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Abstract: This study aims to evaluate the effect of regularly reporting spirometry results during
smoking cessation counseling from a primary care physician on the quit rate in adult smokers.
Methods: A randomized, two-arm intervention study was conducted at six primary care centers. A
total of 350 smokers, ≥18 years of age, who consulted their primary care physician, participated in
the study. At the selection visit, smokers who gave their consent to participate underwent spirometry.
Subsequently, an appointment (visit 0) was scheduled to complete a nicotine dependence test, a
smoking cessation motivation questionnaire, and a sociodemographic questionnaire. Participants
were also offered brief, structured advice on how to quit smoking, as well as detailed information on
spirometry results. Patients were then randomized and scheduled for follow-up visits at 3, 6, 12, and
24 months. Both arms received brief, structured advice and detailed information on spirometry results
at visit 0. At consecutive follow-up visits, the control group only received brief, structured smoking
cessation advice, while the intervention group also received information on initial spirometry results
at visits 3 and 6, and a spirometry retest at visit 12. Exhaled carbon monoxide testing was used to
check smoking cessation. Results: The study included 350 smokers; 179 were assigned to the control
group and 171 to the intervention group. Smoking cessation at one year was 24.0% in the intervention
group compared to 16.2% in the control group. At two years, it was 25.2% in the intervention group
and 18.4% in the control group. Overall, the adjusted odds of quitting smoking in the intervention
group were 42% higher than in the control group (p = 0.018). Conclusions: Regular and detailed
feedback of spirometry results with smokers increases smoking cessation. Specifically, the likelihood
of quitting smoking in the intervention group is 1.42 times higher than in the control group (p = 0.018).

Keywords: smoking cessation; clinical trial; primary health care; spirometry

1. Introduction

Each year, approximately more than 8.7 million people worldwide die from tobacco-
related problems. Between 20% and 35% of the years lost to disability and premature death
during the productive ages of 45 to 64 years are due to tobacco-attributable diseases [1].
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Nevertheless, the World Health Organization (WHO) estimates that, in 2018, there were
1,337,000 smokers worldwide, a figure that will continue to decline given the reduction in
consumption, reaching 1,299,000 in 2025. In light of these figures, it will be difficult to reach
the goal set by governments to reduce tobacco consumption by 30% by the year 2025 [2].

The efficacy of smoking cessation in reducing the risk of cardiovascular and respira-
tory diseases surpasses all other interventions, with the benefits being greater the earlier
smoking cessation is achieved. Smoking cessation medical counseling (SCMC) remains
the initial intervention of choice for treating smokers and is, therefore, recommended as
the basis of any intervention strategy. Effectiveness rates of SCMC vary between studies,
although the differences found are small and range from 2 to 11%. Stead et al. in their
systematic review observed a small but nonsignificant increase in quit rate (RR 1.66, 95%
CI 1.42 to 1.94) in favor of SCMC. This roughly equates to an absolute difference in quit
rate of about 2.5% [3–5].

This small effect on cessation rates may be increased by 1 to 3% with a more intensive
intervention. Additional strategies appear to offer further benefits [6,7].

Interventions such as group or individual behavioral therapies (alone or combined
with drugs) and pharmacotherapy (bupropion, nicotine substitutes, clonidine, cystine, and
varenicline) have been shown to increase quit rates. Efficacy often decreases dramatically
at follow-up. Behavioral therapy alone achieves quit rates between 30 and 54%; the
combination of two drugs, between 25 and 30%; the combination of drug treatment and
behavioral therapy, 37.2% [6,8–14]. Behavioral therapy with nursing also increases smoking
cessation with an RR of 1.29 (95% CI 1.21–1.38) [15].

Other interventions used have not found evidence to support their benefit such as
physical exercise, especially cardiovascular, associated with behavioral therapy, hypnother-
apy, silver acetate, naltrexone, nicotine shots, lobeline, or nicobrevin [16–22].

Self-help materials or telephone advice may have a small additional benefit when
combined with brief advice [23–25].

It is essential when approaching the quitting process to be aware of the five stages
of change described by Prochaska and Di Clemente: precontemplation, contemplation,
preparation, action, and maintenance. These stages can occur several times in the same
smoker, mainly due to relapses. Interventions may have a different impact depending on
the stage of change of the smoker [26].

Moreover, 70% of smokers have some form of contact with their general practitioner
each year, which means these primary care physicians are in a privileged position to advise
and assist patients to quit smoking. These are key opportunities for intervention. Successful
smoking cessation has been found to be higher (7.2%) among those who see a doctor than
among those who have not seen a doctor in the past year (3.9%) [27].

Most primary care centers in Spain have access to and can perform spirometry, which
is indicated to assess abnormal respiratory function in smokers.

Few studies have evaluated the independent impact of spirometry or lung age feed-
back on smoking cessation and offer opposing results. In other studies, spirometry results
are part of a multifactorial intervention, which makes it difficult to assess the isolated
impact of the test on smoking cessation. These studies also vary in both the results and the
methodology applied. Consequently, there is currently little evidence in the literature that
smoking cessation counseling that includes spirometry results increases quit rates [7,27,28].

In this context, we hypothesized that providing patients with information about
spirometry results and the impact of smoking on their lung function could play a support-
ive role in the decision to quit. Our aim was to evaluate the effectiveness of including
information on spirometry results by the physician in the SCMC. In doing so, we aimed to
define the independent role of informing patients about their spirometry results in smoking
cessation strategies.
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2. Materials and Methods

The present study has been registered on Clinicaltrials.Gov (NCT01296295). In addi-
tion, the study methodology, design, and protocol have been published and are available
open-access [29].

We conducted a multicenter, randomized clinical trial with an allocation ratio of 1:1.
No changes were made to the methods after starting the trial. The study flowchart is
available in Figure 1.
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Figure 1. Patient flow and tests performed at the visits.

The study was carried out at six primary care centers in the province of Barcelona
(Spain) with different sociodemographic characteristics. The centers were categorized
by setting as rural, semi-rural, or urban. Recruitment was carried out from 2005 to 2008
and follow-up lasted two years, being completed in 2010 after reaching the expected
sample size.

2.1. Selection Criteria

Inclusion criteria were being an active smoker, being ≥18 years of age, and being seen
by the general practitioner for any reason.

Exclusion criteria were having prior diagnosis of COPD, contraindication to spirom-
etry, inability to reach by telephone, communication difficulties (cognitive, sensory, or
language impairment), serious disease with poor prognosis (life expectancy less than one
year), and refusal to participate in the study.
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It was calculated that a sample size of 187 smokers in each group would make a
difference of 10% or more detectable between both groups in terms of smoking cessation
rate with a reduction in one of the groups, accepting an alpha risk of 0.05 and a beta risk of
0.10. This calculation included a 5% loss during follow-up.

2.2. Recruitment

Patients visiting the clinic for any reason were asked about their smoking habits; the
study was explained and they were invited to participate. Smokers who gave their consent
were asked to perform spirometry followed by a post-bronchodilator test, peak flow test,
and pulse oximetry. An appointment was scheduled within one month for the study’s
baseline visit. Only patients reporting current tobacco use were included.

2.3. Randomization

Participants were then randomly assigned to the control group (CG) or intervention
group (IG). The randomization was computer-based, assigning each patient a correlative
number from 1 to 500. The computer program assigned a random two-digit number from
00 to 10 to each number: even-numbered patients were assigned to the control group
and odd-numbered patients to the intervention group. The randomization process was
carried out under blinded conditions, as patients were assigned a correlative number as
they were recruited and were subsequently assigned to the control group or intervention
group by computer. Therefore, the coordinating center did not know the characteristics of
the participants.

2.4. Intervention

At the baseline visit, the primary care physician gave all patients brief, structured
counseling on quitting smoking, following the recommendations of the Catalan Society
of Family and Community Medicine [30]. Moreover, the physician provided structured
feedback on the spirometry results. The duration of the visit was approximately 15 min.
Lastly, participants completed a questionnaire to collect data on affiliation, sociodemo-
graphics, medical history, chronic medication, smoking habits, motivation (Richmond Test),
dependency (Fagerstrom Test) [31], cessation phase, and respiratory symptoms.

Therefore, the intervention was the same in both groups at the baseline visit. It
differed at follow-up when only the intervention group received reinforced explanation
of the spirometry results. Brief smoking cessation counseling was given to both groups at
follow-up. At one year of follow-up, only the intervention group repeated the spirometry
and received feedback on the results and the impact on their health. Patients who reported
quitting smoking underwent a co-oximetry (CO) test.

Spirometries were performed by specially trained nursing staff with a Sibelmed
Datospir 120 spirometer. ATS/ERS guidelines [32] and reference values from a Mediter-
ranean population [33] were used. The research team reviewed all the spirometries to
assess the acceptability of the test technique and the spirometry pattern.

Patients with an obstructive or mixed pattern (FEV1/FVC post bronchodilator <70)
were classified as having a new COPD diagnosis. Severity was classified by FEV1, with
65–79% FEV1 being mild, 50–64% being moderate, 35–49% being severe, and <35% being
very severe.

Standardized information based on content defined by the research team was given to
patients about their spirometry results depending on their pattern type (Appendix A).

2.5. Follow-Up

Follow-up consisted of two telephone consultations and two in-person visits. The
telephone consultations were conducted by two nurses trained for this purpose and lasted
approximately 10 min. The in-person visits at one and two years were carried out by the
same personnel who carried out the baseline visit.
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2.6. Smoking Cessation

At follow-up, both at one and two years, participants were asked whether they had
quit smoking. At the one-year visit, all participants who reported having quit smoking
performed the exhaled carbon monoxide test; they were considered nonsmokers if they
had a co-oximetry level of <10 ppm. At this visit and the two-year visit, patients who had
not smoked for one year or more were considered abstinent smokers, while those who had
quit less than a year ago were considered in the process of quitting (quitters).

2.7. Analysis Plan

The frequency and percentage of each category were used for the descriptive analysis
of the qualitative variables. The median and maximum and minimum values were used
for the quantitative variables.

To assess the impact of patients lost to follow-up, an analysis was performed including
them and considering that they had not quit smoking. No significant differences were
observed between the results of this analysis and the analysis excluding these patients.
For this reason, it was decided to present the results of the analysis excluding the missing
patients and, therefore, making no assumptions about the data.

As for the bivariate descriptive analysis, both for the comparison of variables between
patients lost to follow-up and patients who completed the study, as well as for the compari-
son of variables between the control and intervention group, the chi-squared test was used
when dealing with two qualitative variables (or Fisher’s exact test when the expected fre-
quency for a given cell was less than 5). When dealing with a quantitative and a qualitative
variable from two categories, the Student’s t test was used for independent observations to
compare the means, and when the qualitative variable had more than two categories, an
analysis of variance (ANOVA) was used. To compare medians, the nonparametric test of
equality of medians was used.

To assess the effect of the intervention on smoking cessation, univariate logistic re-
gression models were estimated, as well as multivariate models to adjust for possible
confounding factors. These analyses were performed with cross-sectional and longitudinal
data. In the cross-sectional analyses, a univariate and a multivariate regression model were
adjusted with the results of each of the four follow-up visits. This analysis made it possible
to estimate the individual effect of the intervention at 3, 6, 12, and 24 months. Given the
longitudinal nature of the data (patients “measured” at five different times: at baseline
and 3, 6, 12, and 24 months), an overall estimate of the effect of the intervention was made
using logistic regression for longitudinal data. To this end, we fit a generalized estimating
equations (GEEs) logistic regression model to take into account the correlation of repeated
measurements. The dependent variable was smoking cessation and the independent vari-
ables were the group (control or intervention) and time of visit (3, 6, 12, and 24 months).
Multivariate models were also prepared to minimize the effect of any differences between
the two groups.

All comparisons were bilateral and the statistical significance was set at p < 0.05. All
the analyses were performed with the statistical package R version 3.6.3, supported by the
R Core Team and the R Foundation for Statistical Computing, created by statisticians Ross
Ihaka and Robert Gentleman, used in Girona (29 February 2020).

3. Results

A total of 361 patients participated in the study. Before being randomly assigned to the
groups, 11 were excluded due to failure to perform baseline spirometry despite repeated
requests. The remaining 350 patients participated in the study; 179 were assigned to the
control group and 171 to the intervention group. Figure 1 depicts the flow of patients in the
study. Tables 1 and 2 present the baseline characteristics of participants.
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Table 1. Characteristics of participants at baseline, according to randomized group assignment.

Control
(N = 179)

Intervention
(N = 171) p-Value

Sex female N (%) 71 (39.7%) 46 (26.9%) 0.016
Age (Med. (min-max)) 53 (18–80) 51 (19–85) 0.375
Residence

Rural N (%) 17 (9.6%) 15 (8.82%) 0.568
Urban N (%) 102 (57.6%) 90 (52.94%)
Semi-rural N (%) 58 (32.8%) 65 (38.24%)

Education level
Illiterate N (%) 14 (8.86%) 7 (4.58%) 0.331
Primary school N (%) 95 (60.13%) 95 (62.09%)
Secondary school or VE N (%) 33 (20.89%) 41 (26.80%)
University degree N (%) 9 (5.70%) 5 (3.27%)
Licentiate degree N (%) 7 (4.43%) 5 (3.27%)

Employment status
Active N (%) 102 (59.65%) 106 (64.24%) 0.687
Unemployed N (%) 16 (9.36%) 12 (7.27%)
Retired N (%) 42 (24.56%) 40 (24.24%)
Housewife N (%) 11 (6.43%) 7 (4.24%)

Alcohol consumption N (%) 75 (42.6%) 84 (50.9%) 0.125
Drug consumption N (%) 8 (4.47%) 4 (2.37%) 0.291
Anxiolytic consumption N (%) 35 (19.7%) 20 (12%) 0.053
Antidepressant consumption N (%) 21 (11.8%) 13 (7.78%) 0.214
Analgesic consumption N (%) 24 (13.5%) 22 (13.2%) 0.933
Cough N (%) 63 (36.4%) 58 (34.9%) 0.777
Wheezing N (%) 59 (34.1%) 42 (25.3%) 0.077
Expectoration (sputum) N (%) 48 (27.7%) 46 (27.7%) 0.994
Dyspnea N (%) 30 (17.3%) 24 (14.5%) 0.469
Starting age (Med. (min-max)) 17 (7–52) 16 (6–55) 0.012
No. cigarettes day

<10 N (%) 24 (13.6%) 20 (11.8%) 0.656
10–29 N (%) 112 (63.3%) 103 (60.9%)
≥30 N (%) 41 (23.2%) 46 (27.2%)

No. packs year (Med. (min-max)) 28 (0.6–189) 30 (1–129) 0.537
No. quit attempts

0 N (%) 67 (59.8%) 63 (60.6%) 0.975
1–2 N (%) 24 (21.4%) 21 (20.2%)
>2 N (%) 21 (18.8%) 20 (19.2%)

Motivation test
Low N (%) 52 (45.2%) 40 (37.4%) 0.197
Moderate N (%) 28 (24.3%) 22 (20.6%)
High N (%) 35 (30.4%) 45 (42.1%)

Dependence test
Low N (%) 27 (20.6%) 24 (21.6%) 0.892
Moderate N (%) 76 (58.0%) 66 (59.5%)
High N (%) 28 (21.4%) 21 (18.9%)

Med. (min-max): Median (minimum—maximum). VE: Vocational education.

There were no differences between the groups except that the IG comprised more men,
started smoking at earlier ages, and consumed fewer anxiolytics (Table 1).

There were no differences between the groups regarding the initial spirometry diagno-
sis (Table 2). A total of 20.6% of the 350 patients presented fixed airflow obstruction and, as
these were previously undiagnosed patients, they were considered new COPD diagnoses,
with most having moderate obstruction at the time of diagnosis.

During the two years of follow-up, 32 participants left the study (9.1%): 15 patients
from the IG and 17 from the CG (Figure 1). In addition, 30.6% dropped out due to moving,
22.5% due to death, and the remaining 46.9% due to failure to attend follow-up visits with-
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out establishing a specific reason. These patients were not different from the 318 patients
who completed the 2-year follow-up.

Table 2. Spirometry diagnosis at study intake: comparison of the two groups.

Total
(N = 350)

Control
(N = 179)

Intervention
(N = 171) p-Value

Initial spirometry diagnosis
Normal 125 (35.7%) 65 (36.3%) 60 (35.1%) 0.149
Obstructive 29 (8.3%) 14 (7.8%) 15 (8.8%)
Non-obstructive 99 (28.3%) 48 (26.8%) 51 (29.8%)
Mixed 43 (12.3%) 17 (9.5%) 26 (15.2%)
Small airways 54 (15.4%) 35 (19.6%) 19 (11.1%)

COPD (*)
Mild 16 (22.5%) 7 (22.6%) 9 (22.5%) 0.962
Moderate 40 (56.3%) 17 (54.8%) 23 (57.5%)
Severe 15 (21.1%) 7 (22.6%) 8 (20.0%)
Very severe 0 (0.0%) 0 (0.0%) 0 (0.0%)

Pharmacologic treatment (**) 13 (3.7%) 7 (3.9%) 6 (3.5%) 0.842
The number of patients (%) is shown. (*) Only the 72 patients with an obstructive or mixed pattern. COPD could
not be categorized in one case in the intervention group. (**) The percentage of patients who used pharmacolog-
ical treatment during the quitting process is collected. The treatment used was nicotine replacement therapy,
bupropion, or varenicline.

The overall long-term abstinence rate at one year was 21.6%. In the cross-sectional
analysis at each visit, smoking cessation was always higher in the intervention group. The
difference between the two groups was marginally significant at one and two years. Upon
adjustment, these results remained (Table 3).

Table 3. Cross-sectional logistic regression analysis of the effect of the intervention on smoking
cessation at each visit.

Control
(N = 179)

Intervention
(N = 171)

OR (*) (95% CI), p-Value

Unadjusted Adjusted (**)

Quitters (***)
3 months 27 (15.1%) 27 (15.8%) 1.06 (0.59–1.89), 0.855 1.00 (0.54–1.87), 0.995
6 months 28 (15.6%) 34 (20.0%) 1.35 (0.78–2.35), 0.288 1.35 (0.75–2.44), 0.314

12 months 29 (16.2%) 41 (24.0%) 1.63 (0.96–2.79), 0.071 1.73 (0.98–3.09), 0.060
24 months 33 (18.4%) 43 (25.2%) 1.49 (0.89–2.49), 0.129 1.63 (0.94–2.86), 0.084

Ex-smoker
(****)

12 months 17 (9.5%) 23 (13.5%) 1.56 (0.81–3.08), 0.188 1.45 (0.72–3.01), 0.304

24 months 23 (12.9%) 34 (19.9%) 1.68 (0.95–3.03), 0.077 1.66 (0.90–3.11), 0.108
The number of patients who quit smoking and their percentage out of the total are shown. (*) OR: Compares the
odds of being a quitter or ex-smoker in the intervention group compared to the control group. (**) Adjusted for
age, sex, age at which the patient began smoking, and use of anxiolytics. (***) Patients who quit smoking at some
point in the study even if they later relapsed were considered to be quitters. (****) Patients who had not smoked
for more than one year were considered to be ex-smokers.

We analyzed whether smoking cessation was a function of the severity of COPD at
the time of entering the study and found that cessation increased slightly as the severity of
the COPD increased (e.g., the odds of smoking cessation were 83% higher in patients with
severe COPD compared to those with mild COPD), but the difference was not statistically
significant (Table 4), nor was the trend test statistically significant (p = 0.461, results not
shown). When analyzing the effect of our study on the improvement of spirometric
parameters, we observed that FEV1 decreased by 1.6% at one year in the CG, while it
increased by 2.0% in the IG. At two years, the decrease in the control group was 4.9% and
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was maintained in the IG. Both at one and two years, there were no statistically significant
differences. We also found no differences between those who dropped out and those who
did not.

Table 4. Smoking cessation in COPD patients by severity (N = 72).

Smoking Cessation

Yes No OR (95% CI) (***),
p-Value

COPD (*) Mild ** 3 (21.4%) 11 (78.6%) 1

Moderate ** 9 (24.3%) 28 (75.7%) 1.18 (0.29–6.05), 0.828

Severe 5 (33.3%) 10 (66.7%) 1.83 (0.36–10.89), 0.476
(*) In one COPD case, it was impossible to classify severity. (**) In two cases with mild and three with moderate
COPD, it was impossible to certify smoking status. (***) OR: Compares the odds of smoking cessation in cases of
moderate and severe COPD with cases of mild COPD.

Table 5 presents a longitudinal analysis of data to estimate the overall effect of the
intervention regardless of the time of the visit. In the intervention group, the odds of smok-
ing cessation were 36% higher than in the control group, which is statistically significant
(p = 0.029). This increase is maintained after adjusting for differences between the two
groups (42%, p = 0.018).

Table 5. Longitudinal logistic regression analysis of the effect of the intervention on smoking cessation.

Dependent Variable: Smoking Cessation

Unadjusted Adjusted (*)

OR (*) (95% CI), p-Value OR (*) (95% CI), p-Value

IG vs. CG 1.36 (1.03–1.80), 0.029 1.42 (1.06–1.90), 0.018

Visit

3 months 1 1

6 months 1.23 (0.81–1.85), 0.337 1.23 (0.81–1.86), 0.333

12 months 1.37 (0.92–2.06), 0.125 1.38 (0.92–2.08), 0.121

24 months 1.51 (1.01–2.25), 0.045 1.52 (1.01–2.28), 0.043
(*) Adjusted for age, sex, age at which the patient began smoking, and use of anxiolytics. The adjusted model did
not include the interaction between time of visit and group, as it was not statistically significant.

When the statistical analysis was repeated to include the 32 patients who dropped
out of the study and was considered as continuing to smoke, the difference in smoking
cessation in the intervention group continued to be statistically significant.

One variable that could influence or alter the final results of our study would be phar-
macological treatment. In our intervention, no pharmacological treatment was offered to
quit smoking. The only intervention carried out was that summarized in the study protocol.
However, during follow-up, no weight was given to the habitual practice of each doctor
and, therefore, patients may have received pharmacological treatment. When analyzing
this variable, we observed no significant differences between both groups. No differences
were observed in the percentage of quitters or ex-smokers depending on whether or not
they had received pharmacological treatment. Even so, the analysis conducted in this
aspect was very limited given that only 13 cases used pharmacological treatment.

4. Discussion

Smoking cessation is a priority for health systems. Various types of strategies have
been explored based on interventions including brief or intensive counseling or information
on biomedical risks.
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Our intervention consisted of associating brief counseling with detailed and standard-
ized feedback on spirometry results in smokers without previously diagnosed chronic
airflow obstruction. This intervention was carried out periodically.

Providing smokers with the results of their lung function as obtained from spirometry
in a structured and periodic way increased the odds of quitting by 42%.

The overall rate of abstinence (21.6%) is higher than that found in longitudinal studies
performed in Spain and southern Europe, where an annual incidence of smoking cessation
ranging from 0.5 to 5% has been observed in different periods [34,35].

Additionally, if we take into account the data from the literature, and assuming an
11% improvement of the intervention efficacy can be attributed to SCMC, that means there
is an additional benefit of more than 4% from our intervention [3–6]. Therefore, it seems
logical to conclude that this can be directly attributed to our intervention. This conclusion
is strengthened by the fact that the two groups were comparable throughout the study, and
assignment to the intervention or control group was completely random.

When comparing our study with the existing literature, we see that the findings
are diverse [7,27,36–47]. Few studies have assessed the effect of feedback on spirometry
results [36–38] or lung age [39–43] independently, and they offer opposing results. The
dropout rates of previous studies range from 2 to 24% in the control group and 6.5 to 32% in
the intervention group, with a higher dropout rate in the IG, although it is not statistically
significant [37–39,41].

However, in contrast to ours, the study population in these other studies presented
high motivation and a high rate of pharmacological treatment to aid smoking cessa-
tion [38,42], feedback that was associated with a more intensive intervention [39], a very
small sample size [41,43], specific characteristics such as being drug users [41], and a very
short follow-up period [42], which makes it difficult to find significant differences.

Only three studies found statistically significant differences [36,40,42], two of them
regarding feedback on lung age results [40,42].

One study with characteristics similar to ours is by Martin-Lujan et al. [36], who
observed significant cessation rates at 12 months in favor of the intervention group (5.6% vs.
2.1%), although at a lower rate than in our study. In their study, only normal spirometries
were randomized, which may have led to a lower cessation rate.

Parker et al. [40] obtained similar results (13.6% IG vs. 6.4% CG as compared to 25.2%
IG vs. 18.4% CG in our study), although the follow-up and the message transmitted during
the intervention were different.

Segnan et al. [39] repeated the intervention, as we did, at 3, 6, and 9 months, and
found no differences between the groups. There were low attendance rates at reinforcement
sessions in their study, which could explain the differences with our results. While most
studies performed a specific intervention that was not repeated at follow-up [37], in our
study, the intervention was repeated at 3, 6, and 12 months, which could explain why our
intervention managed to increase and maintain cessation rates.

In studies that assessed the success of associating the reporting of spirometry results
with another type of more intensive intervention or carbon monoxide testing, dropout
rates varied from 9 to 52.4% in the control groups and from 6.7 to 50.8% in the intervention
groups [44–48]. The population characteristics of these studies were quite similar to ours.
Sippel et al. [47] used a different message depending on whether the spirometry result was
normal or obstructive, just as we did.

In these studies, it is difficult to assess the isolated impact of spirometry because its
effect forms part of an intense motivational intervention. Moreover, there are differences in
the limitations and methodologies between these studies and ours, which makes it difficult
to compare them and means we must do so with caution. Still, in most of these studies, the
population characteristics were quite similar to ours.

We found a prevalence of COPD in previously undiagnosed smokers of 20.6%, which
is similar to previous findings [36,37,44].
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Several studies analyzed whether more patients with chronic airflow obstruction quit
smoking than those with normal spirometry patterns, although here, too, the results are
contradictory [44,49–51]. The differences between the studies could be explained by the
association or not of pharmacological treatment or exclusion of the most severe COPD
patients as a greater severity has been associated with a greater likelihood of smoking
cessation [49]. We observed that COPD patients with a moderate-severe obstruction have
higher smoking cessation rates than patients with mild-moderate obstruction, but this
increase is not statistically significant. Other studies have also detected this relationship [50,
51]. However, it must be taken into account that the spirometry values used in these studies
differ from ours.

The beneficial effects of smoking cessation can be observed in the short term, as demon-
strated in Darabseh’s study, where 14 days after smoking cessation, skeletal muscle fatigue
resistance and circulating markers of inflammation were improved, but without significant
changes in spirometric values [52]. A reduction in lung inflammation, measured as a
reduction in the size and number of pulmonary nodules and improvement in lung function
measured as an increase in FEV1, increase in arterial oxygen pressure, and decrease in heart
rate, has also been reported at 3 months [53]. In our study, although we observed a greater
decrease in FEV1 in the CG than in the IG, these data were not statistically significant.

Limitations

Due to the type of intervention performed, it was not possible for our study to be a
double-blind trial. To prevent bias, the doctors and nurses that participated in this study
received prior training on conveying standardized messages.

In the study, no other smoking cessation interventions were conducted, but we did not
interfere with the regular practice of each doctor. This means that patients may have been
referred to a clinic specialized in smoking cessation, received medical treatment, and/or
had other tests performed (repeat spirometry, etc.) if their doctor deemed it necessary.
These data were not collected for subsequent analysis, except in 112 cases (32%) of the
sample, in which data on whether or not they had received pharmacological treatment
were available. In any case, random assignment would have distributed these nonstudy
interventions equally between both groups.

5. Conclusions

Giving periodic, detailed feedback on spirometry results to smokers increases smoking
cessation. Specifically, the odds of quitting smoking in the intervention group are 1.42 times
higher than in the controls group (p = 0.018). This effect is maintained at 24 months.
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Appendix A. Detailed and Structured Feedback on Spirometry Results

Spirometry Diagnosis Intervention Message

NORMAL SPIROMETRY

FVC and FEV1 fall within reference
intervals (≥80%).

FEV1/FVC % is equal to or greater than
the theoretical value (>75% ideal,

n is ≥70%).
FEF 25–75 is equal to or greater than

theoretical value.

Your spirometry results are normal. Your
lung capacity isn’t yet affected, which

means it is the ideal time to quit smoking.
Age alone decreases lung capacity.

Tobacco causes an even greater decrease
in lung capacity, leading to chronic

bronchitis and the need to use inhalation
medication when the need for oxygen is

very advanced.
Tobacco creates irreversible obstruction.

This means that what is lost can’t be
recovered. But by quitting smoking, you
can stop the process and prevent more
capacity from being lost, which means

maintaining an acceptable quality of life.
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Spirometry Diagnosis Intervention Message

SPIROMETRY WITH MODERATE
FLOW ALTERATION

FVC and FEV1 fall within reference
intervals (≥80%).

FEV1/FVC % is equal to or greater than
the theoretical value.

FEF 25–75 is lower than the
reference value.

Your spirometry results already show an
alteration in lung capacity corresponding

to the smallest bronchi, which
are obstructed.

Quitting smoking at this point means
detecting this loss and stopping the

process so that it doesn’t go any further.
If you continue to smoke, you will

progressively lose more lung capacity,
and this loss is irreversible.

OBSTRUCTIVE SPIROMETRY
PATTERN

FEV1 below 80% of the reference
interval (≥80%).

FEV1/FVC % is less than 70%.
Post bronchodilator test—SEVERITY:

Mild FEV1 65–79%
Moderate FEV1 50–64%
Severe FEV1 35–49%

Very severe FEV1 <35%

You have irreversible airflow obstruction.
You have a chronic obstruction. This

means that your lung capacity is
diminished, and you have difficulty
getting air out of your lungs, which

translates to difficulty breathing and less
oxygenation of the blood. The cause of

this decrease is smoking. By quitting, you
can stop the process and prevent it

from advancing.
COPD can cause many complications and
the most effective treatment to prevent it

is to quit using tobacco.

NON-OBSTRUCTIVE SPIROMETRY
PATTERN

FVC below 80% of the reference
interval (<80%).

FEV1 below 80% of the reference
interval (<80%).

FEV1/FVC % is ≥70%.

Your spirometry results aren’t normal
because you have decreased lung

capacity. There is likely some process
altering your lung capacity and it should

be examined. Tobacco affects lung
capacity, so quitting is essential to

prevent it from getting worse and causing
greater lung damage.

PD The restrictive pattern must be
verified by other types of tests; many

prefer the term non-obstructive pattern.

MIXED SPIROMETRY PATTERN:

FVC below 80% of the reference
interval (<80%).

FEV1 below 80% of the reference
interval (<80%).
FEV1/FVC % is

<70%

Your spirometry results are abnormal.
You have reduced lung capacity and an

obstruction, which means you have
difficulty exhaling air. This process is
aggravated by smoking, so quitting is

crucial to stopping the process.
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