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Abstract

Background—A brief “Lung Age” feedback intervention has shown promise for personalizing 

the health impact of smoking and promoting cessation in unselected smokers. Now that many 

healthcare organizations provide face-to-face cessation services, it is reasonable to ask whether 

such motivational feedback of lung function tests might improve treatment compliance and 

cessation rates in smokers wanting to quit. This study assessed effects of baseline motivational 

spirometry-based “Lung Age” feedback on treatment compliance and tobacco abstinence at 28-

day follow-up.

Methods—This randomized controlled pilot study took place in Penn State University-affiliated 

outpatient medical practices. Participants were 225 adult smokers (≥ 5 cigarettes/day) willing to 

attend tobacco dependence treatment. At assessment lung function (FEV-1) and exhaled carbon-

monoxide (CO) were assessed. The Intervention group (n=120) were randomly allocated to 

receive motivational “Lung Age” feedback estimated by FEV-1 and on exhaled CO; Control group 

(n=105) received minimal feedback. Participants were offered 6 weekly group smoking cessation 

sessions and nicotine patches and followed-up 28 days after target quit date. The primary outcome 
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measure was self-reported 7-day tobacco abstinence, confirmed by CO<10ppm at 28-day follow-

up.

Results—Quit rates were similar at follow-up (Intervention 50.8%; Control 52.4%; p=0.65) after 

controlling for abstinence predictors. Group attendance and patch use were similar. Among those 

attending follow-up (n=164, 73%), a greater proportion of the Intervention group had improved 

lung function (67% v. 46%; p=0.0083).

Conclusions—Baseline Lung Age feedback did not improve quit rates or compliance at 28-day 

follow-up in smokers seeking intensive treatment.

This study was registered at ClinicalTrials.gov (identifier: NCT01980485).
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1. INTRODUCTION

Cigarette dependence is caused by the psychoactive effects of nicotine in the smoke 

(USDHHS, 1988; RCP, 2000) and is characterized by difficulty quitting smoking despite 

serious attempts, often despite awareness of serious health impacts. Cigarette smokers are 

more than 10 times more likely to develop lung diseases such as lung cancer and chronic 

obstructive pulmonary disease (COPD) as compared to non-smokers (USDHHS, 2004). 

Smoking also causes serious diseases affecting virtually every organ system in the body, and 

smokers are more than three times as likely as non-smokers to die of ischemic heart disease 

before the age of 65 (USDHHS, 2004).

Smoking cessation reverses these risks, such that a smoker who quits by age 50 has one-half 

the risk of dying in the next 15 years as compared to a continuing smoker (USDHHS, 1990). 

Some physiological measures such as exhaled carbon monoxide (CO) return to non-smoker 

levels within a few days of quitting smoking, and lung function improves within months of 

quitting (Bize et al., 2012; Scanlon et al., 2000; Jang et al., 2010). It has been suggested that 

providing smokers with feedback on biomedical tests and the possible future effects of 

smoking and quitting on such test results may be a strategy for increasing smoking cessation 

rates (Bize et al., 2012).

A meta-analysis of biomedical risk assessment as an aid for smoking cessation (Bize et al., 

2012) concluded that, “There is little evidence about the effects of most types of biomedical 
tests for risk assessment on smoking cessation. Of the fifteen included studies, only two 
detected a significant effect of the intervention. Spirometry combined with an interpretation 
of the results in terms of ‘lung age’ had a significant effect in a single good quality trial but 
the evidence is not optimal.” That trial (Parkes et al., 2008) found that smokers receiving 

lung age feedback—that is, lung function test results demonstrating lung function in relation 

to expected performance by age—were more likely to be quit a year later (13.6%) as 

compared with those who had the measurement carried out and score provided, but not 

explained (6.4%). Measurement of exhaled CO has also shown effects on smoking cessation 

in some studies (Jamrozik et al., 1984; Sanders et al., 1989). For example, Sanders et al. 
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(1989) randomized 751 smokers attending a nurse health screening to either brief smoking 

cessation advice or brief advice plus CO measurement. One month later 11.7% of the CO 

measurement group had quit, compared with 7.5% in the control group. Risser and Belcher 

(1990) compared education alone or education plus an additional motivational intervention 

that contained immediate feedback about the smoker’s exhaled CO, spirometry results, and 

pulmonary symptoms. They found that 20% versus 7% remained quit 12 months later. This 

relatively brief intervention (providing feedback on spirometry-based “Lung Age” plus 

exhaled CO) therefore shows promise as a way to personalize the health impact of smoking 

and cessation to patients.

Most of the trials finding positive effects of motivational lung feedback at baseline were 

conducted in unselected smokers attending for screenings on other medical assessments. 

This includes the National Lung Screening Trial (Grannis, 2014), the results of which could 

be interpreted to indicate that smokers who receive negative (high risk) lung screening 

results are more likely to quit, or, on the other hand, that smokers receiving neutral or 

positive (low risk) lung screening results are less likely to quit (Kaminsky et al., 2011). This 

highlights the need for randomized studies. In addition, now that many healthcare 

organizations provide face-to-face cessation services, it is reasonable to ask whether addition 

of such measures and motivational feedback might improve treatment compliance and 

cessation rates in smokers already wanting to quit. A trial with sufficient statistical power 

(>80%) to detect a meaningful effect on long-term cessation rates (e.g., 25% v 35% at 6 

months) would require over 800 participants. We, therefore, conducted a smaller pilot study 

that was designed to identify whether there is any evidence that Lung Age and CO feedback 

at assessment can improve treatment compliance and short-term (28-day) cessation rates.

2. MATERIALS AND METHODS

2.1 Power calculation

This study had 87% power to detect a 40% increase in 28-day abstinence rates (i.e., from 

50% to 70%) based on a two-tailed chi-squared test and alpha=0.05. We selected this effect 

size as being at the lower end of the effect size continuum that would be clinically 

meaningful at 28 days and have the potential to still be meaningful in the longer term even 

with similar relapse rates in both groups over subsequent months.

2.2 Recruitment and inclusion criteria

This study was registered at ClinicalTrials.gov. Community smokers were recruited via 

posters and clinician referrals to attend a smoking cessation group treatment and were 

offered free group support and a two-week supply of nicotine patches. Participants were 

eligible if they smoked ≥5 cigarettes per day, were ready to make a quit attempt within the 

next month, ≥21 years old, willing to attend study visits and able to provide informed 

consent. Exclusion criteria included contraindications for nicotine patch (allergy, pregnancy, 

recent cardiac problems) or lung function testing (i.e., recent or planned surgery). Other 

exclusions included current use of smoking cessation medicines, uncontrolled mental illness 

or substance use in past 6 months, life expectancy <1 year or unwillingness to quit all 

tobacco products.
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Potential volunteers were screened for eligibility by phone and then an assessment 

appointment with a Nurse Practitioner (SH) was scheduled. Both the assessments and group 

support sessions took place at outpatient facilities (primarily Penn State Family Practices 

based in the community) affiliated with Penn State College of Medicine. Recruitment and 

follow-up occurred between February, 2012 and November, 2013. Eligible participants 

provided informed consent and completed a comprehensive baseline assessment (as part of a 

separate study of predictors of cessation), including a full medical and tobacco use history 

that included the following measures: Penn State Cigarette Dependence Index (PSCDI; 

Foulds et al., 2014), Fagerstrom Test for Nicotine Dependence (FTND; Heatherton et al., 

1991), Hooked on Nicotine Checklist (HONC; DiFranza et al., 2002), Wisconsin Predicting 

Patients’ Relapse (WI-PREPARE) questionnaire (Bolt et al., 2009), education, sex, age, 

race, employment status, Body Mass Index (BMI), number of quit attempts in the last year, 

weight gain on longest previous quit attempt, weight concerns (Borrelli and Mermelstein, 

1998), confidence to maintain weight after quitting (Borrelli and Mermelstein, 1998), 

current dieting status, daily alcoholic beverage servings, caffeine consumption (mg/day), 

cigarettes per day, dietary measurements, confidence in quitting (Boudreaux et al., 2012), 

importance of quitting (Boudreaux et al., 2012), Brief Perceived Stress score (Cohen et al., 

1983), having previously received substance abuse treatment, history of depression 

treatment, anxiety or other mental health problem, total Kessler 6 (K6) score (Furukawa et 

al., 2003), total Patient Health Questionnaire (PHQ-9) score (Kroenke et al., 2001), Alcohol 

Use Disorders Identification Test (AUDIT) score (Frank et al., 2008), Clinical COPD 

Questionnaire (CCQ) scores (van der Molen et al., 2003), Pittsburgh Sleep Quality Index 

(PSQI) score (Buysse et al., 1989), total Minnesota Nicotine Withdrawal Scale (MNWS) 

score (Hughes and Hatsukami, 1986), history of eating disorders, and smoking mentholated 

cigarettes. 199 of 225 participants provided blood samples for analysis of nicotine and 

metabolites. For all participants, assessment included measurement of FEV-1 and Lung Age 

using the Care Fusion SpiroUSB spirometer and Spirometry PC software (SPCS), which 

selects the best measure from three valid attempts and compares the patient’s results to 

NHANES III-based norms adjusting for age, sex, height, weight and race, yielding percent 

of predicted FEV-1 and “effective lung age”. This spirometer is similar to that used in the 

original study (Parkes et al., 2008). Exhaled CO was measured using a breath “Smokerlyzer” 

manufactured by Bedfont Scientific. This type of CO monitor has been validated and used in 

numerous research studies (Bize et al., 2012).

2.3 Randomization

A CONSORT diagram is included in Figure 1. 373 individuals were assessed for eligibility 

using a phone screen. Of these 373 individuals, 16 were not interested in participating in the 

study; 2 did not consent to continue with the phone screen; 40 were found to be ineligible 

after phone screening; 13 yielded duplicate or incomplete phone screens; 11 did not 

schedule an assessment visit appointment; 64 did not attend their scheduled assessment visit; 

and 2 did not consent to participating in the study at their assessment visit. The remaining 

225 participants underwent randomization to either the Intervention (n=120) or Control 

group (n=105). For randomization, the study statistician (AB) prepared a computerized 

block randomization sequence, with each ascending subject ID number randomly allocated 

to the Intervention or Control condition. After the lung measures were collected the research 
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clinician opened the randomization envelope for that study ID, which indicated whether to 

perform the motivational feedback on spirometry and CO (I) or not (C). The Control group 

was simply informed of their FEV-1 in liters per second and CO in parts per million (ppm), 

with no additional explanation, and informed of the details of the first group meeting. As the 

intervention was behavioral this was an unblinded trial.

2.4 Intervention

Those allocated to the Intervention group received more detailed feedback on their lung 

function as follows:

The Intervention group had the effects of smoking on lung function explained to them using 

a graph (Figure 2) showing examples of changes over time in (a) a never smoker (b) a 

smoker with rapidly worsening lung function ending up with COPD and (c) a smoker with 

worsening lung function who stops smoking, experiences an initial improvement in lung 

function and then a more gradual decline, parallel with that of a never smoker, avoiding 

severe COPD. The same figure was showed to all Intervention participants, and feedback 

was personalized by providing participants with their own FEV-1 and CO measurements. 

These measurements were explained to each participant, and the beneficial effects of 

quitting smoking were explained using the figure.

In the Intervention group, if an individual’s Lung Age was equal to or less than their 

chronological age, they were briefly informed that the test result was normal and that it was 

important to avoid potential future lung problems by stopping smoking. For those in the 

Intervention group with a “normal” FEV-1, the intervention focused on their exhaled CO 

(described below).

If their Lung Age was greater than their chronological age, they were given their “Lung 

Age” in years. For example, a 45-year-old who had the FEV-1 of a 50-year-old was told, 

“Now I want to give you some important information about the results of your lung function 
tests. The test found that you have a “Lung Age” of 50 years. This means that you have the 
lung function of someone 5 years older than you. As we showed you on the graph, smoking 
causes lung function to get worse at a much faster rate, and it is very likely that your lung 
function is worse than it should be because of your smoking. It is also likely that it will 
continue to worsen if you keep smoking. However, if you quit smoking, we would expect 
improvement of your lung function. So it is really important that you attend all the stop-
smoking group meetings, use the nicotine patches and succeed in stopping smoking. We will 
measure your lung function again at the last group meeting, a month after you quit smoking, 
so we can measure any improvement.”

In addition, our Institutional Review Board required that all participants (both Intervention 

and Control) with a baseline FEV-1 <80% of predicted (on the basis of national norms) had 

a letter sent to their family doctor informing them, and the participant was also informed that 

“Your Forced Expiratory Volume in one second (FEV-1) was x liters per second. This kind 
of lung function test does not itself allow us to make any diagnosis. Your score was lower 
than we would expect for someone of your age and we recommend that you see your doctor 
to discuss whether further diagnostic testing and treatment would be appropriate.”
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Those in the Intervention Group had their exhaled CO result explained in more detail. Non-

smokers typically have an exhaled CO of 0–4ppm, whereas smokers typically have a CO of 

10–50ppm. Because of its relatively short half-life (around 4–5 hours), CO levels return to 

normal within a few days of stopping smoking. So a smoker in the Intervention group with a 

typical baseline CO of 20ppm was informed as follows:

“Your exhaled carbon-monoxide reading was 20. This is much higher than that of a non-

smoker (typically 0–4). It means that the carbon-monoxide from inhaled cigarette smoking 

is binding to the red blood cells that carry oxygen in your blood and displacing oxygen. This 

means that your heart has to do more work to supply oxygen to your body, and it is part of 

the reason why smoking causes serious cardiovascular diseases such as heart attack or a 

stroke. It is very important to get that number down. The good news is that when you stop 

smoking the concentration of carbon-monoxide in your body will return to that of a never-

smoker within a week. So it is really important that you attend all the stop-smoking group 

meetings, use the nicotine patches and succeed in stopping smoking. We will measure your 

CO levels at every appointment and you will be able to see the improvement when you quit 

smoking.”

2.5 Smoking cessation treatment provided to all participants

All participants were invited to attend 6 weekly sessions of group smoking cessation 

support, with the Target Quit Date (TQD) being the day of the second group meeting (visit 

3) and with the sessions aiming to maximize group cohesion and support for achieving 

complete tobacco abstinence. Each participant was seen very briefly (1–2 minutes) 

individually prior to each group meeting to have their CO measured, and to hand in their 

completed questionnaires. Participants each reported to the group whether they had smoked 

in the previous week at the start of each meeting, and made a promise to the group to attend 

the next session without smoking, at the end of each session. Average group size was 10 

participants (range =5–24) across 22 closed groups. This smoking cessation group format 

has been used in previous studies and found to be at least as effective as individual 

counseling (Foulds et al., 2006; McEwan et al., 2006). All participants were provided with a 

14-day supply of 21mg, 24-hour transdermal nicotine patches at no cost, and were also 

provided with assistance (i.e., a prescription) to obtain additional patch supplies for the 

lowest cost available from insurance or other community resources.

Group session attendance, exhaled CO, nicotine withdrawal symptoms, adverse events and 

cigarette and nicotine replacement therapy (NRT) use were recorded at each weekly visit. 

Participants were treated in mixed groups, but none of the individual baseline or ongoing 

Lung Age or CO measures were discussed in detail with participants after the assessment 

session. As this study was designed to look at short-term effects of the Intervention, the 

primary outcome measure was intent-to-treat self-reported 7-day point prevalence tobacco 

abstinence (answering “no” to the question, “Have you smoked or used any tobacco in the 

past 7 days?”), confirmed by CO<10ppm at the 28-day follow-up (visit 7). Secondary 

outcomes included measures of treatment compliance (attendance and patch use) and change 

in lung function. The primary hypothesis was that smokers provided with motivational lung 

function feedback at assessment would be more likely to be abstinent 28 days after the TQD.
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2.6 Statistical analysis

All 225 randomized participants (n=105 in Control group; n=120 in Intervention group) 

were included in the primary outcome analysis, as those who did not attend the 28-day 

follow-up or who had an exhaled CO>9ppm were counted as continuing smokers. Univariate 

tests were performed to examine the effect of baseline covariates on 28-day abstinence. 

Covariates that predicted abstinence with univariate p-value <0.20 were included in a 

multivariable logistic regression model alongside the randomization group. Statistical 

analyses were performed in SAS 9.4 (SAS Institute, Inc, Cary, NC, USA).

3. RESULTS

The baseline characteristics of the two groups are provided in Table 1. The two groups were 

well matched on most key variables, as evidenced by statistical comparisons between the 

two groups, except that those in the Control group rated themselves significantly less 

confident in their ability to quit (note this was assessed prior to the Lung Age feedback). 

Overall, they were fairly typical of smokers seeking help to quit smoking in the United 

States and rated the importance of quitting smoking as 9.3 on a 1–10 scale. Overall, 41% 

had a baseline FEV-1 <80% of their predicted FEV-1. 8.6% of participants in the Control 

group and 12.5% of participants in the Intervention group had Lung Ages less than or equal 

to their chronological age, and therefore may not have received detailed Lung Age feedback 

(Chi-square p=0.34).

The seven-day biochemically-confirmed tobacco abstinence rates at 28 days (visit 7) were 

similar in the Intervention (61/120=50.8%) and Control groups (55/105=52.4%, p=0.65), 

even after controlling for other significant predictors of abstinence (dependence, confidence 

in quitting, weight concerns related to quitting, confidence to maintain weight after quitting, 

baseline stress, and smoking mentholated cigarettes; see Table 2).

Attendance of the last group session was similar in the Intervention group (84/120=70%) 

and the Control group (80/105=76%, chi-squared=1.09, p=0.30), as was the mean number of 

total patches used (16.1 v. 18.0 days, p=0.12).

Among those who attended the 28-day follow-up (n=164) there was a significantly greater 

pre-post increase in FEV-1 in the Intervention than the Control group (p=0.027). In the 

Intervention and Control groups, mean FEV-1 scores at baseline in liters were 2.64 and 2.57 

(p=0.60), respectively; at 28-day follow-up the means were 2.73 and 2.58 (p=0.28), 

respectively. When an improvement in lung function was defined as “FEV-1 at 28 days> 

FEV-1 at baseline”, a greater proportion of the Intervention group had an improved lung 

function as compared to Control (67% v. 46%, p=0.0083). However, we could find no 

evidence that this was related to any greater reduction in cigarette smoke exposure as the 

exhaled CO at the 28-day visit was similar (6.8 v. 6.1, p=0.53), as was the mean number of 

cigarettes smoked per day in the prior week among those who had smoked (8.8 v. 5.8, 

p=0.45).

Figure 3 shows (a) percent attendance at each group meeting; (b) percent using the 

transdermal nicotine patches in the previous week at each visit; (c) mean exhaled CO among 
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those attending each visit; and (d) percent (ITT) attending with a CO <10ppm and self-

report of no tobacco use in the prior week, in the Intervention and Control groups. 

Attendance increased at visit 7 (the last group meeting) as research staff emphasized the 

importance of attending the last group meeting. There was no evidence that participants in 

the Intervention group had better rates of attendance, patch use, exhaled CO, or abstinence 

than the Control group; in fact, most of the measures favored the Control group.

4. DISCUSSION

Overall, despite the fact that the smoking cessation treatment had good compliance, with 

73% attending the last group session, and an impressive 28-day biochemically verified 

abstinence rate of 52%, we found no evidence to suggest that the motivational lung function 

and CO feedback at assessment improved treatment compliance or short-term smoking 

cessation outcomes. The fact that for all of these the outcome was slightly (non-

significantly) better in the Control group suggests that this finding was unlikely to be due to 

lack of statistical power to detect a clinically meaningful positive effect.

One possible explanation for the lack of effect could be that among smokers who volunteer 

for a relatively intensive smoking cessation treatment (involving attendance at six weekly 

one-hour group support sessions) the motivation to quit is already so high that a fairly brief 

motivational intervention has little opportunity to make a meaningful difference. This is 

supported by our finding of a near ceiling effect on the 0–10 point scale (Boudreaux et al., 

2012) on which smokers rated how important it was for them to quit, at baseline, with both 

groups rating a mean score >9.

Another possible explanation stems from the fact that we performed the lung function and 

CO measurement in both groups, with only the feedback being different. Our scientific 

review committee recommended that all participants with an FEV-1 lower than 80% of 

predicted should be informed and have a letter sent to their family doctor, regardless of 

group allocation. It is possible that this may have diluted between group differences. When 

we restricted analyses only to those within each group with an FEV-1 >79% of predicted, 

(n=70 in the Intervention group; n=63 in the Control group), the overall pattern of results 

remained similar, with no sign that the lung age or CO feedback boosted compliance or quit 

rates. One potential weakness of this study is that it only examined short-term outcomes 

during the first month after a quit attempt. While it is possible that the Lung Age feedback 

may have a “sleeper effect”—a psychological effect on longer term smoking cessation, when 

we designed this study we felt it was much more likely that the intervention would initially 

affect short-term cessation (Paek et al., 2014), via better compliance with treatment, and this 

is what the study was designed to detect. No such effects were detected. The previous 

randomized trial reporting a significant positive effect of Lung Age feedback on smoking 

cessation (Parkes et al., 2008) studied smokers recruited in family medicine practices for 

research on lung function, whereas the current study recruited smokers for help to quit 

smoking. We suspect that the different results may relate to the different baseline 

motivational states of the participants, with our participants already having a high level of 

motivation to quit smoking. Lung Age feedback may still be helpful for unselected smokers 

in general medical settings.
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The finding of a significantly greater improvement in FEV-1 in the Intervention than the 

Control group was unexpected, given a lack of effect on smoking cessation or cigarette 

consumption. This could be simply a chance finding. Although all participants were 

encouraged to give their best effort on the lung function tests at baseline and follow-up, it is 

possible that the feedback provided to the Intervention group after baseline testing provided 

them with extra motivation and effort on the follow-up lung function tests, although it did 

not directly affect smoking cessation behavior.

This study has observed that, among individuals already highly motivated to quit, an 

additional motivator in the form of Lung Age feedback does not appear to enhance 28-day 

biochemically-verified tobacco abstinence rates. Nicotine dependence, as measured by the 

Penn State Cigarette Dependence Index (PSCDI), may be a more important predictor of 28-

day abstinence in this population of already highly motivated individuals. Although 

spirometry, Lung Age and CO feedback at assessment may provide useful biomedical 

information to smokers about to embark on a smoking cessation attempt using intensive 

behavioral support, that feedback delivered at baseline assessment does not appear to 

improve treatment compliance or short-term smoking cessation in smokers already 

motivated to quit.
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Highlights

• This study assessed baseline “Lung Age” feedback effects on tobacco 

abstinence.

• Intervention group received “Lung Age” feedback; Control received 

minimal feedback.

• Primary outcome was self-reported 7-day tobacco abstinence 

confirmed by CO<10ppm.

• Quit rates were similar at 28-day follow-up (Intervention 50.8%; 

Control 52.4%).
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Figure 1. 
CONSORT diagram for the study. 373 individuals were assessed for eligibility using a 

phone screen. Of these 373 individuals, 16 were not interested in participating in the study; 2 

did not consent to continue with the phone screen; 40 were found to be ineligible after phone 

screening; 13 yielded duplicate or incomplete phone screens; 11 did not schedule an 

assessment visit appointment; 64 did not attend their scheduled assessment visit; and 2 did 

not consent to participating in the study at their assessment visit. The remaining 225 

participants underwent randomization to either the Intervention (n=120) or Control group 

(n=105). Of these groups, 36 and 25 participants did not attend the 28-day follow-up visit, 

respectively. All 225 were included in the intent-to-treat analysis.
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Figure 2. 
Graphic used to provide “Lung Age” feedback used in the study. Adapted from Fletcher, 

BMJ 1977; Kohansal, Am J Resp Crit Care Med 2009; and Scanlon, Am J Resp Crit Care 

Med 2000.
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Figure 3. 
Summary of study outcomes. Figure 3 depicts the following measures in the Intervention 

and Control groups: (a) percent attendance at each group meeting (out of a total of n=120 

participants in the Intervention group and n=105 in the Control group; raw number of 

attending participants given above each bar); (b) percent using the transdermal nicotine 

patches in the previous week at each visit (as a percentage of the number of participants 

attending each group meeting; see (a)); (c) mean exhaled CO among those attending at each 

visit (see (a) for raw number of participants attending each group meeting); and (d) intent-to-

treat percent attending with a CO<10ppm and self-report of no tobacco use in the prior week 

(out of a total of n=120 participants in the Intervention group and n=105 in the Control 

group; raw number of abstinent participants given above each bar).
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Table 1

Baseline cohort demographics.

Variable Overall (n=225) Control (n=105) Intervention (n=120) p Value

Age (years), mean (SD) 48.5 (12.5) 49.8 (12.5) 47.5 (12.5) 0.16

Female (n, %) 136 (60.4%) 64 (61.0%) 72 (60.0) 0.88

White (n, %) 196 (87.1%) 95 (90.5%) 101 (84.2%) 0.16

College degree or higher, n (%) 58 (25.8%) 22 (21.0%) 36 (30.0%) 0.12

Cigarettes per day, mean (SD) 17.6 (7.35) 17.6 (6.82) 17.6 (7.80) 0.96

Fagerstrom Test for Nicotine Dependence (FTND) score,15 mean 
(SD)

4.58 (1.87) 4.58 (1.88) 4.58 (1.87) 0.99

Penn State Cigarette Dependence Index (PSCDI) score,14 mean 
(SD)

12.4 (3.06) 12.6 (3.14) 12.3 (3.00) 0.43

WI-PREPARE score,17 mean (SD) 5.18 (1.99) 5.25 (2.09) 5.13 (1.89) 0.65

Plasma nicotine (ng/mL), mean (SD) 13.1 (7.19) 13.1 (6.70) 13.1 (7.65) 0.99

Plasma cotinine (ng/mL), mean (SD) 241 (124) 247 (137) 235 (110) 0.51

Current smoking-related symptoms/disease, n (%) 108 (48.0%) 50 (47.6%) 58 (48.3%) 0.97

FEV-1 percent of predicted, mean (SD) 79.7 (19.1) 79.3 (17.8) 80.0 (20.2) 0.80

CO (ppm), mean (SD) 20.6 (11.1) 19.9 (10.4) 21.3 (11.7) 0.35

Lung Age (years), mean (SD) 63.1 (17.8) 65.2 (15.9) 61.3 (19.2) 0.095

Importance of quitting (range 1–10), mean (SD) 9.25 (1.18) 9.14 (1.25) 9.34 (1.11) 0.21

Confidence in quitting (range 1–10), mean (SD) 7.56 (2.23) 7.20 (2.28) 7.88 (2.15) 0.024*

Weight concerns related to quitting score,18 mean (SD) 4.96 (2.34) 4.92 (2.36) 5.01 (2.33) 0.78

Confidence to maintain weight after quitting score,18 mean (SD) 6.52 (2.09) 6.43 (2.08) 6.59 (2.10) 0.55

Brief Perceived Stress score,19 mean (SD) 5.98 (2.99) 6.01 (3.02) 5.96 (2.97) 0.90

Total Kessler 6 (K6) score20 >12, n (%) 23 (10.2%) 8 (7.62%) 15 (12.5%) 0.23

Previous treatment for substance abuse, n (%) † 44 (19.8%) 17 (16.7%) 27 (22.5%) 0.28

Smokes mentholated cigarettes, n (%) 105 (46.7%) 51 (48.6%) 54 (45.0%) 0.59

*
indicates p<0.05;

†
3 participants missing substance abuse data.
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Table 2

Model of cessation outcomes at 28-day follow-up. Multivariable logistic regression model controlled for 

potential confounders demonstrating no association between study intervention and 28-day abstinence

Covariate Odds Ratio (95% CI) p Value

Study randomization

 Control Referent 0.65

 Intervention 0.863 (0.458 – 1.63)

Penn State Cigarette Dependence Index (PSCDI) 0.824 (0.707 – 0.961) 0.014*

WI-PREPARE 0.843 (0.673 – 1.06) 0.14

Confidence in quitting (baseline) 1.18 (1.00 – 1.38) 0.044*

Smokes mentholated cigarettes

 No Referent 0.025*

 Yes 0.473 (0.247 – 0.908)

Weight concerns related to quitting (baseline) 1.24 (1.08 – 1.43) 0.0028*

Confidence to maintain weight after quitting (baseline) 0.827 (0.700 – 0.976) 0.024*

Total stress (baseline) 0.877 (0.783 – 0.982) 0.022*

Cigarettes per day (baseline) 0.954 (0.903 – 1.01) 0.091

Received treatment for substance abuse †

 No Referent 0.098

 Yes 0.496 (0.216 – 1.14)

*
indicates p<0.05;

†
3 participants missing substance abuse data.
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