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Abstract

Background: There is an increased risk of premature death in people with severe mental illness (SMI). Respiratory
disorders and cardiovascular disease are leading causes of increased mortality rates in these patients, and tobacco
consumption remains the most preventable risk factor involved. Developing new tools to motivate patients
towards cessation of smoking is a high priority. Information on the motivational value of giving the lung age and
prevention opportunities is unknown in this high-risk population.

Methods/design: This article describes in detail a protocol developed to evaluate an intensive motivational tool,
based on the individual risks of pulmonary damage and prevention opportunities. It is designed as a randomized, 12-
month, follow-up, multicenter study. A minimum of 204 smokers will be included, aged 40 years and older, all of whom
are patients diagnosed with either schizophrenia or bipolar disorder (BD). Chronic obstructive pulmonary disease
(COPD) will be evaluated using spirometry, and the diagnosis will then be validated by a pneumologist and the lung
age estimated. Based on this value, a motivational message about prevention will be issued for the intervention group,
which will be reinforced by individualized text messages over a period of 3 months.
The efficacy of the method and the pulmonary damage variables will be evaluated: smoking cessation at the end
of follow-up will be confirmed by cooximetry, and the COPD diagnosis and the severity of the staging for disease
will be assessed.

Discussion: In the context of community care, screening and early detection of lung damage could potentially
be used, together with mobile technology, in order to produce a prevention message, which may provide
patients with SMI with a better chance of quitting smoking.
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Background
People living with serious mental illness (SMI) reduces
life expectancy by up to 20 years [1]. Tobacco consump-
tion, which is almost three times higher in this group
than in the general population, is the main preventable
risk factor for mortality [2]: half the patients who are un-
able to quit will die of causes related to smoking [3].
Despite the fact that the comorbidity between SMI

and smoking makes it even more difficult to quit [4],
there is growing evidence for the safety and short-term
efficacy of the available treatments [3, 5, 6]. Possible
ways of raising long-term smoking cessation rates in
SMI patients include: improving the pre-treatment prep-
aration phase, combining the available treatments and
increasing the length of the maintenance phase [7].
Getting a patient ready to change their addictive be-

havior requires maximum motivation levels. The deci-
sion to continue smoking or to try to change this habit
depends on a number of factors, including the balance
between the perceived benefits and the risks of contin-
ued smoking. This balance can be influenced by person-
alized messages about the health risks they run, which
serve as a “motivational trigger” [8]. In the general popu-
lation, the most common incentive for giving up smok-
ing is linked to concerns about current or future health
problems [9]. Much less is known about the factors in-
fluencing the decision to quit in people with SMI. People
with schizophrenia [10] and bipolar disorder (BD) [11]
could have a lower appreciation for the health risks asso-
ciated with cigarette smoking. Tidey et al. [12] describe
how psychiatric smokers—parallel to the rest—who
intended to quit, rated the importance of negative health
consequences higher than those who did not. Motivation
to quit smoking in this population might increase if they
are provided with more tailored information on the
negative health consequences of smoking [10, 12].
Respiratory diseases, especially chronic obstructive

pulmonary disease (COPD) and pneumonia, are the
main causes of death in patients with schizophrenia and
BD, alongside cardiovascular disease and cancer [2].
Despite the high rates of smoking addiction, a
higher-risk consumption (starting younger, higher levels
of nicotine dependence and more intense smoking) [13]
and the impact this has on mortality rates, the early
diagnosis of COPD is not currently catered for in the

health care system and studies of the respiratory damage
involved are very rare. Even so, in schizophrenia and
other non-affective psychoses, the existence of impaired
lung function of possible multifactorial origin and the
increased likelihood of obstruction [14] have been re-
ported and the risk of delaying the diagnosis has been
stressed [14]. The Spanish Consensus Statement on
Physical Health in Schizophrenia and BD mentions the
possibility of an increased risk of COPD compared with
the general population [15, 16], although there is limited
information about BD and this is generally inconclusive
due to its lack of statistical power [14].
COPD is the most common respiratory pathology in

the general population, and smoking is its main cause in
the Western countries [17]: it is estimated that half of
those who smoke are likely to suffer from COPD. The
most important changes in lung function occur in the
early stages of the disease, even before the development
of COPD [18]. The reduction in forced expiratory vol-
ume in 1 s (FEV1), when adjusted for age and level of
consumption, is, per se, a high-risk marker of general
mortality [19], cardiovascular mortality [20] and lung
cancer [21]. The main health care challenge we face here
is early diagnosis [22], and quitting smoking is the only
step which is capable of slowing down its progress.
Spirometry is a safe, simple, non-invasive and

cost-effective technique, and is the gold standard test in
the study of pulmonary function and the early diagnosis
of COPD [23]. It can be carried out in the primary care
setting and there is a general consensus over the criteria
for diagnosis and staging [24]; in smokers over 40 years
old, it diagnoses between 21 and 25% of COPD in
asymptomatic patients [25]. Although initially, when
performed in parallel with other biomedical tests, the
value of both test and results in increasing motivation in
the general population to quit smoking proved inconclu-
sive [26], renewed interest has been shown in this tech-
nique following the results of a clinical trial which
informed smokers of the calculation of their “lung age”
and achieved an increase in the cessation rate [8, 27].
However, to our knowledge, there is no evidence avail-
able of how effective this intervention may be in
smokers with SMI.
In the general population, a simple recommendation

by the physician can influence and increase the chances
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of giving up smoking in the long term [28]. In popula-
tions at higher risk, such as smokers with an SMI, the
recommended intervention is the 5 A’s (Ask, Advice, As-
sess, Assist and Arrange) [7] – however, there is still a
need for greater intensity in generating motivation [29].
Currently, mobile technology represents a cost-effective
way of promoting health and preventing disease and the
information it can convey about health can help to
prompt changes in behavior. However, although inter-
ventions through text messages (SMS) are capable of
generating extra motivation to quit smoking in the gen-
eral population, so far there is no evidence in more vul-
nerable populations, including smokers with SMI [30].
The problem of smoking in this population requires

new effective strategies to motivate the patient to attempt
to quit and aim for the ultimate goal of complete abstin-
ence. Although the impact of respiratory disease on the
mortality rates of these patients is clear to see, the possi-
bilities of an early diagnosis of the damage and its influ-
ence on motivating the patient to change are more
problematic. Given these needs and the lack of evidence,
the information based on individual health risks and on
creating chances for prevention provides us with an op-
portunity to assess the situation. It is possible to imple-
ment the study of respiratory damage in an environment
of community care for mental health, and SMS technology
will help to make the message clearer and more forceful.
In a high-risk population, the probability of finding

premature lung damage would be higher. Providing in-
formation on prevention opportunities will help the pa-
tient move forward through the quitting decision. We
therefore propose the following objectives:

To measure the level of undiagnosed lung damage in
smokers with SMI
To evaluate the effectiveness of an intensive anti-
tobacco intervention, which offers individualized infor-
mation on lung damage and possibilities of prevention,
as a way of helping patients diagnosed with schizophre-
nia or BD to quit smoking

Methods/design
Study design
This is a multicenter, open, randomized and prospective
study, with a 12-month follow-up period. Nine Mental
Health Centers from the South of Spain, serving both
rural and urban populations in the provinces of Córdoba,
Jaén, Málaga and Granada, will take part in the study.
The study protocol (version 1: 11/2016) has been ap-

proved by the Ethics Committee of Reina Sof ía Hospital
in Córdoba, Spain, and informed consent will be ob-
tained from each participating patient before recruit-
ment. The http://ClinicalTrials.gov identifier was
NCT03583203.

Recruitment and randomization (see Fig. 1)
This will be a pioneer study in populations with SMI and,
for this reason, reference figures from similar studies [31]
have been used to calculate the sample size, adjusted to
the characteristics and severity of the sample. Abstinence
after 12 months was estimated at 3 and 15% in the control
and experimental branches, respectively. A level of confi-
dence of 95% and a power of 80% is assumed, which re-
quires a minimum of 85 patients per branch, with an
added 20% for possible losses during follow-up.
Recruitment of at least 204 patients who meet all the

inclusion criteria and none of exclusion criteria will be
carried out over 1 year and follow-up appointments will
be arranged after that.
Inclusion criteria: (1) patients aged between 40 and 70

years; (2) confirmed diagnosis of BD or Schizophrenia
according to Diagnostic and Statistical Manual of
Mental Disorders, 4th edition, text revision
(DSM-IV-TR); (3) active smokers who currently con-
sume at least 10 CPD, with a cumulative consumption
of 10 packets/year or more; (4) have signed an informed
consent to participate in the study.
Exclusion criteria: (1) previous respiratory diagnosis

of: asthma, cystic fibrosis, tuberculosis, simple chronic
bronchitis, restrictive pulmonary disease or bronchiec-
tasis; (2) acute respiratory symptoms; (3) heart disease
or advanced oncological processes; (4) existence of a
pathology which makes it advisable not to perform spir-
ometry (recent pneumothorax, recent thoracic or ab-
dominal surgery, aortic aneurysm, unstable angulation,
retinal detachment, facial hemiparesis or oral/dental
problems); (5) patients who, due to their intellectual dis-
ability or mental pathology, do not understand or cannot
be forced to perform spirometry; (6) clinical instability
with results of over 14 points on the Hamilton Depres-
sion Rating Scale (HDRS), a Young Mania Rating Scale
(YMRS) score of over 6 or a Positive and Negative
Syndrome Scale (PANSS) score of over 70.
The randomization will be carried out using the Redcap

[32] program, as implemented by the Bioinformatics Unit
of IMIBIC (the Maimónides Institute of Biomedical
Research in Córdoba, Spain). It will be centralized, per-
formed in permuted blocks and stratified by center, age,
gender and pathology. The ratio will be 1:1 for each arm.
The research staff will have no knowledge of the assign-
ment until the patient signs their informed consent and
has been included in the system (which will automatically
assign the patient, once included, to a particular arm).

Description of the intervention
The intervention will be performed by the regular health
professionals who usually treat the patient (psychiatry and
mental health nursing), after receiving specific training
and after the intervention have been validated by

Jaén-Moreno et al. Trials           (2019) 20:47 Page 3 of 11



specialists from the Addiction Network and the Pneumol-
ogy Service at the Reina Sofía Hospital in Córdoba, Spain.

Control group
The control intervention lasts 30 min and will be struc-
tured around the 5 A’s technique (Ask, Advice, Assess,
Assist and Arrange) [27]. Data will be collected on the
patient’s smoking record, level of consumption and their
individual level of motivation. Their smoking habit, per-
sonal circumstances and the general health risks derived
from their current consumption will be discussed with
the patient following the recommendations of the Treat-
ing Tobacco Guideline [33] and on the basis of the
Motivational Interviewing [34]. The risks and benefits
will be weighed and the patient’s perceived self-efficacy
will be assessed in order to generate greater motivation.
Depending on the degree of motivation, the idea of set-
ting a deadline for the change in habit, specific treat-
ment and regular follow-up will be put forward. In order
to reinforce the message, informative materials stressing
the general health benefits of quitting smoking will be
provided, and patients will be given a direct contact

number to request an urgent appointment for support
and specific treatment, as needed.

Experimental group
This group will go through a spirometry study for a lung
age and obstruction degree determination. The
anti-smoking intervention will follow the same duration
and general structure of the control group. In this case,
when talking about the health risks, personalized infor-
mation about the lung damage and prevention oppor-
tunities will be included. It will teach the patients about
comparing lung age with chronological age and explain
how the formula is calculated and the origin of the dam-
age. After evaluating their COPD, the patients will be in-
formed about its existence and staging. Depending on
the damage found, the generation of motivation will
focus on different prevention methods. Likewise, after
the motivation level is set, the patients will be offered
the option of treatment and regular follow-up. The
intervention will be strengthened by motivational
messages (designed by specialists from our Addiction
Network) in an attempt to give continuity to personal

Screening (Week 0)
The informed consent obtained

Agree to participate Refuse to participate

Randomization 1:1
(center, age, gender and diagnosis)

Intervention group Control group

Baseline measurement +
spirometry Baseline measurement

5A’s intervention

Follow-up Follow-up

Visit 1
Week 2

Visit 2
Week 4

Visits 3, 4 y 5
(Weeks 16, 28 y 52)

Fig. 1 Flow diagram of study design

Jaén-Moreno et al. Trials           (2019) 20:47 Page 4 of 11



message based on MI—half of which are linked to the
possibility of preventing respiratory damage—and sent
to the patient's mobile phone via SMS during the 3
months after the face-to-face intervention, with a de-
creasing rate: three messages per week in the first
month, and two and one per week in the following
months, respectively (see Table 1 for examples of these
messages) [35]. Patients without mobile phones will re-
ceive a call on their phone to convey the same messages.

Safety protocol

1. The anti-tobacco intervention can only be given to
clinically stabilized patients. In these cases, their
psychiatrist will confirm whether they can be classi-
fied as psychopathologically stable prior to the
intervention scheduled for the second visit

2. Information about individual lung damage will be
offered based on the prevention opportunities and
following the general MI model, as in the rest of
the protocol. To guarantee it, the messages will be
generated based on respiratory variables and by the
team of researchers— psychiatrist, expert physicians
on addiction and pneumologist specialists—and
sent on the Redcap platform to the center
researcher

3. When they are first informed about the
intervention and prior to the start of the intensive
mobile phone intervention with SMS, the patients
are asked once again if they wish to continue with
the study. In each message sent, a phone number is
included where the patient can request not to
receive any more messages if they so wish

4. The patient is given the opportunity to contact the
specialized addiction service network, made up of
physicians who routinely treat patients with SMI
who are trying to quit smoking and do not receive
treatment due to their possible lack of
psychopathological stability

5. The researcher will make a written record of any
COPD diagnosis performed, which, in mild cases, is
sent to the primary care physician and in moderate
or severe cases, to the pneumology service

Patient and public involvement
All the patients will receive enough information about
the study by a resume paper with the principal objectives
and methodology of the research. As was explained in
Fig. 1, only the patients that give their agreement to par-
ticipate will be included in the study. If the patients
want, they will give us their contact details to receive the
principal results published in the future.

Result variables

1. Lung damage variables
2.1 Main variable:

� Presence of COPD (FEV1/forced vital capacity
(FVC) < 0.7, confirmed after bronchodilation)
and staging (FEV1 > 80% – mild, FEV1
50–80% – moderate, FEV1 30–49% – severe)

2.2 Secondary variable:
� Percentage of FEV1 compared with expected

level. Calculation of lung age based on the
Fletcher and Peto [36] model

2. Efficiency variables
2.1 Main variable:

Smoking cessation, defined as self-reported ab-
stinence over the previous 7 days, confirmed by
cooximetry with expired carbon monoxide (CO)
< 10 particles per million (ppm)

2.2 Secondary variables:
� Increased levels of motivation
� Number of attempts to quit and total

duration in days of abstinence, as reported by
the patient

� Smoking cessation objectified by cooximetry
(< 10 ppm) at scheduled follow-up
appointments

� Reduction in the number of cigarettes/day
(CPD) smoked, as reported by the patient
and confirmed by expired CO after 3, 6 and
12 months

Data collection and monitoring (see Fig. 2)

1. Sociodemographic data:
Age, gender, educational level, marital status,
number of children, employment status, place of
residence, home environment (including other
members of the household who smoke) and income

2. Clinical variables:

Table 1 Examples of text messages (SMS) sent to patients in
the intervention group

Wanting to smoke is temporary, but the damage to your lungs is
permanent – Which kind of suffering do you want to choose?

The pleasure of breathing in deeply and enjoying a beautiful spring
morning would be easier with cleaner lungs. How about trying it?

Did that little run down the street leave you breathless? Ever thought
about giving up smoking? Life is much more bearable with clean lungs.

If your lungs could speak, they’d be really angry at how you are treating
them. It’s up to you – you can make your life better.

Better health and lung capacity, more cash to spend and less smelly
clothes. That’s what you gain when you give up smoking. Difficult to
imagine giving up? You’re not alone! Come and see us and we’ll plan
it together.
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STUDY PERIOD

Enrolment Allocation Post-allocation Close-
out

TIMEPOINT** -t1 0 W2 W4 W16 W28 W52

ENROLMENT:
Eligibility screen X
Informed consent X

Allocation X
INTERVENTIONS:

[Intervention A] X
[Intervention B] X

ASSESSMENTS:
Sociodemographic Data X
Smoking history
Type/Brand of tobacco X
Fagerström Test for Nicotine
Dependence (FTND)

X

Previous attempts to quit X
Current smoking habit
Cigarettes per day (CPD)
Desire to quit X
Self-perception of ability to quit X
Richmond test X
Stage of change X
Application and follow-up on
addictions network X

Psychopathology
Positive and Negative Syndrome
Scale (PANSS) X

Hamilton Rating Scale for
Depression (HDRS) X

Young Mania Rating Scale
(YMRS) X

Hamilton Anxiety Rating Scale
(HAM-A) X

Global Activity Evaluation Scale
(GAES) X

Secondary diagnosis X
Medical history X
Neuropsychology
Digit span, forward and
backward (WAIS) X

Trail Making Test A y B X
Other substance use
Alcohol, cannabis, cocaine,
stimulants, heroin, methadone,
inhalant or caffeine

X

Treatment X
Physical Activity
International Physical Activity
Questionnaires (IPAQ)

X

Respiratory Variables
COPD Assessment Test (CAT) X
modified Medical Research
Council (mMRC) X

Spirometry Variables
FCV, FEV1. FEV1/FVC,
pulmonary age, FVC post BD,
FEV1 post BD, FEV1/FVC post
BD, degree of obstruction
(following GOLD)

X

Anthropometric
Measurements and vital signs X

FVC: Forced Vital Capacity; FEV 1: Forced expired volume in the first second; BD:
Bronchodilation; GOLD: Global Initiative for Chronic Obstructive Lung Disease

Fig. 2 Scheduled tasks
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� Confirmation of diagnosis. Schizophrenia and
BD sections of the Spanish version of the
Structured Clinical Interview for DSM-IV Axis I
Disorders (SCID-I) [37]

� Psychiatric disease variables, as reported by the
patient and confirmed by their clinical history.
Age of onset, illness duration, number of suicide
attempts and number of hospital admissions in
the last 5 years

� Clinical stability will be assessed by the reference
psychiatrist at each center and evaluated by the
HDRS [38] and YMRS [39] scales for BD and
PANSS [40] for schizophrenia

� Anxiety symptoms of anxiety. Hamilton Anxiety
Rating Scale (HARS) [41]

� Global functioning. Global Activity Assessment
Scale (GAAS) [42]

� Psychopharmacological treatment at study entry
and during the study

3. Comorbidity (from medical history).
Anthropometric measurements and vital signs (by
nurse, following the schedule):
� Hypertension, diabetes, dyslipidemia, peripheral

vascular disease, heart disease and oncological
disease

� Height, weight, Body Mass Index (BMI),
abdominal perimeter, oxygen saturation, blood
pressure and heart rate

4. Smoking habit
� History of consumption: age of onset, years of

consumption and accumulated consumption
(number of packs/year)

� Current consumption and dependency level:
– Type and brand of tobacco and CPD
– Expired CO, reported as ppm, measured

with an MD Diagnostic CO Check+
cooximeter (concentration range 0–99 ppm,
sensitivity 0.1 ppm). The measurements will
be obtained between 11.00 a.m. and 01.00
p.m., with a cut-off point for active
smokers of 10 ppm, as in previous refer-
ences [43].

– Dependence on nicotine, as evaluated by the
Fagerström Test for Nicotine Dependence
(FTND) [44]: mild (0–3), moderate (4–7) and
severe (8–10)

� History of previous attempts to quit smoking
(minimum 24 h trying to quit):
– Record of the number of attempts lasting

more or less than 1 month. Total sum of days
of abstinence reported

– Previous specific treatments, adverse reactions
or psychopathological decompensation

� Motivation to quit smoking:

– Richmond Test [45]: low (0–4), moderate (5–6)
and high (7–10)

– Analogue visual scale from 1 to 10, measuring
the patient’s desire to quit smoking and
perceived self-capacity [46]

– Prochaska and DiClemente’s Stages of Change
(SOC) [47]

� Request for referral to specific treatment of
Addictions Network:
– Number of appointments
– Treatment offered

5. Use of other substances
The consumption of other substances—such as
alcohol, cannabis, cocaine, stimulants,
hallucinogens, heroin, methadone, other opiates or
inhalants—will be measured using the “Drug Use
Table: Individual Substances” section of the Spanish
Addiction Severity Index, 6th version (ASI6) [48]
We will record the age of the first consumption, years
of regular consumption, consumption for 50 or more
days in the patient’s life and consumption over the
last 30 days. Consumption will also be calculated for
caffeine, measured as cups of coffee/day (one cup of
coffee = one energy drink = two cups of tea = three
cups of soft drinks [49]), and for cannabis, measured
as type (resin or leaf), consumption method (joint or
vapor inhalation) and number of joints/year
(52 weeks × number of joints/week/365 × number of
years smoking) [50]. Patients with cocaine or heroin
habits will be noted if the substance is inhaled

6. Physical activity
The amount of physical activity will be calculated
through the self-administered International Physical
Activity Questionnaire (IPAQ), used in its short-
ened version [51] and validated in Spanish [52]. The
unit to measure energy expenditure is the MET
(Metabolic Equivalent of Task), and the total ex-
penditure in METs-minute/week is calculated

7. Neuropsychological evaluation
In order to evaluate neurocognitive functioning and
any possible changes after the intervention, the
Digit Span Test will be used in reverse order or
backwards (WAIS-III) [53], together with parts A
and B of the Trail Making Test [54], which measure
verbal working memory, processing speed and
executive attention, respectively

Spirometry
To validate the equipment used and check its character-
istics, the test and criteria for quality control will be used
for acceptability and repeatability of the results; the
standardization criteria set down by the American Thor-
acic Society and the European Respiratory Society (ATS/
ERS) [55] will be followed (see Table 2).
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Respiratory variables

Respiratory symptoms and impact on quality of life [56]
Severity of dyspnea, using the Modified British Medical
Research Council (mMRC) scale [57]

Statistical analysis
The statistical analysis will include all the patients ran-
domized to both branches according to an intention-
to-treat approach. The main variable for smoking cessa-
tion will be analyzed using the chi-square test for
qualitative variables, which in this case consist of the dif-
ferences between the control and intervention groups.
The effect size will be expressed as relative risk (RR), ab-
solute risk reduction (ARR) and the number needed to
treat (NNT), with the corresponding 95% confidence
interval (CI). The secondary variables will require the
comparison of the average values of the quantitative var-
iables between groups (level of motivation, consumption
of tobacco according to CPD and expired CO) and will
be carried out using Student’s T test and its respective
post-hoc correction tests. The Mann-Whitney U test will
be used for the non-parametric equivalent. The associ-
ation between the quantitative variables will be evaluated
using bivariate correlation tests, such as Pearson’s linear
correlation coefficients (parametric test) or Spearman’s
correlation coefficients (non-parametric test). The re-
spiratory variables for the presence of COPD and its sta-
ging will require a descriptive analysis and the results
will be presented as frequencies and percentages. Logis-
tic regression models will be used for the multivariate
analysis. To control any effects in the comparison be-
tween groups caused by contact with the addiction treat-
ment network or the neurocognitive evaluation, the

variables associated with these events will be collected
and the corresponding adjustments made in the analysis.

Discussion
Motivating smokers with SMI to undertake specific
treatments to quit smoking is certainly challenging, and
even more so to increase their chances of success [58].
In this context, our study may present an opportunity to
develop and evaluate new models of motivational inter-
vention. It is based on estimation of individual health
risks and possible ways of prevention, whereas mobile
technology allows greater intensity of the intervention.
In SMI patients, it is clear that comorbid smoking is

severe and that the risk of respiratory illness increases
the mortality rate. Even so, although we know that early
diagnosis is critical, so far there have been no clinical
recommendations about screening for damage in any
age group or level of tobacco consumption. The pres-
ence of certain symptoms (cough, coughing up mucus,
limited physical activity), the nature of the patients
themselves (who are less likely to visit their physician for
non-psychopathological complaints), and the type of
health care they receive (more focused on mental health
and less on primary care) all hinder an early diagnosis of
the problem. However, in a population made up of pa-
tients with schizophrenia or BD who smoke, assessing
the degree of decline in lung function or level of ob-
struction can provide evidence which can lead to pre-
vention measures to help control serious health threats.
In a population being seriously harmed by smoking to-

bacco, the advent of mobile technology as part of health
care (m-health) gives us a great opportunity to provide
motivation messages at any time and place. The full po-
tential and safety of its use in treating patients with
psychotic disorders have been increasingly recognized in

Table 2 Protocol for evaluation and diagnosis of respiratory pathology

Evaluation
and validation

Persons responsible
and venue

Nursing team (Mental Health Unit)

Training Accredited traininga given by the pulmonology service of Reina Sofía Hospital, Córdoba, Spain

Skills acquired Calibration, preparing patients, performing maneuvers, bronchodilation and repetition of spirometry

Automatic Validation Automatic validation Maximum of 8 maneuvers before achieving a minimum of 3 maneuvers of an
acceptable standardb Classification and automatic choice of the 2 best curves with repeatability criteriac

Reversibility test Repetition of 3 acceptable maneuvers 15 min after inhalation by bronchodilator (salbutamol, 400 μg)

Quantification
and diagnosis

External Validation External validation curves and volumes are assessed by a single researcher, head of the functional
test unit of the Pneumology Service at the Reina Sofía Hospital, Córdoba, Spain

Volumes Forced vital capacity (FVC), forced expiratory volume (FEV1) and the quotient of the two (FEV1/FVC)

Calculation of
lung age

Automatic and externally verified

Diagnosis
and staging

Presence and degree of respiratory obstruction, according to criteria established by the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) guideline

aThe accredited training consisted of learning the theoretical principles behind the test, how to handle and look after the material and how to perform spirometry
maneuvers and secure the selected measurements
bAcceptability criteria: the flow/volume curve must not contain artifacts, must start well and should last for at least 6 s
cRepeatability criteria: the two highest FVC and the two highest FEV1, with a difference between them of less than 0.15 L
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recent years [59]. Even so, although the most basic tools,
such as SMS, have become commonplace in the treatment
of smoking in the general population [60], their possible
use in disadvantaged populations such as smokers with
mental illnesses is still relatively unexplored [61].
Neurocognitive functioning will determine how the pa-

tients receive and make use of this information. In BD and
schizophrenia have been described deficits in attention/
processing speed, working memory and executive func-
tions. These are key elements to maintain goal-directed
behavior in general and stopping nicotine use in particu-
lar. The study design may allow a better understanding of
how these variables influence the possible use of tools pro-
viding medical information in these populations.
Nonetheless, considering their obvious limitations,

the results should be analyzed carefully. Despite the
open design of this study, due to the characteristics
of the intervention under evaluation, the main vari-
ables of efficacy and damage can be measured ob-
jectively through the techniques of cooximetry and
spirometry. The intensity of the experimental inter-
vention can be measured by two factors: the motiv-
ational value of the individualized information and
the importance of keeping up motivation in the fu-
ture. The control intervention is less intense, al-
though much greater than the usual option offered
in this type of population. The intervention is not
designed to propose any specific treatment, but to
prepare the patient for starting treatment and for at-
tending, when ready, the specialized Addictions Net-
work. Once in the real world the type of treatment,
level of adherence and results will all be assessed
objectively.
Community mental health care constitutes the ideal

setting for developing an intervention model based on
prevention. A multidisciplinary team who are familiar
with SMI patients and their health needs can offer
them, through regular follow-up checks, a new way of
approaching the problem of smoking through early
diagnosis and motivation. Studying the lung function
using spirometry is a valid way of doing this, as long
as the health professionals are suitably trained, and
the results are accurately validated and interpreted by
a specialist.

Abbreviations
ASI6: Spanish Addiction Severity Index, 6th version; ATS/ERS: American
Thoracic Society and the European Respiratory Society; BD: Bipolar disorder;
BMI: Body Mass Index; COPD: Chronic obstructive pulmonary disease;
CPD: Cigarettes/day; FEV1: Forced expiratory volume in 1 s;
FTND: Fagerström Test for Nicotine Dependence; GAAS: Global Activity
Assessment Scale; HARS: Hamilton Anxiety Rating Scale; HDRS: Hamilton
Depression Rating Scale; IPAQ: International Physical Activity Questionnaire;
MET: Metabolic Equivalent of Task; mMRC: Modified British Medical Research
Council scale; PANSS: Positive and Negative Syndrome Scale; ppm: Particles
per million; SMI: Serious mental illness; SMS: Text messages; SOC: Stages of
Change; YMRS: Young Mania Rating Scale

Acknowledgements
The authors would like to thank C. Sádaba, R. Luque and L. Padilla for their
assistance. We also thank the altruistic and generous participation of all the
patients in that project.

Funding
This study receives funding by the Spanish Ministry of Economy, Industry
and Competitiveness, Instituto Carlos III (FIS PI16/00802).

Availability of data and materials
Not applicable.

Authors’ contributions
MJJM participated in the design of the study and coordination and helped
to draft the manuscript. NF participated in the respiratory intervention, JRE
designed part of the intervention. FJM, GIP, IC, MDS, MSL, FV and JMP carried
out the spirometry. CGM, JAA, GCC, LCE and MIO participated in its design.
MA contributed in the design and supervision the recruitment. LG and VBM
helped to draft the manuscript. FSC conceived of the study, participated in
its design and helped to draft the manuscript. All authors read and approved
the final manuscript.

Ethics approval and consent to participate
The study protocol has been approved by the Ethics Committee of Reina
Sofía Hospital in Córdoba, Spain, and informed consent will be obtained
from each participating patient before recruitment.

Consent for publication
Not applicable.

Competing interests
VB-M. has received grants and served as consultant, advisor or continuing
medical education (CME) speaker during the last 5 years for the following
entities: Angelini Spain, Angelini Portugal, AstraZeneca, Bristol-Myers-Squibb,
Ferrer, Janssen. Juste, Lundbeck, Nutrición Médica, and Otsuka. JA Alcalá-Partera
has served as advisor to: Adamed, Lundbeck, Otsuka, Janssen-Cilag, Pfizer, Rovi
y Servier; and as speaker to: Janssen-Cilag, Pfizer y Servier. L. Gutiérrez-Rojas has
been a spokesperson for, and advisory board member of, Bristol-Myers
Squibb, Janssen-Cilag, Astra-Zeneca, Rovi, Lundbeck, Otsuka, GSK and
Pfizer. All other researchers report no biomedical financial interests or
potential conflicts of interests.

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

Author details
1Instituto Maimónides de Investigación Biomédica de Córdoba (IMIBIC),
Córdoba, Spain. 2Departamento de Ciencias Sociosanitarias, Radiología y
Medicina Física, Universidad de Córdoba, Córdoba, Spain. 3Unidad de
Gestión Clínica de Neumología, Hospital Universitario Reina Sofía, Córdoba,
Spain. 4Unidad de Drogas y Adicciones, Instituto Provincial de Bienestar
Social, Diputación de Córdoba, Córdoba, Spain. 5Unidad de Gestión Clínica
de Salud Mental, Complejo Hospitalario de Jaén, Córdoba, Spain. 6Unidad de
Gestión Clínica de Salud Mental, Hospital Universitario Reina Sofía, Avenida
Menéndez Pidal s/n 14014, Córdoba, Spain. 7Grupo de Investigación
Psiquiatría y Neurociencias (CTS-549), Instituto de Neurociencias, Universidad
de Granada, Granada, Spain. 8Área de Psiquiatría y Psicología Médica.
Departamento de Medicina, Servicio de Psiquiatría, Universidad de Valencia,
CIBERSAM, Hospital Universitario y Politécnico La Fe, Valencia, Spain. 9Unidad
de Gestión Clínica de Salud Mental, Hospital Infanta Margarita, Cabra, Spain.
10Unidad de Gestión Clínica de Salud Mental, Hospital Universitario Virgen de
la Victoria, Málaga, Spain. 11Unidad de Psiquiatría del niño y del adolescente,
Hospital Universitario Gregorio Marañón, Madrid, Spain. 12Centro de
Investigación Biomédica en Red de Salud Mental, CIBERSAM, 33006 Oviedo,
Spain.

Jaén-Moreno et al. Trials           (2019) 20:47 Page 9 of 11



Received: 8 August 2018 Accepted: 15 December 2018

References
1. Liu NH, Daumit GL, Dua T, Aquila R, Charlson F, Cuijpers P, et al. Excess

mortality in persons with severe mental disorders: a multilevel intervention
framework and priorities for clinical practice, policy and research agendas.
World Psychiatry. 2017;16(1):30–40.

2. Callaghan RC, Veldhuizen S, Jeysingh T, Orlan C, Graham C, Kakouris G, et al.
Patterns of tobacco-related mortality among individuals diagnosed with
schizophrenia, bipolar disorder, or depression. J Psychiatr Res. 2014;48(1):
102–10.

3. Evins AE, Cather C, Laffer A. Treatment of tobacco use disorders in smokers
with serious mental illness: toward clinical best practices. Harv Rev
Psychiatry. 2015;23(2):90–8.

4. Garcia-Portilla MP, Bobes J. Smoking cessation programs for persons with
schizophrenia: an urgent unmet need. Rev Psiquiatr Salud Ment. 2016;9(4):
181–4.

5. Anthenelli RM, Benowitz NL, West R, St Aubin L, McRae T, Lawrence D, et al.
Neuropsychiatric safety and efficacy of varenicline, bupropion, and nicotine
patch in smokers with and without psychiatric disorders (EAGLES): a
double-blind, randomised, placebo-controlled clinical trial. Lancet. 2016;
387(10037):2507–20.

6. Garcia-Portilla MP, Garcia-Alvarez L, Sarramea F, Galvan G, Diaz-Mesa E,
Bobes-Bascaran T, et al. It is feasible and effective to help patients with
severe mental disorders to quit smoking: an ecological pragmatic clinical
trial with transdermal nicotine patches and varenicline. Schizophr Res. 2016;
176(2–3):272–80.

7. Ruther T, Bobes J, De Hert M, Svensson TH, Mann K, Batra A, et al. EPA
guidance on tobacco dependence and strategies for smoking cessation in
people with mental illness. Eur Psychiatry. 2014;29(2):65–82.

8. Young RP, Hopkins RJ, Smith M, Hogarth DK. Smoking cessation: the
potential role of risk assessment tools as motivational triggers. Postgrad
Med J. 2010;86(1011):26–33 quiz 1-2.

9. Vangeli E, West R. Sociodemographic differences in triggers to quit
smoking: findings from a national survey. Tob Control. 2008;17(6):410–5.

10. Kelly DL, Raley HG, Lo S, Wright K, Liu F, McMahon RP, et al. Perception of
smoking risks and motivation to quit among nontreatment-seeking smokers
with and without schizophrenia. Schizophr Bull. 2012;38(3):543–51.

11. Thomson D, Berk M, Dodd S, Rapado-Castro M, Quirk SE, Ellegaard PK, et al.
Tobacco use in bipolar disorder. Clin Psychopharmacol Neurosci. 2015;13(1):
1–11.

12. Tidey JW, Rohsenow DJ. Smoking expectancies and intention to quit in
smokers with schizophrenia, schizoaffective disorder and non-psychiatric
controls. Schizophr Res. 2009;115(2–3):310–6.

13. Heffner JL, Strawn JR, DelBello MP, Strakowski SM, Anthenelli RM. The co-
occurrence of cigarette smoking and bipolar disorder: phenomenology and
treatment considerations. Bipolar Disord. 2011;13(5–6):439–53.

14. Partti K, Vasankari T, Kanervisto M, Perala J, Saarni SI, Jousilahti P, et al. Lung
function and respiratory diseases in people with psychosis: population-
based study. Br J Psychiatry. 2015;207(1):37–45.

15. Bobes J, Saiz Ruiz J, Manuel Montes J, Mostaza J, Rico-Villademoros F, Vieta
E. Spanish consensus on physical health of patients with bipolar disorder.
Rev Psiquiatr Salud Ment. 2008;1(1):26–37.

16. Saiz Ruiz J, Bobes Garcia J, Vallejo Ruiloba J, Giner Ubago J, Garcia-Portilla
Gonzalez MP. Consensus on physical health of patients with schizophrenia
from the Spanish Societies of Psychiatry and Biological Psychiatry. Actas Esp
Psiquiatr. 2008;36(5):251–64.

17. Johns DP, Walters JA, Walters EH. Diagnosis and early detection of COPD
using spirometry. J Thorac Dis. 2014;6(11):1557–69.

18. Tantucci C, Modina D. Lung function decline in COPD. Int J Chron Obstruct
Pulmon Dis. 2012;7:95–9.

19. Young RP, Hopkins R, Eaton TE. Forced expiratory volume in one second:
not just a lung function test but a marker of premature death from all
causes. Eur Respir J. 2007;30(4):616–22.

20. Sin DD, Wu L, Man SF. The relationship between reduced lung function and
cardiovascular mortality: a population-based study and a systematic review
of the literature. Chest. 2005;127(6):1952–9.

21. Wasswa-Kintu S, Gan WQ, Man SF, Pare PD, Sin DD. Relationship between
reduced forced expiratory volume in one second and the risk of lung
cancer: a systematic review and meta-analysis. Thorax. 2005;60(7):570–5.

22. Csikesz NG, Gartman EJ. New developments in the assessment of COPD:
early diagnosis is key. Int J Chron Obstruct Pulmon Dis. 2014;9:277–86.

23. Vestbo J, Hurd SS, Agustí AG, Jones PW, Vogelmeier C, Anzueto A, et al. Global
strategy for the diagnosis, management, and prevention of chronic obstructive
pulmonary disease. Am J Respir Crit Care Med. 2013;187(4):347–65.

24. Soriano JB, Zielinski J, Price D. Screening for and early detection of chronic
obstructive pulmonary disease. Lancet. 2009;374(9691):721–32.

25. Clotet J, Real J, Lorente I, Fuentes A, Paredes E, Ciria C. Spirometry as
method of screening and intervention in high-risk smokers in primary care.
Aten Primaria. 2012;44(6):328–34.

26. Bize R, Burnand B, Mueller Y, Rege Walther M, Cornuz J. Biomedical risk
assessment as an aid for smoking cessation. Cochrane Database Syst Rev.
2009;(2):Cd004705.

27. Parkes G, Greenhalgh T, Griffin M, Dent R. Effect on smoking quit rate of
telling patients their lung age: the Step2quit randomised controlled trial.
BMJ. 2008;336(7644):598–600.

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

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

30. Whittaker R, McRobbie H, Bullen C, Rodgers A, Gu Y. Mobile phone-based
interventions for smoking cessation. Cochrane Database Syst Rev. 2016;4:
Cd006611.

31. West R, Raw M, McNeill A, Stead L, Aveyard P, Bitton J, et al. Health-care
interventions to promote and assist tobacco cessation: a review of efficacy,
effectiveness and affordability for use in national guideline development.
Addiction. 2015;110(9):1388–403.

32. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
Electronic Data Capture (REDCap)—a metadata-driven methodology and
workflow process for providing translational research informatics support. J
Biomed Inform. 2009;42(2):377–81.

33. Fiore M, Jaén C, Baker T, Bailey W, Benowitz N, Curry S. Treating tobacco use
and dependence: 2008 update. Rockville: US Department of Health and
Human Services; 2008. Public Health Service Public Health Service
Washington, DC: US Government Printing Office.

34. Miller W, Rollnick S. Motivational interviewing: preparing people to change
addictive behavior. New York: Guilford Press Google Scholar; 1991.

35. Sádaba C. Elders’ Perceptions on the Role of ICTs on Their Lives. Human
Aspects of IT for the Aged Population Design for Aging: Second
International Conference Toronto, Canada: Springer; 2016. p. 238-44.

36. Fletcher C, Peto R. The natural history of chronic airflow obstruction. Br Med
J. 1977;1(6077):1645–8.

37. First M, Spitzer R, Gibbon M, Williams J. Entrevista clínica estructurada para
los trastornos del eje I del DSM-IV: SCID-I. Versión Clínica Ed Masson
Barcelona; 1999.

38. Bobes J, Bulbena A, Luque A, Dal-Re R, Ballesteros J, Ibarra N. A comparative
psychometric study of the Spanish versions with 6, 17, and 21 items of the
Hamilton Depression Rating Scale. Med Clin (Barc). 2003;120(18):693–700.

39. Colom F, Vieta E, Martinez-Aran A, Garcia-Garcia M, Reinares M, Torrent C, et al.
Spanish version of a scale for the assessment of mania: validity and reliability of
the Young Mania Rating Scale. Med Clin (Barc). 2002;119(10):366–71.

40. Peralta V, Cuesta MJ. Psychometric properties of the Positive and Negative
Syndrome Scale (PANSS) in schizophrenia. Psychiatry Res. 1994;53(1):31–40.

41. Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol.
1959;32(1):50–5.

42. Association AP. Escala de evaluación de la actividad global (EEAG).
Washington: DSM-IIIR Diagnostic amb Statistical Manuel of Mental
Disorders; 1987.

43. Garcia-Portilla MP, Garcia-Alvarez L, Saiz PA, Diaz-Mesa E, Galvan G, Sarramea
F, et al. Effectiveness of a multi-component smoking cessation support
Programme (McSCSP) for patients with severe mental disorders: study
design. Int J Environ Res Public Health. 2013;11(1):373–89.

44. Becona E, Vazquez FL. The Fagerstrom Test for Nicotine Dependence in a
Spanish sample. Psychol Rep. 1998;83(3 Pt 2):1455–8.

45. Richmond RL, Kehoe LA, Webster IW. Multivariate models for predicting
abstention following intervention to stop smoking by general practitioners.
Addiction. 1993;88(8):1127–35.

46. Gwaltney CJ, Metrik J, Kahler CW, Shiffman S. Self-efficacy and smoking
cessation: a meta-analysis. Psychol Addict Behav. 2009;23(1):56–66.

Jaén-Moreno et al. Trials           (2019) 20:47 Page 10 of 11



47. DiClemente CC, Prochaska JO. Self-change and therapy change of smoking
behavior: a comparison of processes of change in cessation and
maintenance. Addict Behav. 1982;7(2):133–42.

48. Díaz EM, Garcia-Portilla P, Saiz PA, Bobes TB, Casares M, Fonseca E, et al.
Psychometric performance of the 6th version of the Addiction Severity
Index in Spanish (ASI-6). Psicothema. 2010;22(3):513–9.

49. Pardo Lozano R, Alvarez Garcia Y, Barral Tafalla D, Farre Albaladejo M. Caffeine:
a nutrient, a drug or a drug of abuse. Adicciones. 2007;19(3):225–38.

50. Macleod J, Robertson R, Copeland L, McKenzie J, Elton R, Reid P. Cannabis,
tobacco smoking, and lung function: a cross-sectional observational study
in a general practice population. Br J Gen Pract. 2015;65(631):e89–95.

51. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et
al. International Physical Activity Questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003;35(8):1381–95.

52. Blanca R, Serra-Majem L, Hagströmer M, Ramon J, Ribas L. International
Physical Activity Questionnaire: reliability and validity in Spain. Med Sci
Sports Exerc. 2006;38:S563.

53. Wechsler D. Wechsler Memory Scale—third edition. Escala de Inteligencia
de Wechsler Para adultos III. Madrid: TEA Ediciones; 1999.

54. Reitan R, Wolfson D. The Halstead-Reitan neuropsychological test battery:
theory and clinical interpretation. Tucson: Neuropsychology Press; 1985.

55. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al.
Standardisation of spirometry. Eur Respir J. 2005;26(2):319–38.

56. Agusti A, Soler JJ, Molina J, Munoz MJ, Garcia-Losa M, Roset M, et al. Is the
CAT questionnaire sensitive to changes in health status in patients with
severe COPD exacerbations? Copd. 2012;9(5):492–8.

57. Bestall JC, Paul EA, Garrod R, Garnham R, Jones PW, Wedzicha JA. Usefulness
of the Medical Research Council (MRC) Dyspnoea Scale as a measure of
disability in patients with chronic obstructive pulmonary disease. Thorax.
1999;54(7):581–6.

58. Sarramea F, Jaen-Moreno MJ, Balanza-Martinez V, Osuna MI, Alcala JA,
Montiel FJ, et al. Setting the stage to quit smoking in bipolar disorder
patients: brief advice in clinical practice. Adicciones. 2018;0(0):1006.

59. Bonet L, Izquierdo C, Escarti MJ, Sancho JV, Arce D, Blanquer I, et al. Use of
mobile technologies in patients with psychosis: a systematic review. Rev
Psiquiatr Salud Ment. 2017;10(3):168–78.

60. Fiordelli M, Diviani N, Schulz PJ. Mapping mHealth research: a decade of
evolution. J Med Internet Res. 2013;15(5):e95.

61. Boland VC, Stockings EA, Mattick RP, McRobbie H, Brown J, Courtney RJ. The
methodological quality and effectiveness of technology-based smoking
cessation interventions for disadvantaged groups: a systematic review and
meta-analysis. Nicotine Tob Res. 2018;20(3):276–85.

Jaén-Moreno et al. Trials           (2019) 20:47 Page 11 of 11


	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Methods/design
	Study design
	Recruitment and randomization (see Fig. 1)
	Description of the intervention
	Control group
	Experimental group

	Safety protocol
	Patient and public involvement
	Result variables
	Data collection and monitoring (see Fig. 2)
	Spirometry
	Respiratory variables
	Statistical analysis

	Discussion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

