.

All participants received a telephone-based cessation intervention 1–2 weeks after enrollment

from an IBD physician (D.B.B or E.A.S). Participants in both treatment groups received smok-

ing cessation in the form of motivational interviewing, information about all 3 FDA approved

smoking cessation aids, and referral to a free telephone cessation line (Quitline) from the IBD

physician. Tobacco Quitlines are telephone or internet-based counseling services that are

available free of charge in every state in the U.S. as well as many European countries [39, 40].

In the usual care group, participants were educated regarding smoking cessation medications,

including efficacy and common side effects, and co-selected a medication with the IBD physi-

cian from those they were medically eligible to receive. In the usual care group both the IBD

physician and participant were blinded to the NMR status. Procedures for the MIC arm were

identical to usual care except the IBD physician was un-blinded to the NMR value and recom-

mended NMR-informed choice of pharmacotherapy. Slow nicotine metabolizers

(NMR < 0.31) were recommended NRT. Normal nicotine metabolizers (NMR� 0.31) were

recommended a non-nicotine based method (varenicline as first line or bupropion if not med-

ically eligible for varenicline) [34]. MIC participants were made aware of the NMR results and
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the metabolism-based recommendation, but could choose any medication for which they were

medically eligible. All participants in both groups were provided a 90-day supply of whichever

medication (varenicline, bupropion, or NRT) was chosen.

Outcomes and follow up

Upon enrollment, patients were given an initial survey detailing smoking history, smoking

related traits (e.g. smoking intensity, measures of addiction, use of other tobacco products).

Follow-up assessments were conducted at 1-month, 3-months, and 6-months after enrollment.

Follow-up assessments included self-reported confidence to quit smoking, medication use,

7-day point-prevalence abstinence and/or cigarette consumption, satisfaction with care

received in the study, and a symptom/side effect survey.

Randomization

As part of the parent study, patients were randomly assigned in a 1:1 ratio to either usual care

or MIC by stratified permuted block in blocks of 10. Randomization was stratified by cigarettes

per day (greater than or less than or equal to 10 cigarettes per day). The randomization was

assigned by computer generation at enrollment within our secure REDCap database. Random-

ization was not concealed to participants or researchers as NMR lab values were used for medi-

cation selection only in the MIC group. One patient was not randomized due to the NMR lab

not being available due to lab error. This participant completed initial surveys but was

excluded from further participation and analysis. One additional patient was randomized but

could not be contacted to discuss medication options. Due to the small size of our pilot study,

we report per protocol analysis of this randomized individual.

Statistical analysis

Categorical variables were reported using percentages and compared using the Chi-squared

with Fisher’s exact test applied when appropriate. Continuous variables were reported using

mean and standard deviation and compared using the Mann-Whitney U test for two compari-

sons or the Kruskal-Wallis test for 3 or more comparisons. Paired analysis between baseline

and 6 months was performed using the Wilcoxon Signed-rank test. All analysis was performed

using STATA version 14.2 (StataCorp, College Station, TX).

Results

Prevalence and characteristics of self-reported smokers with Crohn’s

disease

Prior to the initiation of our randomized intervention we desired to define the prevalence of

smoking in our IBD population. Of 1098 consecutive patients surveyed, 761 (69.3%) had CD,

326 (29.7%) had UC, and 11 (1.0%) had indeterminate colitis. A total of 110 (10%) patients

were active smokers with 97 (88.2% of all smokers) having a diagnosis of CD. The distribution

of active smokers by diagnosis is shown in Fig 1.

The characteristics of CD smokers compared with non-smokers are shown in Table 1. Cur-

rent and former smokers were older than never smokers. Clinical CD activity, by the HBI, and

depressive symptoms, by the PHQ-9 score, were significantly higher in active smokers. Health

related quality of life, by SIBDQ score, was significantly decreased in active smokers.
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NMR intervention study population

After observing a high ongoing prevalence of smoking in CD despite usual care, we recruited a

total of 32 smokers with CD to participate in a pilot study of MIC guided by NMR. The flow of

participants in this study is shown in Fig 2.

Overall, 22 (71.0%) enrolled patients completed the 1-month follow up, 21 (67.7%) com-

pleted 3-month follow up, and 22 (71.0%) completed 6-month follow up. Five (16.1%) patients

did not respond to telephone surveys, but on review of medical records, none self-reported

smoking cessation to their providers during the study follow up. Table 2 shows baseline char-

acteristics of CD patients who participated in the randomized intervention. Nicotine metabo-

lites were detected in all subjects (S1 Fig).

Baseline attitudes on smoking cessation

Twenty-four participants (75.0%) agreed or strongly agreed that they know what treatments

are available to help them quit smoking, despite only 5 (15.6%) having used a cessation medi-

cation and 3 (9.4%) a behavioral aid within 6 months. The distribution of these 24 patients was

similar in both treatment groups (11 MIC, 12 usual care, 1 not randomized). Despite having

CD, only 5 (15.6%) agreed or strongly agreed that they were at higher risk of smoking related

Fig 1. Prevalence of smoking in inflammatory bowel disease. The prevalence of cigarette smoking was determined over 1098 consecutive inflammatory

bowel disease (IBD) specialty clinic visits over a 3-month period. IBD diagnosis was determined based on the diagnosis of the treating IBD physician. Smoking

status was determined by self-report.

https://doi.org/10.1371/journal.pone.0230656.g001

Table 1. Baseline demographics and disease indicators in current, former, and never smokers with Crohn’s disease.

Current Smokers (n = 97) Former Smokers (n = 194) Never Smokers (n = 479) p-value

Male Sex, n (%) 42 (43.3) 84 (43.3) 189 (39.5) 0.785

Age, mean (SD) 43.2 (12.6) 48.1 (15.5) 37.1 (14.0) <0.001

HBI, mean (SD) 5.8 (5.6) 4.9 (6.0) 3.5 (4.2) <0.001

SIBDQ, mean (SD) 46.5 (13.1) 53.4 (13.4) 55.0 (12.6) <0.001

PHQ-9, mean (SD) 7.9 (5.8) 6.0 (7.4) 4.8 (6.1) 0.001

Biologic Use, n (%) 75 (77.3) 148 (76.3) 372 (77.7) 0.702

HBI = Harvey Bradshaw Index, PHQ-9 = Patient Health Questionnaire, SIBDQ = Short IBD Questionnaire. PHQ-9 scores were significantly increased while SIBDQ

scores were significantly decreased across smoking status. The Kruskal-Wallis test was used for continuous variables and Chi-Squared test for categorical variables.

https://doi.org/10.1371/journal.pone.0230656.t001
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illness than other smokers. The distribution was similar between treatment groups (2 MIC, 2

usual care, and 1 not randomized). Medication was accepted by 30 (93.7%) and Quitline refer-

ral by 28 (87.5%) patients. Of the two patients who did not accept medication one could not be

randomized due to lab error and the other in the MIC group could not be reached by tele-

phone. Three patients who did not accept Quitline services were all in the MIC group and 1

was not randomized. Five patients (4 usual care, 1 MIC) reported that their medication choice

(all avoided varenicline) was based on a concern for potential side effects. Detailed survey

information based on randomization groups is available in (S2 Table).

Fig 2. Flow of participants in the nicotine metabolite ratio intervention. Thirty-two subjects participated in this randomized pilot

intervention using nicotine metabolite ratio (NMR) to guide smoking cessation.

https://doi.org/10.1371/journal.pone.0230656.g002
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Medication matching and satisfaction with metabolism informed care

Overall, 94% (16/17) of MIC participants randomized and 100% (16/16) who completed the

medication phone call accepted a prescription that matched their NMR status (Table 3). By

comparison, 9 of 14 usual care participants (64.3%) happened to receive (i.e. by chance) smok-

ing medication that matched their NMR status (p = 0.01).

Table 2. Baseline characteristics of smoking cessation intervention participants.

All (n = 32) MIC (n = 17) Usual Care (n = 14)

Age, mean (SD) 44 (11.1) 43 (10.0) 45 (12.9)

Male Sex, n (%) 15 (46.9) 7 (41.2) 8 (57.1)

Harvey Bradshaw Index, mean (SD) 5.71 (5.0) 4.3 (4.4) 7 (5.3)

SIBDQ, mean (SD) 45.37 (13.8) 47.00 (38.7) 44.08 (11.8)

PHQ-9, mean (SD) 9.81 (10.6) 9.88 (13.4) 9.14 (6.7)

Normal Metabolizer by NMR, n (%) 18 (56.3) 8 (47.1) 10 (71.4)

Cigarettes per day, mean (SD) 18.5 (9.2) 17.5 (10.6) 20.3 (7.3)

Income

<$25,000 9 (28.1) 2 (11.7) 6 (42.9)

$25,000–50,000 12 (37.5) 8 (57.1) 4 (28.6)

$50,000–75,000 4 (12.5) 4 (23.5) 0 (0)

>$75,000 6 (18.8) 2 (11.8) 4 (28.6)

Don’t know/Decline 1 (3.1) 1 (5.9) 0 (0)

Education

High School or Less 13 (40.6) 6 (35.3) 7 (50.0)

Vocational 5 (15.6) 2 (11.8) 3 (21.4)

College or College graduate 14 (43.8) 9 (52.9) 4 (28.6)

IBD Medications, n (%)

5-ASA 3 (9.4) 1 (5.9) 2 (14.3)

Immunomodulator 10 (31.2) 4 (23.5) 6 (42.9)

Anti-TNF-α 22 (68.8) 13 (76.5) 8 (57.1)

Vedolizumab 5 (15.6) 3 (17.6) 2 (14.3)

Ustekinumab 1 (3.1) 0 (0) 1 (7.1)

Prednisone 4 (12.5) 2 (11.8) 2 (14.3)

SIBDQ = Short IBD Questionnaire, PHQ-9 = Patient Health Questionnaire-9. One patient in the MIC group did not have an NMR value and was not prescribed a

medication due to lab error.

https://doi.org/10.1371/journal.pone.0230656.t002

Table 3. Matching of NMR pharmacotherapy by treatment arm.

MIC (n = 16) Usual Care (n = 14)

Normal (n = 8) Slow (n = 8) Normal (n = 10) Slow (n = 4)

Medication prescribed Varenicline 7 (87.5%) 0 (0.0%) 6 (60.0%) 3 (75.0%)

Bupropion 1 (12.5%) 0 (0.0%) 2 (20.0%) 0 (0.0%)

Nicotine Patch 0 (0.0%) 8 (100%) 2 (20.0%) 1 (25.0%

NMR Medication Matching� 16/16 (100%) 9/14 (64.3%)

One participant in the MIC group could not be reached by telephone to prescribe a medication and was excluded from per protocol analysis. p-values are calculated by

the Fisher’s exact test.

�(p = 0.01)

https://doi.org/10.1371/journal.pone.0230656.t003
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Overall, participants had positive baseline perceptions of MIC (Table 4). The majority of

patients reported satisfaction with the intervention and felt like they had received the best pos-

sible treatment to help them quit smoking at all 3 time points (Table 5). The distribution of

satisfaction was similar in both the usual care and MIC groups (Table 5).

Self-reported medication side effects and compliance with interventions

In general, side effects were reported more commonly in the varenicline group. Patients on

varenicline reported significantly higher rates of nausea (p = 0.04) than those on NRT (Fig 3).

Sample size did not permit stratification of individual side effects by NMR status. Participants

on bupropion reported mild headache, depressed mood, and hostility (all n = 1).

Six of 16 patients (37.5%) prescribed varenicline discontinued due to side effects, whereas,

no participants prescribed NRT or bupropion discontinued medication due to side effects.

The rate of discontinuation due to side effects, however, was similar in MIC compared to

usual care arms (n = 2 vs. n = 4). Sleep-related (insomnia, abnormal dreams; n = 3), neuropsy-

chiatric (irritability, distorted thoughts, agitation; n = 3), and GI related side effects (nausea;

n = 3) were reported as reasons for discontinuation of varenicline.

In our CD population, 3 of 3 (100%) of slow metabolizers on varenicline reported a side

effect, and 2 of 3 (66.7%) slow metabolizers discontinued the medication. While our sample of

slow metabolizers on varenicline is small these rates are significantly higher than expected.

Comparatively, 11 of 13 (84.6%) of normal metabolizers on varenicline reported a side effect,

and 4 of 13 (30.8%) discontinued the medication.

In addition to those who discontinued due to side effects, 2 participants taking varenicline

self-discontinued due to perceived ineffectiveness and 1 participant prescribed NRT chose not

to start medication due to life stressors. Based on direct feedback from Quitlines, only 2 partic-

ipants formally enrolled in telephone or internet-based counseling.

Smoking outcomes

Five (16.1%) patients reported complete smoking cessation at 6 months. Of these, 3 reported

cessation at all three follow up time points. Two reported cessation at both the 3- and 6-month

follow up time points. No participant who reported cessation at earlier time points reported

restarting smoking. A total of 15 patients (48.4%) reached a combined endpoint of�50%

decrease in cigarettes smoked per day or complete cessation at 6 months. An additional 3

patients reported a�50% decrease in cigarettes smoked per day at the 1- or 3-month follow-

ups but were lost to additional follow up. The combined endpoint at 6 months did not differ

significantly in MIC vs. usual care groups (n = 6 vs. n = 9). Decreasing cigarette consumption

�50% at 6 months was more common with varenicline (n = 10) compared with those who

took NRT (n = 5) or bupropion (n = 0). Overall, participants reported smoking fewer ciga-

rettes at 6 months across both treatment arms as well as in the subgroups who received vareni-

cline and NRT (Fig 4).

Discussion

Despite a well-known need for smoking cessation in the CD population, we found a high prev-

alence of ongoing active smoking in our tertiary IBD center, emphasizing the need for

improved cessation methods in this population. We also report low acknowledgement of the

risks of smoking in CD as well as low rates of pre-intervention cessation aid utilization in our

pilot study population. This is the first study to examine MIC, a precision treatment for smok-

ing cessation, in patients with CD. MIC for smoking cessation is highly endorsed by CD

patients, who demonstrated a high degree of willingness to accept NMR-guided
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pharmacotherapy. In addition, we found higher-than-expected proportions of CD patients

had side effects to varenicline resulting in medication discontinuation.

Despite the preservation of patient autonomy to choose any FDA approved medication for

which they were medically eligible, participants in the MIC group consistently chose the medi-

cation that matched their NMR status. Because varenicline is generally considered more effec-

tive than NRT (when NMR is not considered) we would anticipate its use to increase.

However, there are significant differences in the cost and side effect profiles of these medica-

tions and this seems to be particularly pronounced in the CD population. While no patient in

our study experienced a severe or life-threatening adverse event, the rate of side effects result-

ing in discontinuation of varenicline was much higher than expected. In the recent EAGLES

study of over 8000 patients receiving varenicline, NRT, or bupropion, only 5.8% of patients

without an underlying psychiatric disorder and 10.6% of patients with an underlying psychiat-

ric disorder discontinued varenicline as a result of a side effect [26]. In the current study, the

rate of 38% of CD participants who discontinued varenicline due to side effects is 3 to 6-fold

than prior reports.

It is possible that the baseline concerns with sleep, nausea, and neuropsychiatric symptoms,

which are common in CD, may result in a lessened tolerance of these side effects of vareni-

cline. It is notable that none of the 6 patients who prematurely discontinued varenicline due to

side effects quit smoking, suggesting that the high rate of side effects shown in our study may

have decreased rates of cessation. CD may be an ideal population for MIC smoking cessation

as it could allow providers to reserve varenicline for those who are most likely to benefit, while

sparing slow metabolizers the potential for side effects and cost. Approximately 44% of our

population consists of slow metabolizers (using the 0.31 NMR threshold); thus, MIC could

help avoid varenicline in a substantial number of CD patients without affecting cessation

efficacy.

Table 4. Participant baseline perceptions about metabolism informed care.

Baseline Perceptions, n (%)

Survey Question Response All

(n = 32)

MIC

(n = 17)

Usual care

(n = 14)

I approve of using tests to determine how my body breaks down nicotine to help me

quit smoking.

Strongly agree/Agree 31

(96.9%)

16 (94.1%) 14 (100%)

Neither agree nor disagree/

Disagree/ Strongly Disagree

1 (3.1%) 1 (5.9%) 0 (0%)

Don’t know/ Decline 0 (0%) 0 (0%) 0 (0%)

The development of blood tests to help match patients with the drugs that might work

best for them is a positive medical progress.

Strongly agree/Agree 28

(87.5%)

14 (82.4%) 13 (92.9%)

Neither agree nor disagree/

Disagree/ Strongly Disagree

2 (6.3%) 1 (5.9%) 1 (7.1%)

Don’t know/ Decline 2 (6.3%) 2 (11.8%) 0 (0%)

If a blood test told me that I might have a more difficult time quitting smoking than

some other people I wouldn’t even bother trying to quit.

Strongly agree/Agree 1 (3.1%) 1 (5.9%) 0 (0%)

Neither agree nor disagree/

Disagree/ Strongly Disagree

28

(87.5%)

14 (82.4%) 13 (92.9%)

Don’t know/ Decline 3 (9.4%) 2 (11.8%) 1 (7.1%)

The idea of knowing how my body breaks down nicotine frightens me. Strongly agree/Agree 3 (9.4%) 2 (11.8%) 1 (7.1%)

Neither agree nor disagree/

Disagree/ Strongly Disagree

27

(84.4%)

13 (76.5%) 13 (92.9%)

Don’t know/ Decline 2 (6.3%) 2 (11.8%) 0 (0%)

Participants completed questionnaires about their baseline perceptions of MIC at baseline. One patient (MIC) was lost to follow up before medication call.

https://doi.org/10.1371/journal.pone.0230656.t004
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Table 5. Participant reported satisfaction with intervention at 1-, 3-, and 3-month follow ups.

Satisfaction on Follow Up, n (%)

Survey Question Response All MIC Usual care

1 Month Follow Up n = 22 n = 13 n = 9

I am satisfied with the smoking treatment I have received from the study. Strongly agree/Agree 20

(90.9%)

10

(76.9%)

9 (100%)

Neither agree nor disagree/ Disagree/ Strongly

Disagree

3 (13.6%) 3 (23%) 0 (0%)

Don’t know/ Decline 0 (0%) 0 (0%) 0 (0%)

The smoking treatment I received from the study was tailored specifically

to me.

Strongly agree/Agree 19

(86.4%)

12

(92.3%)

7 (77.8%)

Neither agree nor disagree/ Disagree/ Strongly

Disagree

2 (9.1%) 1 (7.7%) 1 (11.1%)

Don’t know/ Decline 1 (4.5%) 0 (0%) 1 (11.1%)

I feel like I have received the best treatment possible to help me quit

smoking.

Strongly agree/Agree 22 (100%) 13 (100%) 9 (100%)

Neither agree nor disagree/ Disagree/ Strongly

Disagree

0 (0%) 0 (0%) 0 (0%)

Don’t know/ Decline 0 (0%) 0 (0%) 0 (0%)

3 Month Follow Up n = 21 n = 9 n = 12

I am satisfied with the smoking treatment I have received from the study. Strongly agree/Agree 19

(90.5%)

8 (88.9%) 11

(91.7%)

Neither agree nor disagree/ Disagree/ Strongly

Disagree

2 (9.5%) 1 (11.1%) 1 (8.3%)

Don’t know/ Decline 0 (0%) 0 (0%) 0 (0%)

The smoking treatment I received from the study was tailored specifically

to me.

Strongly agree/Agree 19

(90.5%)

8 (88.9%) 11

(91.7%)

Neither agree nor disagree/ Disagree/ Strongly

Disagree

1 (4.8%) 0 (0%) 1 (8.3%)

Don’t know/ Decline 1 (4.8%) 1 (11.1%) 0 (0%)

I feel like I have received the best treatment possible to help me quit

smoking.

Strongly agree/Agree 17

(81.0%)

7 (77.8%) 10

(83.3%)

Neither agree nor disagree/ Disagree/ Strongly

Disagree

2 (9.5%) 1 (11.1%) 1 (8.3%)

Don’t know/ Decline 2 (9.5%) 1 (11.1%) 1 (8.3%)

6 Month Follow Up n = 22 n = 11 n = 11

I am satisfied with the smoking treatment I have received from the study. Strongly agree/Agree 18

(81.8%)

9 (81.8%) 9 (81.8%)

Neither agree nor disagree/ Disagree/ Strongly

Disagree

4 (18.2%) 2 (18.2%) 2 (18.2%)

Don’t know/ Decline 0 (0%) 0 (0%) 0 (0%)

The smoking treatment I received from the study was tailored specifically

to me.

Strongly agree/Agree 20

(90.9%)

9 (81.8%) 11 (100%)

Neither agree nor disagree/ Disagree/ Strongly

Disagree

2 (9.1%) 2 (18.2%) 0 (0%)

Don’t know/ Decline 0 (0%) 0 (0%) 0 (0%)

I feel like I have received the best treatment possible to help me quit

smoking.

Strongly agree/Agree 22 (100%) 11 (100%) 11 (100%)

Neither agree nor disagree/ Disagree/ Strongly

Disagree

0 (0%) 0 (0%) 0 (0%)

Don’t know/ Decline 0 (0%) 0 (0%) 0 (0%)

Participants completed questionnaires about satisfaction with the intervention at 1-, 3-, and 6-months. For each time point, n represents the number of participants who

responded to questionnaires.

https://doi.org/10.1371/journal.pone.0230656.t005
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These results further emphasize the potential difficulty of cessation for CD smokers who

are normal nicotine metabolizers. Normal metabolizers tend not to be able to quit smoking

with nicotine patch [34] and those with CD also appear to have higher than expected rates of

varenicline discontinuation. Determining a therapeutic alternative for those unable to tolerate

varenicline is not straightforward. Bupropion was offered in this study design as a non-nico-

tine alternative, although there is limited evidence for superior efficacy of bupropion in normal

metabolizers. Extending the duration of NRT did not improve quit rates in a general popula-

tion of smokers [41]. Increasing the dose of nicotine patch in normal metabolizers modestly

improved quit rates relative to usual dose in the general smoking population, but this has not

yet been tested in an adequately powered randomized trial [42]. As our NRT-exposed patients

also reported relatively high rates of side effects, these strategies also warrant testing specifically

in a CD population.

As an initial feasibility study of MIC in a specialty population our sample size is limited

(n = 32) to the subset of CD patients included in the parent study. As a sub-analysis, this study

was aimed at demonstrating feasibility by measuring satisfaction and acceptance of the MIC

smoking cessation intervention in an IBD setting. As such, it is not powered to show definitive

Fig 3. Side effects reported based on medication prescribed. Side effects are reported as the proportion of patients reporting new or worsening symptoms

from baseline while on varenicline (black) compared with nicotine replacement therapy (grey). � p = 0.04 by the Fisher’s exact test. No other comparison

between varenicline and NRT was statistically significant. Due to the low number of individuals on bupropion (n = 3) these were excluded from the figure.

Participants on bupropion reported mild headache, depressed mood, and hostility (all n = 1).

https://doi.org/10.1371/journal.pone.0230656.g003
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differences in this subset. In addition, the single tertiary IBD center setting may not be fully

applicable to other clinics, although this site does reflect a broad, multi-state catchment area.

Similarly, we enrolled CD patients who are motivated to quit smoking which may not be

Fig 4. Cigarettes per day at baseline and 6-month follow up based on (A) all participants (B) treatment arm and (C) medication choice.

Average cigarettes per day for each participant was determined from patient recall of the previous 7 days. P values are determined by a

Wilcoxon Signed-Rank test. Error bars represent standard deviation. Only one of three participants on bupropion completed 6-month

follow up.

https://doi.org/10.1371/journal.pone.0230656.g004
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representative of the smoking CD population as a whole, but is likely representative of those

patients who would participate in future interventions. While our overall completion rates for

follow up surveys was 70%, loss of follow up in this small study may have further decreased

power of our secondary outcomes. This study is a sub-analysis of a larger randomized con-

trolled trial and thus the sub-set of patients we have analyzed may be subject to bias of unequal

randomization in this small subset. Our study design required unblinding participants in the

MIC group to the results of their NMR results. While this may have influenced their confi-

dence to quit smoking it presents a pragmatic approach to the use of NMR testing in a real-

world environment. Importantly, this pilot RCT did not include a placebo control. Thus the

role of the process of smoking cessation itself, which is known to cause numerous unpleasant

experiences, is not evaluated here [26].

In conclusion, this is the first study to our knowledge to demonstrate the feasibility of MIC,

a precision approach to smoking cessation, for a subspecialty chronic disease population.

Despite following evidence-based guidelines to counsel on smoking cessation, rates of smok-

ing in CD remain high and the baseline use of cessation aids remain low in our tertiary IBD

center. Based on our data, more than half of CD smokers are normal nicotine metabolizers

and should receive varenicline as a first line medication in order to maximize their likelihood

of cessation. However, the suggestion that CD patients may be less tolerant of varenicline than

the general population could potentially complicate precision cessation efforts in CD. Further

investigation of precision approaches to smoking cessation is needed to determine their

impact on CD populations.
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