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Abstract
Background: Characterizing and comparing the determinant of cotinine concentrations in different populations
should facilitate a better understanding of smoking patterns and addiction. This study describes and characterizes
determinants of salivary cotinine concentration in a sample of Spanish adult daily smoker men and women.

Methods: A cross-sectional study was carried out between March 2004 and December 2005 in a representative
sample of 1245 people from the general population of Barcelona, Spain. A standard questionnaire was used to
gather information on active tobacco smoking and passive exposure, and a saliva specimen was obtained to
determine salivary cotinine concentration. Two hundred and eleven adult smokers (>16 years old) with complete
data were included in the analysis. Determinants of cotinine concentrations were assessed using linear regression
models.

Results: Salivary cotinine concentration was associated with the reported number of cigarettes smoked in the
previous 24 hours (R2 = 0.339; p < 0.05). The inclusion of a quadratic component for number of cigarettes smoked
in the regression analyses resulted in an improvement of the fit (R2 = 0.386; p < 0.05). Cotinine concentration
differed significantly by sex, with men having higher levels.

Conclusion: This study shows that salivary cotinine concentration is significantly associated with the number of
cigarettes smoked and sex, but not with other smoking-related variables.
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Background
Nicotine, the main alkaloid of tobacco, is responsible for
its addictive effect. It is readily absorbed from tobacco
smoke, and its concentration rises over 6-8 hours during
the day in regular smokers [1]. About 70 to 80% of nico-
tine is metabolized to cotinine [2]. As the primary metab-
olite of nicotine, cotinine has been widely used as a
specific biomarker of tobacco exposure because its half-
life in the body (12-20 hours) is longer than that of nico-
tine (3-4 hours) [1,2]. Cotinine in biological materials is
suitable for assessment of doses over short periods of time
(from 1 to 10 days, in urine, plasma, or saliva) or longer
periods (weeks or months, in hair or nails). Consequently
cotinine concentration is feasibly used as a biomarker in
epidemiological studies [3-5].

Cotinine measurements have been used to describe and
compare patterns of tobacco consumption in smokers in
different countries to establish if addiction and smoking
patterns vary across populations [6-8]. These studies show
that the number of cigarettes smoked is the main determi-
nant of salivary cotinine concentrations [9]. These studies
have been conducted in selected samples from a variety of
countries at different stages of the tobacco epidemic, such
as China, Mexico, Brazil, and Poland [9,10]. However,
there is scant information about the relation between coti-
nine measurements and smoking patterns in samples
from the general population.

Spain is currently in an advanced stage of the tobacco epi-
demic [10,11]. Data from the 2006 Spanish National
Health Interview Survey show prevalence rates of daily
smokers of 31.6% and 21.5% in adult men and women,
respectively [12]. In men, a steady increase in smoking
occurred during the first half of the twentieth century,
reaching a peak prevalence rate of 59.1% in the nineteen-
seventies. This peak was followed by a decade of stabiliza-
tion and a continued decrease of smoking until the
present. Uptake of smoking in women was delayed, with
a prevalence rate of 5% through the nineteen-seventies.
This was followed by a substantial increase throughout
the next two decades (22.5% by 1995), which only
recently stopped [11,13,14].

An understanding of cotinine concentration and smoking
patterns at the population level is potentially useful to
design suitable strategies for cessation. The aim of this
study is to describe and characterize the distribution of
salivary cotinine concentration in a representative sample
of adult (>16 years old) daily smokers in Barcelona,
Spain.

Methods
Study design and subjects
We conducted a cross-sectional study among the general
population of Barcelona, Spain, between March 2004 and

December 2005. A representative random sample by age,
sex, and district was drawn from the official 2001 popula-
tion census of Barcelona, a reliable source of population-
based information. To detect a difference in cotinine con-
centration in smokers of 50 ng/ml (with a mean value of
500 ng/ml and a standard deviation of 200 ng/ml), with
an alpha of 5% and a beta of 10% (statistical power of
90%), we estimated that a sample size of 337 smokers
would be needed. Considering a 27% prevalence of smok-
ing from the 2001 Health Survey of Barcelona, we esti-
mated a needed sample size of 1560 people, taking into
account smokers and non-smokers. In cases of non-
response, substitution by persons of the same sex within
the 5-year age group and residing in the same district was
allowed according to protocol.

Smoking status, secondhand smoke exposure as well as
demographic information were obtained by question-
naire, and a saliva specimen was collected to determine
cotinine concentration. The research and ethics commit-
tee of the Bellvitge University Hospital approved the study
protocol, and informed consent was obtained from all
participants. The procedure was as follows: a personal let-
ter was sent to eligible participants, and trained interview-
ers contacted the subjects (or a proxy for children) at
home and informed them about the study. Participants
signed the consent form, answered a questionnaire, and
provided a saliva specimen at home. The study ended in
December 2005 with a new Spanish law banning smoking
in public places and enclosed workplaces coming into
effect in January 2006 [15]. We expected changes in smok-
ing behavior after this date (number of cigarettes smoked
by smokers and passive exposure levels in nonsmokers)
and hence 315 selected participants were not approached.
By the end of the study, 1245 subjects had been inter-
viewed (participation rate of 79.8% from the initial sam-
ple drawn). The study design allowed replacement of the
index person by another person of the same sex, 5-year
age group, and district of residence. In 49.3% of cases the
first selected index person was interviewed; 24.4% of first
substitutes were interviewed; and 26.3% of second or sub-
sequent substitutes were interviewed. The final sample
interviewed included 285 daily smokers (at least 1 ciga-
rette per day), 62 occasional (non-daily) smokers, 354 ex-
smokers, 525 never-smokers, and 19 people were less
than 17 years of age. The present report is based on adults
who were daily smokers.

Measures
Questionnaire
We obtained information on demographics, and levels of
secondhand smoke exposure at home, work or study cen-
tre, and during leisure time. Detailed information was
also collected on self-reported smoking for smokers:
number of cigarettes smoked daily, number of cigarettes
smoked during the previous 24 and 48 hours, duration of
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smoking, brand of cigarettes smoked most often, brands
of cigarettes smoked during the survey day and in the pre-
vious day, use of cigarettes with filter tips, depth and fre-
quency of inhalation, use of other tobacco products, and
use of nicotine gum or patches.

Body mass index
We measured participants' weights and heights using a
standardized protocol (with an electronic portable scale
and a tape measure). Body mass index (BMI) was com-
puted as weight/squared height (kg/m2) and stratified
using standard categories of BMI (underweight: <18.50,
normal: 18.50-24.99, overweight: 25.00-29.99, and
obese: �30.00 kg/m2).

Saliva specimen
A standardized protocol for saliva collection was used.
Participants were asked to rinse their mouths and then
suck a lemon-flavored candy (Smint®) to stimulate saliva
production. They were asked first to spit out a small
amount of saliva, and then to spit about 8 ml into a poly-
propylene test tube. The specimens were kept at 4°C and
then frozen at -20°C in 3 ml aliquots for transport in dry
ice to the Bioanalysis Research Group of the Municipal
Institute for Medical Research (IMIM-Hospital del Mar).
Cotinine concentration in nanograms per milliliter (ng/
ml) was determined by gas chromatography, with detec-
tion by mass spectrometry (GC/MS) [16,17]. With this
technique, cotinine concentration can be quantified as
low as 1 ng/ml (limit of detection: 0.3 ng/ml; quantifica-
tion error <15%).

Data analyses
Sample exclusions
Of the 285 current adult daily smokers, 7 were excluded
from the analysis either because they did not provide a
saliva specimen or that cotinine determination was not
possible (i.e., insufficient sample). We included only cig-
arette smokers, hence 53 people who smoked other
tobacco products (mainly cigars and roll tobacco) were
excluded, as were 2 subjects who used nicotine gum or
nicotine patch for cessation. Additionally, 12 people were
excluded because their cotinine concentrations were too
high in relation to the self-reported consumption, that is,
over 35 ng/ml per one cigarette smoked. This level of coti-
nine represents the maximum level of absorption per one
cigarette smoked, assuming that the typical cotinine con-
centration of 12 ng/ml per cigarette is equivalent to the
usual absorption of 1 mg of nicotine per cigarette, and
that a cigarette smoker can absorb up to 3 mg of nicotine
per cigarette with very intense smoking [9]. The final sam-
ple for analysis consisted of 211 current daily smokers.

Variables
The outcome variable was salivary cotinine concentration
(ng/ml). Potential modifiers of the relation between coti-

nine concentration and the number of cigarettes smoked
in the last 24 hours included individual characteristics
(sex, age, educational level, BMI), type of tobacco (use of
regular or non-regular cigarettes [light, ultralight, mentho-
lated, low nicotine yield], use of blond or black tobacco,
and use of filter tips), and smoking behavior (frequency
and depth of smoke inhalation).

Statistical analyses
Medians and 25th and 75th percentiles (interquartile
range, IQR) of salivary cotinine concentration were com-
puted according to the different strata of the potential
modifiers. Median cotinine concentrations across the dif-
ferent variables were compared using non-parametric test
for medians. Simple linear regression was used to derive
the average increase in cotinine level (ng/ml) per one cig-
arette smoked, adjusting for the remaining variables. We
analyzed the relation between number of cigarettes
smoked in the previous 24 hours and salivary cotinine
concentration using multiple linear regressions according
to the strata of the potential modifiers of interest. Since
the distributions of cotinine concentration and of the
number of cigarettes were skewed, we first used log trans-
formation, but the fit of the models did not improve. Fol-
lowing previous studies [9,18], we included a quadratic
term for number of cigarettes to improve the models' fit.
We assessed the improvement of fit between the adjusted
and simple model with the F test statistic [19]. All models
were tested for the applicability of conditions of linear
regression (model specification, normality of errors,
homoscedasticity, absence of multicollinearity, absence
of outliers and lack of self-correlation). All analyses were
performed using SPSS v13.0 (SPSS Inc., Chicago, IL).

Results
Among the 211 current daily smokers (104 men and 107
women), the median age was 42.0 years (IQR 31.0-53.0).
The sample was uniformly distributed across educational
levels. The majority of participants (56%) were of normal
weight and 19.4% had smoked more than 20 cigarettes in
the last 24 hours. The median number of cigarettes
smoked according to selected sociodemographic and
smoking characteristics is shown in Table 1. The median
number of cigarettes smoked in the last 24 hours was 15.0
(IQR 8.0-20.0), with significantly higher consumption in
men compared to women (p < 0.05). Differences in ciga-
rette consumption were also found by type of tobacco:
smokers of black tobacco had smoked more cigarettes in
the last 24 hours (median: 20 cigarettes) than smokers of
blond tobacco (median: 12 cigarettes, p < 0.05).

Median cotinine concentrations by individual characteris-
tics and smoking parameters are shown in Table 2. The
overall median cotinine concentration was 146.5 ng/ml
(IQR 86.8-220.5). Median cotinine concentration differed
significantly by sex (172.6 ng/ml for men and 120.7 ng/
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ml for women, p < 0.001) regardless of the number of cig-
arettes smoked. Significant differences in cotinine concen-
trations were not found by age, educational level, or BMI
(Table 2).

As shown in Table 2, we found no statistically significant
differences in the salivary cotinine concentration by type
of cigarettes, use of filter, frequency, or depth of inhala-
tion. Median cotinine concentration was higher among
smokers of black tobacco (180.2 ng/ml) than among
smokers of blond tobacco (137.0 ng/ml; p = 0.043). This
association was confounded by the higher median con-

sumption by smokers of black tobacco (Table 1), and by
the predominance of men (70%) among users of black
tobacco. There was no association between the type of
tobacco smoked and cotinine concentration within strata
of number of cigarettes smoked (1-9, 10-19, and = 20 cig-
arettes in the last 24 hours) or of sex (data not shown).

Coefficients (�) derived from simple linear regression esti-
mate the average increase in cotinine concentration per
one cigarette smoked during the previous 24 hours (Table
3). The increase in cotinine concentration per one ciga-
rette smoked was 5.3 ng/ml in men and 7.7 ng/ml in

Table 1: Median number of cigarettes smoked in the last 24 hours and interquartile ranges in adult daily smokers, according to 
individual characteristics, type of tobacco, and smoking characteristics. 

n median (IQR*) p-value†

Total 211 15.0 (8.0, 20.0) -
Individual characteristics

Sex 0.002
Men 104 20.0 (10.0, 25.0)
women 107 10.0 (6.0, 20.0)

Age (years) 0.073
17-44 120 12.5 (8.3, 20.0)
45-64 79 19.0 (10.0, 25.0)
� 65 12 8.5 (4.8, 18.0)

Educational level 0.162
Less than primary and primary 68 16.5 (10.0, 20.0)
secondary 74 14.5 (8.8, 20.0)
university 68 11.5 (6.0, 20.0)

Body mass index (kg/m2)‡ 0.705
underweight 4 10.0 (7.0, 17.5)
normal 116 14.0 (8.0, 20.0)
overweight 66 15.0 (8.0, 20.8)
obese 21 20.0 (8.5, 30.0)

Type of tobacco
Type of cigarettes 0.040

regular 148 15.0 (8.5, 20.0)
non-regular (light, ultralight, etc.) 63 10.0 (8.0, 20.0)

Type of tobacco 0.003
blond 171 12.0 (8.0, 20.0)
black 40 20.0 (10.5, 28.8)

Use of filter tip 0.207
with filter 209 15.0 (8.0, 20.0)
without filter 2 7.0 (4.0, 10.0)

Smoking characteristics
Frequency of inhalation 0.014

all the time 21 20.0 (10.5, 20.0)
half the time 150 11.0 (7.0, 20.0)
seldom 39 20.0 (12.0, 30.0)

Depth of inhalation 0.739
light 22 16.0 (10.0, 22.5)
moderate 78 12.0 (7.9, 20.0)
deep 108 15.0 (8.0, 20.0)

Barcelona (Spain), 2004-2005.
* IQR: interquartile range
† non-parametric test for medians
‡ underweight: <18.50 kg/m2; normal: 18.50-24.99 kg/m2; overweight: 25.00-29.99 kg/m2; obese: _30.00 kg/m2
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women. No consistent trend was found in cotinine con-
centration by age; the greatest increase was observed in
participants <45 years (� = 7.0; 95% CI, 5.2 - 8.8 ng/ml).
Cotinine level increase per one cigarette smoked was
greater among subjects who were at normal weight (8.2
ng/ml) and overweight (6.5 ng/ml) than in those who
were obese (1.9 ng/ml). By type of tobacco, the greatest
increase in cotinine concentration per one cigarette
smoked was found in those smoking non-regular ciga-
rettes (8.4 ng/ml) and in smokers of blond tobacco (6.9
ng/ml). Consistent trends were not found by use of filter
tip, frequency, or depth of inhalation.

The distribution of salivary cotinine concentration in rela-
tion to the number of cigarettes smoked during the 24
hours prior to saliva collection is shown in Fig 1. In the
simple unadjusted linear model the number of cigarettes
smoked in the last 24 hours was a predictor of cotinine
concentrations (R2 = 0.339; solid line). A significant
improvement of the fit was obtained with a quadratic
model, in which the number of cigarettes smoked
accounted for almost 39% (adjusted R2) of the variance,
and the exposure-response relationship leveled-off near
20 cigarettes (Fig. 1; dashed line). [see Additional file 1]

Table 2: Median cotinine concentrations (ng/ml) and interquartile ranges in adult daily smokers, according to individual 
characteristics, type of tobacco, and smoking characteristics. 

n median (IQR*) p-value†

Total 211 146.5 (86.8, 220.5) -
Individual characteristics

Sex
men 104 172.6 (115.3, 255.4) < 0.001
women 107 120.7 (69.6, 208.8)

Age (years)
17-44 120 127.1 (82.8, 297.1) 0.090
45-64 79 171.1 (103.9, 239.4)
� 65 12 135.8 (54.6, 215.7)

Educational level
less than primary and primary 68 173.9 (106.1, 295.8) 0.194
secondary 74 134.4 (86.5, 216.2)
university 68 137.7 (67.4, 194.7)

Body mass index (kg/m2)‡

underweight 4 132.3 (72.4, 281.8) 0.151
normal 116 127.9 (85.1, 219.5)
overweight 66 155.3 (88.7, 223.3)
obese 21 166.6 (91.2, 224.2)

Type of tobacco
Type of cigarettes

regular 148 149.5 (96.6, 229.8) 0.313
non-regular (light, ultralight, etc.) 63 128.4 (74.7, 214.8)

Type of tobacco
blond 171 137.0 (84.5, 219.6) 0.043
black 40 180.2 (128.6, 259.5)

Use of filter tip
with filter 209 146.9 (89.7, 220.5) 0.157
without filter 2 41.9 (12.7, 71.0)

Smoking characteristics
Frequency of inhalation

all the time 21 166.6 (101.5, 207.1) 0.473
half the time 150 137.1 (83.1, 220.2)
seldom 39 177.3 (108.6, 248.8)

Depth of inhalation
light 22 151.3 (80.6, 306.9) 0.957
moderate 78 142.8 (98.8, 220.2)
deep 108 146.7 (84.8, 213.7)

Barcelona (Spain), 2004-2005.
* IQR: interquartile range
† non-parametric test for medians
‡ underweight: <18.50 kg/m2; normal: 18.50-24.99 kg/m2; overweight: 25.00-29.99 kg/m2; obese: _30.00 kg/m2
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Due to differences found in cotinine concentrations
between men and women, we analyzed these groups sep-
arately (Table 4). We observed an increment of 15.7 and
11.2 ng/ml in cotinine concentration per one cigarette
smoked at a consumption of 1 cigarette per day in the
quadratic model for men and for women, respectively.
Further adjustment for age, educational level, and BMI in
the quadratic model showed the best fit of the data with a
similar increase in the cotinine concentration by cigarettes
smoked (Table 4). Adjustment for other potential con-
founders identified in the bivariate analysis did not
improve the model fit and hence these variables were not

included in the final models (data not shown). Fig 2
shows the regression lines from linear and quadratic mod-
els for men and women. We verified the final models for
error specification, normality, homoscedasticity, multi-
collinearity, outliers and self-correlation, and all diagnos-
tics showed that the chosen models fulfilled the
assumption [see Additional file 1]

Discussion
This is the first study on smoking behavior in a Spanish
adult population using both a questionnaire and a
biomarker of tobacco exposure. Salivary cotinine concen-

Table 3: Average increase in cotinine concentration (ng/ml) in adult daily smokers per one cigarette smoked in the previous 24 hours, 
according to individual characteristics, type of tobacco, and smoking characteristics. Barcelona (Spain), 2004-2005.

n � * 95% CI† R2

Total 211 6.4 5.2, 7.7 0.338
Individual characteristics

Sex
men 104 5.3 3.5, 7.2 0.244
women 107 7.7 5.9, 9.5 0.412

Age (years)
17-44 120 7.0 5.2, 8.8 0.329
45-64 79 5.8 3.9, 7.8 0.329
� 65 12 6.1 -0.2, 12.5 0.316

Educational level
less than primary and primary 68 5.4 2.9, 7.8 0.226
secondary 74 6.5 4.6, 8.4 0.392
university 68 7.5 5.4, 9.6 0.435

Body mass index (kg/m2)‡

underweight 4 --§ --§ --§

normal 116 8.2 6.5, 9.9 0.439
overweight 66 6.5 4.3, 8.7 0.350
obese 21 1.9 -0.8, 4.8 0.102

Type of tobacco
Type of cigarettes

regular 148 5.8 4.4, 7.2 0.321
non-regular (light, ultralight, etc.) 63 8.4 5.7, 11.1 0.395

Type of tobacco
blond 171 6.9 5.5, 8.3 0.356
black 40 5.1 2.1, 8.0 0.244

Use of filter tip
with filter 209 6.3 5.1, 7.6 0.333
without filter 2 --§ --§ --§

Smoking characteristics
Frequency of inhalation

all the time 21 5.9 2.3, 9.5 0.384
half the time 150 8.4 6.8, 9.9 0.439
seldom 39 3.3 0.6, 6.0 0.147

Depth of inhalation
light 22 7.9 2.8, 13.0 0.348
moderate 78 4.9 2.7, 7.0 0.217
deep 108 6.8 5.2, 8.3 0.416

Barcelona (Spain), 2004-2005.
* estimates from simple linear regression
† 95% confidence interval of _
‡ underweight: <18.50 kg/m2; normal: 18.50-24.99 kg/m2; overweight: 25.00-29.99
kg/m2; obese: _30.00 kg/m2
§not computed for insufficient observations
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tration was associated with the number of cigarettes
smoked in the last 24 hours. This relation was better
explained with a quadratic function and in separate strata
for men and women. The greater the number of cigarettes
smoked, the greater the cotinine concentration in a linear
scale up to 20 cigarettes per day, after which the associa-
tion plateaus. A similar relation between salivary [6-9,20]
or serum [21] cotinine concentrations and number of cig-
arettes smoked has been observed in other studies.
Abrams et al. dichotomized tobacco consumption, and
found that for smokers of less than 25 cigarettes per day,
salivary cotinine concentration was highly correlated with
tobacco consumption, while among heavier smokers the
relation was not evident [22].

Other studies have found that cotinine concentration pla-
teaus at different numbers of cigarettes: 25 cigarettes per
day [23], 5 cigarettes per day [24], and 4 cigarettes per day
in adolescent smokers [25]. The evidence suggests that
cotinine concentration rises in a non-linear fashion with
increasing number of cigarettes smoked, but the point
where concentrations level off may vary across different
populations. This finding suggests a difference in how
people regulate their intake of nicotine to reach the
desired dose [2], even for adolescents, who may be more
susceptible to nicotine than adults and require only 4-5
cigarettes per day to satisfy their nicotine cravings [25].

We observed that cotinine concentrations differed by sex,
regardless of the number of cigarettes smoked. Some stud-
ies reported similar findings of higher cotinine concentra-
tions in men than in women [7,23,26,27], but other
studies did not find differences by sex [6,28]. Association
between urinary cotinine and cigarettes smoked according
to sex was found in a study in the USA: urinary cotinine
concentrations in men increased up to 34 cigarettes per
day and then declined, while no flattening was observed
in women [29]. The differences we observed by sex could
reflect not only differences in tobacco consumption by
sex, i.e., men usually smoke more cigarettes than women,
but also a difference in the metabolism of nicotine
between men and women [30,31].

Our data showed a higher cotinine concentration in
smokers of black tobacco that did not persist with control
for the number of cigarettes smoked. Whereas uptake of
carcinogens is higher among black tobacco smokers [32-
34], differences in nicotine uptake by type of tobacco
smoked have not been reported [35]. In our study, use of
filter, frequency, and depth of inhalation were not related
to cotinine concentrations. An explanation of these results
could be that smokers tend to maintain the same intake
level of nicotine by drawing in more smoke per cigarette
when they try to smoke fewer cigarettes. Benowitz et al.
reported that among people who reduced from 37 to 5

The distribution of salivary cotinine concentration in relation to the number of cigarettes smoked during the 24 hours prior to saliva collectionFigure 1
The distribution of salivary cotinine concentration in relation to the number of cigarettes smoked during the 
24 hours prior to saliva collection.
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The regression lines from linear and quadratic models for men and womenFigure 2
The regression lines from linear and quadratic models for men and women.
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cigarettes per day on average, the intake of tobacco toxins
per cigarette increased roughly threefold [36]. This could
also explain how cotinine concentrations level-off in
smokers of more than 20 cigarettes per day, when a certain
intake of nicotine is achieved [8,9].

The role of age in cotinine concentrations is still not clear,
since our results, as well as previous studies [7,37], indi-
cated no association between cotinine concentrations and
age, while others have found a significant association
[6,18,29,38]. Some studies have modeled the relation
between cotinine concentrations and cigarette consump-
tion by taking into account several of these variables. The
fit of the multivariate model improved once age, BMI,
educational level, and a quadratic term for cotinine were
included.

Study limitations and strengths
To our knowledge, this is one of the few studies in which
information about tobacco exposure was obtained in a
representative random sample of the general population
with a simultaneous use of a questionnaire and a biologi-
cal marker. In the USA, the National Health and Nutrition
Examination Survey (NHANES) provides population-
based national estimates of smoking prevalence using
both standard questionnaire and serum cotinine concen-
tration [39]. Most previous studies were based on selective
samples from existing observational studies
[6,8,18,25,37] or smoking cessation trials [21,22,29].
Other factors affecting validity also need to be considered.
Although the use of self-reported data from question-
naires could be a source of bias, self-reports on smoking
are accurate and have acceptable validity [40,41]. Coti-
nine is a specific biomarker of tobacco exposure [1,2], and
the laboratory methods are highly sensitive [17].

Some potential limitations deserve consideration. We
found that the model fit could be affected by the measure-

ment scale of the number of cigarettes. Smokers tend to
round up the number of cigarettes smoked, particularly
heavy smokers [42], and hence some information bias
due to digit preference cannot be disregarded. While some
loss of representativeness due to non-response might also
be possible, the sample did not differ by sex, age, and dis-
trict of residence from the Barcelona population. Moreo-
ver, the prevalence of smokers in the sample (28.6% of
men and 18.2% of women) was similar to that derived
from the 2006 Health Interview Survey of Barcelona
(27.3% of men and 20.6% of women) [43]. The participa-
tion rate was almost complete because the study design
allowed replacement of non-respondents by subjects in
the same strata of sex, age, and district of residence.

Conclusion
Cotinine concentration differed by sex and increased up
to consumption of 20 cigarettes per day and then flat-
tened at higher levels of smoking. Further investigation
may help to better understand the relationship between
number of cigarettes smoked, age, sex, weight, subjects'
levels nicotine or cotinine concentrations, and the degree
of nicotine dependence that may have implications in
smoking cessation.
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Table 4: Average increase in cotinine concentration (ng/ml) in adult daily smokers per one cigarette smoked in the previous 24 hours 
by type of regression model.

Estimation of model � * 95% CI R2 p-value†

Men (n = 103)
simple linear model 5.3 3.5, 7.2 0.244 ----
quadratic model 15.7 9.0, 22.3 0.313 < 0.05
quadratic model adjusted for covariates† 14.8 8.1, 21.5 0.353 < 0.05
Women (n = 104)
simple linear model 7.7 5.9, 9.5 0.412 ----
quadratic model 11.2 5.7, 16.7 0.421 0.188
quadratic model adjusted for covariates‡ 11.3 5.8, 16.7 0.458 0.078

Barcelona (Spain), 2004-2005.
� for the simple variable "number of cigarettes smoked in previous 24 hours" (for one cigarette smoked)
p-value for the change of fit between the adjusted models and the simple linear model adjusted for age, educational level, and body mass index
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Conclusions: After adjustment for the number of cigarettes 
smoked in the last 24 hr, time to first cigarette is associated with 
salivary cotinine concentration.

Introduction
Measurements of cotinine, the main metabolite of nicotine, have 
been widely used as a biomarker of nicotine intake (Rebagliato, 
2002). Cotinine concentration in different biological fluids varies 
with the number of cigarettes smoked (Abrams, Follick, Biener, 
Carey, & Hitti, 1987; Blackford et al., 2006; Etter, Vu, & Perneger, 
2000; Fu et al., 2009; Joseph et al., 2005; Olivieri et al., 2002) but is 
also influenced by other factors, such as smoking topography, ciga-
rette characteristics, or individual factors (Caraballo et al., 1998; 
Fidler, Jarvis, Mindell, & West, 2008; Muscat, Stellman, Caraballo, & 
Richie, 2009; Patterson et al., 2003; Swan, Habina, Means, Jobe, & 
Esposito, 1993). The time to smoking the first cigarette after awak-
ening has also been proposed as a predictor of cotinine levels 
(Muscat et al., 2009). This component of the Fagerström Test for 
Nicotine Dependence (FTND) has the strongest strength as a  
predictor of addiction to nicotine (Boyle et al., 2000; Heatherton, 
Kozlowski, Frecker, & Fagerström, 1991).

We examined the time to smoking the first cigarette after 
waking up as a predictor of the concentration of cotinine in  
saliva, a sample more easily collected than blood or urine. Because 

Abstract
Introduction: The time to first cigarette smoked after waking 
up appears to be a good predictor of plasma and urine cotinine 
levels; however, collection of blood and urine is difficult in pop-
ulation-based studies and may influence participation. We 
aimed to test whether time to first cigarette is associated with 
salivary cotinine.

Methods: We used data from a cross-sectional study on a repre-
sentative sample of the general population of Barcelona, Spain. 
We gathered information on smoking by means of a question-
naire and collected saliva for cotinine analysis. Of 1,245 par-
ticipants, 22.9% were daily smokers, and the final sample for 
analysis consisted of 210 daily smokers.

Results: There were significant associations between salivary 
cotinine and time to first cigarette, between cigarette consump-
tion and time to first cigarette, and between salivary cotinine 
and cigarette consumption. Salivary cotinine had decreased  
as time to first cigarette increased. After adjusting for cigarette 
consumption and sex, there were significant differences  
in mean salivary cotinine according to time to first cigarette  
(�5 min: 219.2 ng/ml; 6–30 min: 175.8 ng/ml; 31–60 min: 
168.5 ng/ml; >60 min: 137.2 ng/ml). All paired comparisons 
were significant (p < .001) except in the 6- to 30-min group 
versus the 31- to 60-min group (p = .701).
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of the high correlations among cotinine concentrations in blood, 
urine, and saliva (Benowitz, 1996), we anticipated finding an as-
sociation between time to first cigarette and salivary cotinine.

Methods
The data were collected in a cross-sectional study conducted dur-
ing 2004–2005 on the general population of Barcelona, Spain, that 
had the aim of describing the determinants of salivary cotinine 
concentration in both smokers (Fu et al., 2009) and nonsmokers 
(Martínez-Sánchez, Fernández, et al., 2009). The research 
and ethics committee of the Bellvitge University Hospital  
approved the study protocol, including the informed consent. 
Detailed information about the study design, sampling, analytic 
procedures, and baseline characteristics have been described 
elsewhere (Fu et al., 2009; Martínez-Sánchez, Fernández, et al., 
2009). In brief, a representative random sample by age, sex, and 
district of residence was drawn from the official 2001 population 
census, and replacement of the index person by another person 
of the same sex, 5-year age group, and district was allowed. We 
gathered information on smoking and secondhand smoke ex-
posure from 1,245 people by means of a face-to-face interview 
(participation rate of 79.8%). For smokers, the questionnaire 
included the number of cigarettes smoked during the last 24 hr 
and the FTND to assess nicotine dependence (Heatherton et al., 
1991). At the end of the interview, we collected 8 ml of saliva to 
determine cotinine concentration (in nanograms per milliliter). 
Samples were frozen at −20 °C in three aliquots and sent in dry 
ice to be analyzed by gas chromatography/mass spectrometry by 
the Bioanalysis Research Group of the Municipal Institute for  
Medical Research (Pascual et al., 2003). The sample included 
285 daily smokers (at least 1 cigarette/day); of these, 75 were 
excluded from analysis: 7 had insufficient or no saliva specimen, 
53 smoked only tobacco products other than cigarettes, 2 used 
nicotine replacement therapy, 12 had unreliably high cotinine 
concentration relative to their self-reported consumption, that 
is, more than 35 ng/ml per cigarette smoked (Blackford et al., 
2006), and 1 smoker had incomplete data on time to first cigarette 
(Item 1 from the Fagerström test). Hence, the current analysis 
included information from 210 adult (aged >16 years) daily 
smokers. We used the Spearman correlation coefficient and 
linear regression to explore the paired associations between 
salivary cotinine concentration, cigarette consumption in the 
last 24 hr, and the score obtained in the time to first cigarette 
item from the Fagerström test. We also compared the mean 
salivary cotinine concentration in the four categories of 
the time to first cigarette variable (�5, 6–30, 31–60, and >60 
min) using analysis of variance (ANOVA) and the Wilcox-
on test for independent samples, adjusting for cigarette  
consumption and sex. We also tested the effect modification of 
the association between number of cigarettes smoked in the 
last 24 hr and salivary cotinine by time to first cigarette: 
�30 min (high dependent phenotype) and >30 min (low 
dependent phenotype) using an interaction term in a  
linear regression model with a quadratic term for cigarette 
consumption.

Results
Most subjects smoked their first cigarette between 6–30 min 
(35.7%) and >60 min (34.8%) after waking up. There were 

no significant differences in the proportion of smokers in each 
category of the time to first cigarette variable by sex, except in �
5-min category, where there was a greater proportion of male 
smokers (20.2%) compared with female smokers (10.4%). Sali-
vary cotinine, cigarette consumption, and score of time to first 
cigarette item were moderately correlated (Table 1). There were 
significant linear associations between salivary cotinine concen-
tration and the score of time to first cigarette item (� = 57.0 ng/ml), 
between cigarette consumption and the score of time to first 
cigarette item (� = 5.4 cigarettes/day), and between salivary co-
tinine and cigarette consumption (� = 6.5 ng/ml). ANOVA 
analysis indicated that there were differences in salivary cotinine 
concentration according to the time to first cigarette (p < .001) 
that remained after adjustment for cigarette consumption and 
sex (data not shown). Furthermore, salivary cotinine concentra-
tion had a decreasing trend as time to first cigarette increased 
(Table 2). There were also significant differences in mean  
values of salivary cotinine for each comparison of the different 
categories of the time to first cigarette variable, except in the  
6- to 30-min group versus the 31- to 60-min group (Table 2). 
Figure 1 shows that the slopes were similar in high and low de-
pendent smokers (p for interaction = .812). Nevertheless, 89% 
of smokers from the high dependent phenotype (smoking  
at �30 min after waking up) had a salivary cotinine concentra-
tion more than 100 ng/ml, whereas the corresponding propor-
tion for low dependent phenotype smokers (smoking at >30 min 
after waking up) was 52%.

Discussion
The data show that the time to first cigarette smoked is associ-
ated with salivary cotinine concentration, regardless of the ciga-
rettes smoked in the last 24 hr. The shorter the time to first 
cigarette, the higher the salivary cotinine concentration. These 
results are in agreement with the findings described by Heather-
ton, Kozlowski, Frecker, Rickert, and Robinson (1989) when 
validating the Heavy Smoking Index to measure nicotine de-
pendence  and are similar to the results obtained with plasma 
and urinary cotinine (Muscat et al., 2009). Factors such as 
smoking topography and nicotine metabolism could explain 
this finding as smokers regulate their smoking behavior to com-
pensate for variations of nicotine levels in the body (Benowitz, 
2008). Thus, smokers from the high dependent phenotype may 
smoke more intensely and deeply at the first few minutes of the day  
after overnight abstinence, resulting in higher cotinine concen-
tration compared with low dependent smokers. The effect of 
these factors should be investigated in future studies, focusing 

Table 1. Correlation Matrix of Cigarette 
Consumption, Salivary Cotinine, and the 
Score of Time to First Cigarettea Among 
210 Spanish Daily Smokers (Barcelona, 
2004–2005)

Time to  
first cigarette

Cigarette  
consumption

Cigarette consumption .506* –
Salivary cotinine .533* .434*

 aItem 1 of the Fagerström Test for Nicotine Dependence.
*p < .001
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on interindividual differences. It is known that cigarette con-
sumption is the main determinant of cotinine concentration 
(Blackford et al., 2006; Fu et al., 2009), but individual differ-
ences in the way people smoke and in the nicotine metabolism 
make cigarette consumption an imprecise estimator of nicotine 
intake. Furthermore, the half-life of cotinine is about 16 hr, and 
its levels tend to build up throughout the day, remaining at near 
steady-state values, but the level of cotinine in the body in an 
individual is influenced by the daily exposure level and the rate 
of clearance (Benowitz, 1996).

Unlike Muscat et al. (2009), our data show that changes in 
cotinine concentration by number of cigarettes smoked is similar 

in high and low dependent smokers; nevertheless, cotinine con-
centration was higher among the most dependent smokers. This 
pattern seems to support the observed relation between salivary 
cotinine concentration and time to first cigarette, regardless of 
the number of cigarettes smoked. This finding is of particular 
interest, considering that the number of cigarettes smoked is a 
strong determinant of cotinine concentration.

Our results distinguished the differences in mean salivary 
cotinine values between each category of time to first cigarette 
better than mean plasma and urinary cotinine values (Muscat 
et al., 2009). The magnitude of the association between urine 
and blood cotinine concentrations could be affected by the dif-
ferences in production and excretion of creatinine according to 
some individual characteristics, such as age, sex, or race (Muscat 
et al., 2009). Since the collection of saliva is easier than collec-
tion of urine and less invasive than collection of blood, we 
consider salivary cotinine as the biomarker of choice for indica-
tion of tobacco intake differences according to the time to first 
cigarette.

One possible limitation of our study is the use of the  
cigarettes smoked within the last 24 hr as an indicator of to-
bacco consumption instead of the mean number of cigarettes 
smoked daily as widely used in the literature (Centers for 
Disease Control and Prevention, 1994). However, salivary coti-
nine is a good marker of recent tobacco consumption, and the 
24-hr recall period seems adequate (Blackford et al., 2006). Self-
reported data from questionnaires could be a possible source of 
bias, although self-report on smoking are considered accurate 
with an acceptable validity (Gorber, Schofield-Hurwitz, Hardt, 
Levasseur, & Tremblay, 2009; Patrick et al., 1994). Although we 
did not take into account in the analyses the time of the day the 
sample was collected, the half-life of cotinine (about 16 hr) and 
its ability to reflect exposure after 3–4 days assure a sensitive 
estimate of ongoing tobacco smoke exposure, and for this rea-
son, it is considered as a biomarker for daily intake (Benowitz, 
Hukkanen, & Jacob, 2009). Other possible factor that limits the 
comparison with the data from Muscat et al. (2009) is the use of 
a different definition of smoker, in our case, anyone who smokes 
at least 1 cigarette/day (and not a minimum of 5 cigarettes/day 
for a minimum of 1 year). The relatively small sample size pre-
vented us from further investigating potential interaction between 
time to first cigarette and other sociodemographic variables 
(e.g., sex, age, education, or social class) or other characteristics 
of smoking (frequency and depth of inhalation, type of  
cigarettes smoked, etc.), although we were able to observe  

Table 2. Mean and 95% CI of Salivary Cotinine Concentration (nanograms per milliliter) 
by Time to First Cigarette in 210 Spanish Daily Smokers (Barcelona, 2004–2005), 
Adjusted for Cigarettes Per Day and Sex

Time to first  
cigarette (min) n

Salivary cotinine (ng/ml) Time to first cigarette (min)a

Mean 95% CI �5 6–30 31–60 >60

�5 32 219.18 199.51–238.84 – < .001 < .001 <.001
6–30 75 175.79 164.08–187.50 – – .701 <.001
31–60 30 168.54 155.55–181.53 – – – <.001
>60 73 137.18 126.33–148.04 – – – –

Note. ap values for the Wilcoxon test for independent samples.
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Figure 1. Relation between cigarette consumption and salivary coti-
nine concentration by time to first cigarette (TFC) in 210 Spanish daily 
smokers (Barcelona, Spain, 2004–2005).
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significant results for the main hypothesis of the study. On the 
other hand, we found that the optimal cutpoint to distinguish 
between smokers and nonsmokers in our population was 9.2 
ng/ml (Martínez-Sánchez, Fu, 2009), and five smokers (2.4%) 
had salivary cotinine concentration under this value. Neverthe-
less, we excluded those smokers whose cotinine values were un-
reliable in relation to their self-reported consumption, that is, 
more than 35 ng/ml per cigarette smoked (Blackford et al., 
2006). Other strengths of our study include the use of data from 
smokers in the general population with a high participation 
rate (79.8%). In addition, saliva specimens were collected in  
different moments of the day, in workdays and weekends over 
20 months, minimizing possible errors due to day or time of the 
saliva collection or seasonality.

In conclusion, this study confirms that the time to first ciga-
rette smoked is associated with salivary cotinine concentration, 
regardless of the number of cigarettes smoked. These indicators 
of nicotine dependence can be used in population-based studies 
of smoking behavior.
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Nicotine depedence and salivary cotinine concentration in
daily smokers
Marcela Fua,c,e, Jose M. Martı́nez-Sáncheza,c,e, Antoni Agudob,d,
José A. Pascualf,g, Carles Arizah,i, Albert Moncadaj, Esteve Fernándeza,c,e

and The DCOT Study Investigators.

There is scant information on nicotine dependence in

smokers not seeking cessation treatment. This study

analyses the relationship between nicotine dependence,

measured by the Fagerström Test for Nicotine Dependence

(FTND), and salivary cotinine concentration in a sample of

smokers from the general population. We conducted a cross-

sectional study (2004–2005) of a representative sample of

the general population of Barcelona, Spain (n=1245). The

analysis included 196 daily smokers aged more than 16

years. Information on smoking was obtained by

questionnaire and cotinine concentration was determined in

saliva. Geometric means of cotinine concentration by every

single FTND item were computed, and multivariate linear

regression was used to explore the relationship among these

variables. Participants smoked a mean of 17.0 cigarettes per

day, and the mean FTND score was 3.27 (95% confidence

interval: 2.92–3.61). Subjects (17.3%; 95% confidence interval:

12.0–22.5%) had high nicotine dependence. Cotinine

concentration differed significantly by nicotine dependence

levels. In a multiple linear regression model including the

sum of the FTND items 2, 3, and 6, and the single FTND items

1, 4, and 5, adjusted for sex, the time to first cigarette after

waking up (item 1), the number of cigarettes smoked daily

(item 4), and smoking more in the first hours of the day

(item 5) were significantly related to salivary cotinine

concentration (R2=0.414). Salivary cotinine levels were

associated with nicotine dependence as measured by

the FTND, especially with the items on daily tobacco

consumption, time to first cigarette after waking up, and

smoking more in the first hours of the day. European Journal

of Cancer Prevention 00:000–000 �c 2011 Wolters Kluwer

Health | Lippincott Williams & Wilkins.
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Introduction
It is well established that smoking is mainly sustained by

dependence or addiction to nicotine (US Department of

Health and Human Services, 1988). Quitting smoking is

difficult once smokers are addicted to nicotine, and thus

they may require additional help besides their willingness

to quit. But dependence relies not only on nicotine

intake, but also on genetic and environmental factors,

including drug-associated stimuli and social pressure that

influence initiation and patterns of use (US Department

of Health and Human Services, 1988).

Assessing smokers’ dependence is crucial not only to

direct the treatment, but also for research purposes.

Different approaches have been used to assess depen-

dence, such as qualitative methods (questions addressed

to know whether the smoker has some difficulty to refrain

from smoking or to stop smoking), quantitative methods

(by means of standardized questionnaires), or objective

methods (such as measurement of biomarkers of nicotine

intake; West, 2004). Diagnostic criteria for dependence

from Diagnostic and Statistical Manual of Mental

Disorders Fourth Edition, Text Revision and International

Classification of Diseases-10th Revision are widely used

for clinical purposes, and require a structured interview

done by experts. The Fagerström Test for Nicotine

Dependence (FTND; Heatherton et al., 1991) is a self-

administered tool widely used for clinical and epidemio-

logical purposes (Gerstenkorn, 2000; Gallus and

La Vecchia, 2004; Gallus et al., 2005; Diaz et al., 2005).
It is a short six-item test reflecting a continuum of

dependence, with a demonstrated validity and a good

relation with biological measures of smoking (Heatherton

et al., 1991). A shorter version of this questionnaire,

the Heavy Smoking Index (HSI), has also a demonstrated

validity (Heatherton et al., 1989; 1991; Benowitz,

1996).

Research paper 1

0959-8278 �c 2011 Wolters Kluwer Health | Lippincott Williams & Wilkins DOI: 10.1097/CEJ.0b013e32834a7e59

CE: Satish ED: Dheiran Op: csr CEJ 200518: LWW_CEJ_200518

:::::;::Xc::=



The use of a biological marker of tobacco smoking such as

cotinine to assess dependence, in addition to question-

naires, may provide a more comprehensive description on

the complex patterns of tobacco consumption at both

clinical setting and population level. Nicotine depen-

dence at a population level has seldom been assessed

(Fagerström and Furberg, 2008). The aim of this study

was to analyse the relationship between nicotine

dependence, measured by the FTND, and salivary

cotinine concentration in adult daily smokers from the

general population.

Methods
We conducted a cross-sectional study on the general

population of Barcelona, Spain, between March 2004 and

December 2005. A representative sample was drawn from

the 2001 residents’ register of Barcelona by simple random

sampling. To detect a difference in smokers’ cotinine

concentration of 50ng/ml (with a mean value of 500ng/ml

and a standard deviation of 200ng/ml), with an a value of

5% and a b of 10% (statistical power of 90%), we estimated

that a sample size of 337 smokers would be needed.

Considering that the prevalence of smokers from the 2001

Health Survey of Barcelona was 27%, we estimated a sample

size of 1560 people, taking into account smokers and

nonsmokers. A letter was sent to eligible participants

explaining the study, and trained interviewers contacted

them at home. In case they were less than or equal to 16

years, a proxy was used to assist the interview. When a

nonresponse occurred (refusal to participate or after seven

unsuccessful attempts), it was replaced by an individual of

the same sex, 5-year age group, and district, also selected at

random from the population. The research and ethics

committee of the Bellvitge University Hospital approved

the study protocol. Participants gave the informed consent

form, answered a questionnaire, and provided a saliva

specimen to determine the cotinine concentration. The

study was ended just before 1 January 2006, when the new

Spanish smoking law came into effect (Fernandez, 2006).

This law bans smoking in all enclosed public spaces and in

all workplaces, with some exceptions in hospitality sector;

hence, some changes in smoking behaviour could be

expected because of the law. Therefore, 1245 people were

interviewed and 315 people could not be approached before

31 December. From the 1245 participants, 285 were daily

smokers (at least one cigarette per day), 62 were occasional

(nondaily) smokers, 354 exsmokers, 525 never smokers, and

19 were less than or equal to 16 years, who were interviewed

(either directly or using a proxy respondent) on second-hand

smoke exposure only. We focused on adult people who were

daily smokers.

Measures

Questionnaire

Besides sociodemographics and second-hand smoke expo-

sure in different settings, detailed information on smoking

habits was gathered from smokers: number of cigarettes

smoked daily and during the previous 24 and 48h, age at

which they started smoking, brand of cigarettes usually

smoked and those used in the last 24 and 48h, use of

cigarettes with filter tips, depth and frequency of inhalation,

use of other tobacco products, and use of nicotine gum or

patches. Nicotine dependence was assessed with the

FTND. Questions included: time to the first cigarette

smoked after waking up, difficulty to refrain from smoking

where it is forbidden, cigarette that the smoker hates most

to give up, number of cigarettes smoked per day, time of the

day when smoking is more frequent, and smoke when ill.

FTND score ranges from 0 to 10, with higher scores

indicating more nicotine dependence.

Body mass index

We measured participants’ weight and height with an

electronic portable scale and a tape measure, and the

body mass index (BMI) was calculated as weight/squared

height, in kg/m2. We used standard categories of BMI in

analyses: underweight (<18.50), normal (18.50–24.99),

overweight (25.00–29.99), and obese (Z 30.00).

Saliva specimen

After a standardized protocol, interviewers asked the

participants to rinse their mouths and suck a lemon-

flavoured candy (Smint) to stimulate salivation. They were

asked first to spit out a small amount of saliva, and then to

spit about 8ml of saliva into a polypropylene test tube. The

specimen was kept at 41 and then frozen at – 201C in 3ml

aliquots for transport in dry ice to the Bioanalysis Research

Group of the Municipal Institute for Medical Research

(IMIM-Hospital del Mar). Cotinine concentration in

nanograms per millilitre was determined by gas chromato-

graphy/mass spectrometry, as done in other studies (Shin

et al., 2002), and quantified as low as 1ng/ml (limit of

detection: 0.3 ng/ml; quantification error <15%).

Strategy of analysis

Sample exclusions

From 285 daily smokers, seven were excluded from the

analysis because of missing cotinine concentration data (due

to scant sample, or saliva specimen not provided). As we

focused on cigarette smokers only, we excluded 53 people

who smoked other tobacco products (mainly cigars and roll

tobacco) and two people who were using nicotine gums or

nicotine patches for cessation. Twelve were excluded

because their cotinine concentration were unreliable in

relation to their self-reported consumption, that is, over

35ng/ml per cigarette smoked (Blackford et al., 2006), and
15 people were also excluded because they had incomplete

information to obtain FTND score. Thus, the final sample

for analysis consisted of 196 adult daily smokers.

Variables

The outcome variable was salivary cotinine concentration

(ng/ml). We calculated the FTND score (0–10 points)

2 European Journal of Cancer Prevention 2011, Vol 00 No 00
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and classified the smokers according to nicotine depen-

dence levels as described by Fagerstrom et al., 1990:

low=0–4, medium=5, and high=6–10. Other variables

concerning individual characteristics (sex, age, educa-

tional level, and BMI), type of tobacco [regular vs.

nonregular (light, ultralight, etc.), blond vs. black], and

smoking characteristics (frequency and depth of inhala-

tion) were considered to adjust the relation between

FTND scores and salivary cotinine concentration.

Statistical analyses

We calculated geometric means (GMs), geometric

standard deviations, and 95% confidence intervals (CI)

to describe FTND scores and salivary cotinine concen-

tration by individual characteristics, type of tobacco, and

smoking characteristics. As the distributions were non-

normally distributed, we analysed the salivary cotinine

concentration and the FTND scores according to the

variables of interest using the Wilcoxon test and the

Kruskal–Wallis test to assess differences in each group.

We also studied the distribution of cotinine concentration

according to each single FTND item. We explored the

correlation between salivary cotinine concentration and

the overall FTND score using a scatterplot and Spear-

man’s rank correlation. We used log-transformed salivary

cotinine concentration to adjust multiple linear regres-

sion models including the overall FTND score, a single

FTND item, and all single FTND items, adjusting for

potential confounders. We chose the model with the best

fit according to the partial F-test (indicating the

significant variables to maintain in every step). We tested

the final model for the applicability of conditions of linear

regression. All analyses were conducted using SPSS, v15.0

(SPSS Inc., Chicago, Illinois, USA).

Results
From all 196 daily smokers, 51% were women and

approximately 60% were between 17 and 44 years.

Participants were similarly distributed across educational

levels. Most of them (58.0%) had a normal weight. The

average cigarette consumption was 17.0 cigarettes per day.

The distribution of FTND scores was bimodal; 18.4% of

participants had 0-point score, and 44.4% had scores

Table 1 Fagerström Test for Nicotine Dependence scores and salivary cotinine concentration (ng/ml) according to individual and tobacco
consumption characteristics

FTND score Salivary cotinine concentration

n % Mean (SD) P value GM (SDG) P value

Total 196 100.0 3.27 (2.43) — 113.65 (2.92) —
Individual characteristics

Sex 0.047a <0.001a

Men 96 49.0 3.66 (2.55) 141.94 (2.77)
Women 100 51.0 2.89 (2.27) 91.82 (2.95)

Age (years) 0.344b 0.180b

17–44 116 59.2 3.07 (2.32) 107.01 (2.89)
45–64 69 35.2 3.62 (2.61) 128.04 (3.00)
Z65 11 5.6 3.09 (2.47) 101.57 (2.74)

Educational level 0.226b 0.024b

Less than primary and primary 62 31.6 3.63 (2.56) 141.85 (3.05)
Secondary 69 35.2 3.35 (2.29) 109.85 (2.74)
University 65 33.2 2.83 (2.42) 95.38 (2.91)

Body mass index (kg/m2; n=193) 0.849b 0.419b

Normalc 112 58.0 3.28 (2.36) 108.87 (2.75)
Overweight 62 32.2 3.13 (2.49) 125.32 (2.87)
Obese 19 9.8 3.32 (2.79) 97.94 (4.32)

Type of tobacco
Type of cigarettes 0.078a 0.162a

Regular 139 70.9 3.46 (2.44) 119.96 (2.89)
Nonregular (light, ultralight, etc.) 57 29.1 2.79 (2.37) 99.63 (2.97)

Type of tobacco 0.011a 0.042a

Blond 164 83.7 3.05 (2.30) 109.38 (2.83)
Black 32 16.3 4.38 (2.79) 138.31 (3.35)

Smoking characteristics
Frequency of inhalation 0.187b 0.209b

All the time 18 9.2 3.33 (2.63) 109.28 (2.75)
Half the time 142 72.4 3.08 (2.41) 108.75 (2.93)
Seldom 36 18.4 3.94 (2.35) 137.94 (2.97)

Depth of inhalation (n=194) 0.592b 0.678b

Light 20 10.3 3.50 (2.70) 150.74 (2.34)
Moderate 76 39.2 3.00 (2.17) 115.13 (2.72)
Deep 98 50.5 3.39 (2.58) 104.94 (3.19)

FTND, Fagerström Test for Nicotine Dependence; SD, standard deviation; GM, geometric mean; SDG, GM’s standard deviation.
Barcelona (Spain), 2004–2005
aWilcoxon test for two independent samples.
bKruskal–Wallis test for several independent samples.
cIt includes four cases that were underweight.
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between 3 and 5. None of them scored the maximum 10

points. The FTND scores and salivary cotinine concen-

tration according to individual characteristics, type of

tobacco, and other smoking characteristics are shown

in Table 1. The mean FTND score for all participants was

3.27 and differed by sex (3.66 for men and 2.89 for

women; P<0.05). No statistically significant differences

in FTND scores by sex were found across different

categories of tobacco consumption (data not shown). The

highest scores were found in the 45–64 years age group, in

the lowest educational level group, and in smokers who

were obese, although these differences were nonstatisti-

cally significant. The FTND scores differed by the type

of tobacco (3.05 in smokers of blond tobacco and 4.38 in

smokers of black tobacco; P<0.05). Other significant

differences or consistent trends in cotinine concentration

were not found.

The overall GM of salivary cotinine concentration was

113.65 ng/ml (95% CI: 97.74–132.15 ng/ml). There were

significant differences by sex; men had a higher cotinine

concentration (GM: 141.94 ng/ml; 95% CI: 115.50–

174.42 ng/ml) than women (GM: 91.82 ng/ml; 95% CI:

74.09–113.78 ng/ml). We observed significant differences

in salivary cotinine concentration by educational level,

with the highest value at the lowest category, and by type

of tobacco, with higher value in the black-tobacco

group. Salivary cotinine concentration was correlated

with FTND scores (Spearman’s P=0.628), as shown in

Fig. 1. The GMs of cotinine concentration were 87.45,

159.12, and 246.29 ng/ml for people with low, medium,

and high dependence, respectively (P<0.001; Tables 2).

GMs of salivary cotinine concentration according to the

single FTND items are shown in Table 2. All items

except item 2 showed differences in salivary cotinine

concentrations, with higher concentrations at higher

single score. We performed multiple linear regressions

to obtain the model that better explains salivary cotinine

concentration. We first performed a linear regression

model including the overall FTND score and then we

included potential confounders (sex, age, educational

level, BMI, type of cigarettes, type of tobacco, frequency,

and depth of inhalation) and the only statistically

significant variable was sex. Models including a single

FTND item plus sex (one model per each item) were all

significant except that including item 2. A model

including all single items and sex indicated that the

items 1, 4, and 5 were significantly associated with

cotinine concentration. Finally, a model including the

Fig. 1
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sum of the scores in the items 2, 3, and 6, and the single

significant items 1, 4, and 5 and sex accounted for

41.4% of variance (Table 3). We tested the final model for

error specification, normality of errors, homoscedasticity,

multicollinearity, outliers, and self-correlation, and all

diagnostics indicated that the model fulfilled the

assumptions.

Discussion
We found that the FTND scores and the salivary cotinine

concentration were related. The best predictors of

cotinine concentration were items 1, 4, and 5. This is in

agreement with the previous evidence (Heatherton et al.,
1991); two of these items form the HSI, the FTND brief

alternative to assess dependence.

Table 2 Salivary cotinine concentrations (ng/ml) according to Fagerström Test for Nicotine Dependence items

n % GM SDG P value

All cases 196 100.0 113.65 2.92 —
Nicotine dependence levels < 0.001a

Low (0–4 points) 135 68.9 87.45 3.11
Medium (5 points) 27 13.8 159.12 1.87
High (6–10 points) 34 17.3 246.29 1.62

FTND items:
(1) Time to first cigarette < 0.001a

After 60min (0 points) 72 36.7 56.03 3.21
31–60min (1 point) 28 14.3 134.29 1.55
6–30min (2 points) 66 33.7 178.98 1.85
Within 5min (3 points) 30 15.3 195.59 3.12

(2) Difficult to refrain from smoking 0.054b

No (0 points) 179 91.3 108.75 3.01
Yes (1 point) 17 8.7 180.92 1.53

(3) Cigarette hating most to give up <0.001b

All others (0 points) 109 55.6 88.40 3.11
The first one in the morning (1 point) 87 44.4 155.71 2.45

(4) Cigarettes per day <0.001a

10 or less (0 points) 65 33.2 50.03 3.69
11–20 (1 point) 82 41.8 146.94 1.88
21–30 (2 points) 30 15.3 228.73 1.63
31 or more (3 points) 19 9.7 205.99 1.65

(5) Smoking more in the first hours of the day <0.001b

No (0 points) 141 71.9 95.14 3.16
Yes (1 point) 55 28.1 179.27 1.91

(6) Smoking when ill 0.003b

No (0 points) 159 81.1 101.65 3.11
Yes (1 point) 37 18.9 183.60 1.66

Barcelona (Spain), 2004–2005.
FTND, Fagerström Test for Nicotine Dependence; GM, geometric mean; SDG, GM’s standard deviation
aKruskal–Wallis test for several independent samples.
bWilcoxon test for two independent samples.

Table 3 Regression model of salivary cotinine concentrationa

b SE P R2

Model 0.414
Constant 1.767 0.100 <0.001
Item 1 from FTND: time to first cigarette

After 60min (0 points) Ref. — —
31–60min (1 point) 0.149 0.093 0.111
6–30min (2 points) 0.284 0.072 <0.001
Within 5min (3 points) 0.202 0.103 0.052

Item 4 from FTND: cigarettes per day
10 or less (0 points) Ref. — —
11–20 (1 point) 0.329 0.068 <0.001
21–30 (2 points) 0.428 0.092 <0.001
31 or more (3 points) 0.427 0.113 <0.001

Item 5 from FTND: smoking more in the first hours of the day
No (0 points) Ref. — —
Yes (1 point) 0.140 0.061 0.023

Sum of partial scores of items 2, 3, and 6 from FTND 0.022 0.040 0.590
Sex

Men Ref. — —
Women –0.105 0.054 0.052

Barcelona (Spain), 2004–2005.
FTND, Fagerström Test for Nicotine Dependence; SE, standard error.
aLog-transformed salivary cotinine concentration.
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We also found that FTND scores differed by sex, with

men having higher scores, as in other studies (Fagerström

et al., 1996; Becoña and Vazquez, 1998; Gerstenkorn,

2000; Gallus et al., 2005; Fagerström and Furberg, 2008). A

previous study in a Spanish population found differences

in FTND scores by sex and by age groups, and found that

the FTND scores were affected by the cigarettes smoked

daily (Becoña and Vazquez, 1998). When we compared

the FTND scores by categories of tobacco consumption,

the differences between men and women did not appear

as significant. Factors related to sex (i.e., biological

differences in the metabolism of men and women) or to

sex (i.e., behavioural differences in the way women and

men smoke) possibly influencing nicotine dependence

should be further investigated (Benowitz et al., 2006; Me-

likian et al., 2007; Pauly, 2008). Genetic factors may also

be playing a role in dependence. Although salivary or

plasmatic cotinine have shown to be excellent markers of

exposure, monitoring the metabolic ratio between the

two nicotine metabolites, trans 30-hydoxycotinine and

cotinine, has been proposed as a marker of CYP2A6

activity, responsible for the metabolism of nicotine to

cotinine, and therefore having a role in nicotine

dependence (Dempsey et al., 2004; Malaiyandi et al.,
2006). Some studies have related the ratio between these

metabolites and the FTND or other questionnaires

measuring dependence; but none of them have found a

significant association (West et al., 2011). Other metabolic

routes (e.g. glucuronidation) have also been proposed as

genetic determinants of nicotine fate (Lessov-Schlaggar

et al., 2009). However, the multiple genetic factors

involved produce large variations of those metabolic

ratios reducing its potential use as direct markers of a

specific trait (Swan et al., 2009).

When we described salivary cotinine concentration

according to FTND scores, we observed a positive

relation between these variables; the more the FTND

scores, the more the cotinine concentration. GMs showed

that salivary cotinine concentration levelled off at

medium and high FTND scores. This shape is similar

to the described quadratic relation (first linear and then

flat) between the cotinine concentration and the number

of cigarettes smoked (Caraballo et al., 1998; Joseph et al.,
2005; Blackford et al., 2006; Fu et al., 2009). This similarity

could be due to the fact that the tobacco consumption is

a significant contributor to the FTND scores. It seems

that more dependent smokers have higher tobacco

consumption and have higher cotinine concentration

than less dependent smokers. Nevertheless, tobacco

consumption is generally not closely associated with

dependence, especially in groups of smokers who are

quitting (West et al., 2011). Thus, in addition to the

tobacco consumption, other factors might also have an

effect on cotinine concentration and could explain the

flat form of the relation in the highest strata of

consumption and in the highest FTND scores. Although

the first cigarettes of the day produce the most intense

effects over physiological and behavioural responses

(Henningfield and Benowitz, 2004), the last cigarettes

of the day in heavy smokers would not be a meaningful

contributor to cotinine concentration once smokers had

reached the desired levels of nicotine in the body. In any

case, the flat form of the distribution of salivary cotinine

concentration in the highest FTND scores should be

considered with caution, because the sample included

few very high-dependent smokers.

The mean FTND score in our sample was 3.27, similar to

those found in other population-based studies (Fagerström

et al., 1996; Gallus et al., 2005; Joseph et al., 2005; Blackford
et al., 2006; Fagerström and Furberg, 2008). As in another

Spanish sample (de Leon et al., 2002), our data showed that

17.3% of smokers had a high nicotine dependence. These

figures are smaller than those found in Poland (46.3%; Ger-

stenkorn, 2000) and close to the 20% in Italy (Gallus and La

Vecchia, 2004) and to the 18.5% in the Spanish data from

the WHO Countrywide Integrated Noncommunicable

Diseases Intervention Programme (Gerstenkorn, 2000),

thus reflecting the different stages in the progression of

the tobacco epidemic (Lopez et al., 1994) in these

populations.

Study limitations and strengths

This is the first study in Spain that assesses the relationship

between nicotine dependence and a specific biomarker of

tobacco consumption such as salivary cotinine. The

methods used for cotinine analyses are highly sensible

(Pascual et al., 2003), and the questionnaire used has an

acceptable validity (Fernandez et al., 2007). Nevertheless,

we cannot ignore some limitations in our study. The fit of

models could be affected by the trend of the respondents to

round off the tobacco consumption, specifically the heaviest

smokers (Klesges et al., 1995), and hence some information

bias due to digit preference cannot be disregarded. This

potential bias could be also affecting the shape of the

relation between salivary cotinine and FTND scores, as

tobacco consumption is an important contributor to the

FTND score. Some loss of representativeness due to

nonresponse might also be possible, on the other hand, the

sampling strategy used (sampling with replacement) could

result in a potential bias, if willingness to participate would

be related to the outcomes investigated. Nevertheless, our

sample did not differ by sex, age, district of residence, and

smoking behaviour from the Barcelona population because

the design allowed replacement according to those

variables. The prevalence of daily smokers in our sample

(28.6% of men and 18.2% of women) was similar to that

derived from the 2006 Health Interview Survey of

Barcelona (27.3% of men and 20.6% of women; Villalbı́

et al., 2009).

In conclusion, our findings suggest that salivary cotinine

is associated with nicotine dependence. Salivary cotinine

concentration was best associated with the FTND items

6 European Journal of Cancer Prevention 2011, Vol 00 No 00
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related to daily tobacco consumption, time to first

cigarette smoked after waking up, and smoking more in

the first hours of the day. This study confirms the FTND

and its simplified version (the 2-item HSI) as useful tools

to assess nicotine dependence in both clinical settings

and epidemiological studies. As changes in prevalence

consumption are not expected in the European region in

the very next years (Strong et al., 2008), monitoring

dependence at the population level is needed to describe

potential changes in smokers.
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Objective. We assessed whether the salivary cotinine content of daily smokers varied with the readiness
to quit and smoking characteristics.

Methods. This cross-sectional study was conducted in Barcelona, Spain (n=1245) in 2004–2005. We
administered a questionnaire to assess smoking behaviour and collected saliva to determine the cotinine
content. We determined the distribution of 278 adult daily smokers across different stages of change and
categorised them by individual and smoking characteristics. We used medians and interquartile ranges (IQR)
to relate cotinine concentrations to different stages of change, tobacco consumption, and nicotine dependence
based on the Fagerström Test for Nicotine Dependence (FTND).

Results. Around 68%, 22%, and 11% of smokers were in precontemplation, contemplation, and preparation
stages, respectively. A mean of 17.0 cigarettes was smoked daily, with no differences among stages of change.
The median cotinine concentration was 151.3 ng/ml (IQR: 83.2–227.8 ng/ml), with no differences among
stages of change. The cigarette consumption scores, FTND, and time to first cigarette of the daywere positively
associated with cotinine concentration.

Conclusions. The cotinine concentration was similar among the stages of change, but varied within each
stage according to the number of cigarettes smoked, time to first cigarette of the day, and nicotine
dependence.

© 2010 Elsevier Inc. All rights reserved.

Introduction

Tobacco smoking is the main cause of premature mortality in
developed countries. Nicotine, the main alkaloid of tobacco, is mainly
responsible for the addictive effect of tobacco. Many smokers cannot
quit due to nicotine dependence. Nevertheless, success in quitting
smoking depends on both the magnitude of the smoker's dependence
on tobacco and on the strength of his/her motivation to quit (West,
2004).

The transtheoretical model is a conceptual frameworkwidely used
to study the process of quitting smoking. It is an integrative model of
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behavioural change based on the decision making process of the
individual. It implies that the processes of change occur in 5 stages.
Movement through these stages involves a progression/regression
process that smokers undergo before they quit smoking (Prochaska
et al., 1992).

The stages of change model has received some criticism (Etter and
Perneger, 1999; West, 2005) and the evidence for the effectiveness of
stage-based interventions on smoking cessation is controversial
(Riemsma et al., 2003; Spencer et al., 2002). Nevertheless, descriptions
of smokers by stages of change continue to be widely used in clinical
settings, because they are useful in directing the treatment, studying
different populations of smokers, analysing profiles of subjects by
stage over time (Connors et al., 2004), and assessing priorities for
individuals or groups within a population that are targets of different
health education strategies (Jhun and Seo, 2006;Wewers et al., 2003).

Some studies classifying smokers by the stages of change have also
used different biomarkers of tobacco consumption to validate self-
reported consumption (de Granda-Orive et al., 2004; Prochaska and
DiClemente, 1983), but few of them have related biomarkers to
different smoker characteristics (Ahijevych and Parsley, 1999; Etter
et al., 2000). Cotinine, the major metabolite of nicotine, can be related
to nicotine dependence; thus, baseline cotinine levels may be useful
for categorising smokers that enter smoking cessation programmes
(Hall et al., 1984; Paoletti et al., 1996; Tønnesen et al., 1993). Although
some studies have described cotinine concentrations in different
populations of smokers, none have taken into account the stage of
change of the smokers (Blackford et al., 2006; Fidler et al., 2008;
Muscat et al., 2009).

In order to explore priorities for smoking cessation, we aimed to
determine whether the salivary cotinine concentrations of daily
smokers varied with their readiness to quit and with their smoking
characteristics.

Methods

Study design

This cross-sectional study was conducted between April 2004 and
December 2005 in Barcelona, Spain. The details of our procedures were
described elsewhere (Fu et al., 2009; Martínez-Sánchez et al., 2009). In brief,
we obtained a representative random sample from the 2001 official census of
Barcelona. Trained interviewers contacted participants at home to administer
a face-to-face paper-based questionnaire and, immediately afterwards,
collected a saliva specimen for cotinine determination. At the end of the
collection period, 1245 people were interviewed, and 285 were adult
(age N16 years old) daily smokers (at least 1 cigarette per day [CPD]). The
research and ethics committee of the University Hospital of Bellvitge
approved the study, and all participants provided written informed consent.

Measures

Questionnaire
We gathered information on demographics, second-hand smoke expo-

sure in different settings, and detailed information from smokers: average
CPD, cigarette consumption during the last 24 and 48 h, brand of cigarettes
smoked, age when they started smoking, type of cigarettes smoked (regular
or non-regular: light, ultralight, …), type of tobacco smoked (blond, flue-
cured; or black, air-cured), use of filter tips, frequency and depth of
inhalation, and nicotine dependence based on the Fagerström Test for
Nicotine Dependence (FTND) (Heatherton et al., 1991). We collected
information on the number of attempts to quit smoking and the readiness
to quit according to the stages of change.

Body mass index (BMI)
BMImay affect cotinine absorption; therefore, wemeasured theweight and

height according to a standardised protocol and calculated the BMI (kg/m2). The
BMIs were stratified into standard categories (World Health Organization,
1995).

Salivary cotinine
Participants were asked to provide a saliva specimen, and were offered a

lemon-flavoured candy (Smint®) to stimulate salivation. The cotinine
concentration (ng/ml) was determined by gas chromatography with mass
spectrometric detection (GC/MS) (Pascual et al., 2003) in the Municipal
Institute for Medical Research (IMIM-Hospital del Mar) (quantification limit:
1 ng/ml; detection limit: 0.3 ng/ml; quantification error b15%).

Data analysis

Of 285 daily smokers, 278 subjects with complete information were
analysed. Most smoked manufactured cigarettes, but 21 subjects smoked
other tobacco products (pipes, cigars, or rolled tobacco).

Variables
We classified salivary cotinine concentration by the stage of change based

on the Prochaska and DiClemente algorithm. We considered three stages of
change: the precontemplators, smokers that were not seriously considering
quitting within the next 6 months; the contemplators, smokers that were
seriously considering quitting within the next 6 months, but not within the
next 30 days or smokers that had not attempted to quit for at least 24 hours in
the past year, or both; and the preparation stage, smokers that were planning
to quit within the next 30 days and had attempted to quit for at least 24 hours
in the past year (DiClemente et al., 1991). In this study, we focused on current
daily smokers; therefore, we did not consider the other two stages: action
(those who had quit during the past 6 months) and maintenance (those who
had quit for more than 6 months). Based on the FTND scores (range 0–10
points), we classified subjects according to their nicotine dependence
(low=0–4; medium=5; high=6–10) (Fagerström et al., 1990).

Statistical analysis
Individual and smoking characteristics were described in terms of

prevalence rates or means and standard deviations (SD). Due to the skewed
distribution of cotinine concentrations, we used medians and interquartile
ranges (IQR) to relate it to the stages of change and smoking characteristics.
The smoking characteristics included the age when smoking started, type of
cigarettes, type of tobacco, use of filter tips, frequency and depth of
inhalation, CPD, time to the first cigarette after waking up (TFC; item 1 from
the FTND), and nicotine dependence. We stratified the data by individual
and smoking characteristics. We used box-plots to represent the distribu-
tions of salivary cotinine concentrations across the stages of change,
nicotine dependence, and CPD, where the length of the box indicates the
IQR, the line included in the box represents the median, and whiskers
represent the minimum and maximum non-atipic values; circles represent

Table 1
Distribution of 278 adult daily smokers across the stages of change according to
individual characteristics. Barcelona (Spain), 2004–2005.

n⁎ Stages of change

Precontemplation,
n (%)

Contemplation,
n (%)

Preparation,
n (%)

Total 278 188 (67.6) 60 (21.6) 30 (10.8)
Sex

Men 152 105 (69.1) 32 (21.0) 15 (9.9)
Women 126 83 (65.9) 28 (22.2) 15 (11.9)

Age
17–24 years 24 18 (75.0) 5 (20.8) 1 (4.2)
25–44 years 128 77 (60.2) 30 (23.4) 21 (16.4)
45–64 years 101 71 (70.3) 23 (22.8) 7 (6.9)
≥65 years 25 22 (88.0) 2 (8.0) 1 (4.0)

Educational level
Less than primary and
primary

96 69 (71.9) 17 (17.7) 10 (10.4)

Secondary 95 65 (68.4) 19 (20.0) 11 (11.6)
University 86 53 (61.6) 24 (27.9) 9 (10.5)

Body mass index (kg/m2)†

Normal‡ 156 110 (70.5) 30 (19.2) 16 (10.3)
Overweight 93 59 (63.4) 25 (26.9) 9 (9.7)
Obese 25 17 (68.0) 3 (12.0) 5 (20.0)

⁎ The sum does not add up to the total in some cases, due to some missing values.
† Body mass index categories: normal: 18.50–24.99; overweight: 25.00–29.99;

obese: ≥30.00 kg/m2.
‡ This includes 5 cases that were underweight (body mass index b18.50 kg/m2).
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outliers (values between 1.5 IQRs and 3 IQRs from the end of the box) and
asterisks represent extreme values (values more than 3 IQRs from the end of
the box). We used the Pearson χ2 test to compare proportions and the
Kruskal–Wallis test to compare medians and means. The type I error was set
at 1% (pb0.01) to adjust for multiple comparisons.

Results

Among 278 daily smokers (152 men and 126 women), 67.6% were
in precontemplation, 21.6% in contemplation, and 10.8% in prepara-
tion, with no differences in sex; 65.3 had completed secondary or
university studies, and 56.1% had BMIs in the normal range. The
average agewas 43.5 years (46.0% aged 25–44 years). The distribution
of smokers was similar across the strata of age, but the precontempla-
tion stage had the highest proportion of older smokers (88.0%). The
proportion of precontemplators varied inversely with the level of
education, and the proportion of contemplators varied proportion-
ately with the level of education (Table 1).

The mean cigarette consumption was 17.0 CPD (SD=11.5), with
no differences among different stages of change (p=0.164; Table 2).
Most people smoked regular cigarettes, with a filter tip, and used

blond tobacco. We observed that the precontemplators were more
prone to smoking regular cigarettes, and the contemplators and those
in preparation tended to use non-regular cigarettes. Therewas a slight
positive trend in the proportion of precontemplators that inhaled all
the time; conversely, the largest proportions of contemplators and
those in preparation seldom inhaled. Heavy smokers (N20 CPD) were
more likely to be in the precontemplation stage (p=0.170; Table 2).
Concerning nicotine dependence, the overall mean FTND score was
3.2 (SD=2.4), with no meaningful differences among stages of
change. Most contemplators showed high nicotine dependence, and
most smokers in the preparation stage had low dependence. In the
preparation stage, half as many smokers showed high dependence
(5.1%) compared to the number with low (12.1%) or medium (9.1%)
dependence (p=0.402; Table 2).

The overall median cotinine concentration was 151.3 ng/ml (IQR:
83.2–227.8 ng/ml), with no statistical differences among stages of
change (Table 3). The highest cotinine concentrations were found in
precontemplators and contemplators aged 45–64 and in those in
preparation aged ≥65 (Table 3). We found no other differences
among groups in the other individual characteristics. Regarding
smoking characteristics (Table 4), we found that smokers of black

Table 2
Distribution of 278 adult daily smokers across stages of change, according to smoking characteristics. Barcelona (Spain), 2004–2005.

n⁎ Stages of change p-value

Precontemplation,
n (%)

Contemplation,
n (%)

Preparation,
n (%)

Total, n (%) 278 188 (67.6) 60 (21.6) 30 (10.8) –

Age that smoking started, n (%)
b15 years 38 30 (78.9) 5 (13.2) 3 (7.9) 0.459+

15–17 years 114 72 (63.2) 26 (22.8) 16 (14.0)
18–19 years 56 39 (69.6) 14 (25.0) 3 (5.4)
≥20 years 70 47 (67.2) 15 (21.4) 8 (11.4)

Type of cigarettes, n (%)
Regular 204 144 (70.6) 40 (19.6) 20 (9.8) 0.188+

Non-regular (light, ultralight, etc.) 73 43 (58.9) 20 (27.4) 10 (13.7)
Type of tobacco, n (%)

Blond 213 143 (67.2) 48 (22.5) 22 (10.3) 0.766+

Black 63 43 (68.3) 12 (19.0) 8 (12.7)
Use of filter tip, n (%)

With filter 260 173 (66.5) 59 (22.7) 28 (10.8) 0.261+

Without filter 17 14 (82.3) 1 (5.9) 2 (11.8)
Frequency of inhalation, n (%)

All the time 32 23 (71.9) 6 (18.7) 3 (9.4) 0.742+

Half the time 189 131 (69.3) 40 (21.2) 18 (9.5)
Seldom 56 34 (60.7) 14 (25.0) 8 (14.3)

Depth of inhalation, n (%)
Light 36 24 (66.7) 8 (22.2) 4 (11.1) 0.356+

Moderate 101 76 (75.3) 18 (17.8) 7 (6.9)
Deep 138 87 (63.0) 33 (23.9) 18 (13.1)

Cigarette consumption (CPD§)
Overall CPD, mean (SD) 257 16.3 (11.6) 19.4 (11.6) 16.0 (10.1) 0.164†

Levels of consumption, n (%)
1–10 CPD 90 64 (71.1) 16 (17.8) 10 (11.1) 0.170+

11–20 CPD 102 64 (62.8) 24 (23.5) 14 (13.7)
21–30 CPD 40 31 (77.5) 7 (17.5) 2 (5.0)
N30 CPD 25 13 (52.0) 10 (40.0) 2 (8.0)

Time to first cigarette, n (%)
N60 min 104 68 (65.4) 26 (25.0) 10 (9.6) 0.597+

31–60 min 41 29 (70.8) 6 (14.6) 6 (14.6)
6–30 min 95 69 (72.6) 18 (19.0) 8 (8.4)
≤5 min 37 22 (59.5) 10 (27.0) 5 (13.5)

Nicotine dependence‡

Overall FTND score, mean (SD) 237 3.11 (2.364) 3.48 (2.697) 3.16 (2.154) 0.748†

Levels of nicotine dependence, n (%)
Low 165 111 (67.3) 34 (20.6) 20 (12.1) 0.402+

Medium 33 23 (69.7) 7 (21.2) 3 (9.1)
High 39 24 (61.6) 13 (33.3) 2 (5.1)

⁎ The sum does not add up to the total in some cases, due to some missing values.
+ Pearson χ2 test.
† Kruskal–Wallis test.
§ CPD: cigarettes per day.
‡ As measured by the FTND: low: 0–4; medium: 5; high: 6–10.

141M. Fu et al. / Preventive Medicine 52 (2011) 139–145

:::::;::Yc::=



Table 3
Median and interquartile ranges of salivary cotinine concentrations (ng/ml) in 278 adult daily smokers across stages of change according to individual characteristics. Barcelona
(Spain), 2004–2005.

n⁎ Stages of change p-value+

Precontemplation, n=188 Contemplation, n=60 Preparation, n=30

Total 278 152.5 (83.3; 245.1) 145.8 (86.1; 223.1) 147.5 (55.1; 207.3) 0.746
Sex

Men 152 179.2 (106.5; 278.7) 149.4 (88.0; 234.9) 192.7 (97.2; 218.0) 0.475
Women 126 127.0 (60.6; 216.6) 135.6 (83.9; 223.1) 113.1 (44.6; 194.9) 0.487

Age (years)
17–24 24 151.5 (104.5; 184.3) 34.2 (6.8; 99.8) 50.5 (50.5; 50.5) 0.024
25–44 128 138.4 (77.9; 254.6) 155.6 (102.2; 215.6) 139.4 (45.9; 198.8) 0.628
45–64 101 177.9 (94.5; 248.8) 172.4 (96.6; 373.8) 171.1 (118.4; 239.3) 0.785
≥65 25 129.6 (34.9; 234.9) 35.2 (34.1; 36.3) 206.8 (206.8; 206.8) 0.363

Educational level
Less than primary and primary 96 179.2 (102.7; 289.8) 214.8 (91.2; 383.2) 200.2 (123.5; 272.8) 0.586
Secondary 95 137.1 (83.1; 223.5) 113.7 (94.5; 201.3) 118.4 (50.5; 202.7) 0.805
University 86 138.4 (64.7; 218.4) 136.3 (67.4; 208.8) 97.2 (34.9; 158.5) 0.415

Body mass index (kg/m2)†

Normal‡ 156 137.7 (84.1; 250.3) 118.8 (94.2; 196.8) 147.4 (48.0; 219.2) 0.763
Overweight 93 172.9 (77.2; 260.0) 152.2 (59.7; 236.1) 113.1 (50.6; 198.8) 0.409
Obese 25 166.6 (63.8; 218.8) 265.5 (154.4; 383.8) 161.6 (129.1; 234.2) 0.240

⁎ The sum does not add up to the total in some cases, due to some missing values.
+ Kruskal–Wallis test.
† Body mass index categories: normal: 18.50–24.99; overweight: 25.00–29.99; obese: ≥30.00 kg/m2.
‡ This includes 5 cases that were underweight (body mass index b18.50 kg/m2).

Table 4
Median and interquartile ranges of salivary cotinine concentrations (ng/ml) of 278 adult daily smokers across stages of change according to smoking characteristics. Barcelona
(Spain), 2004–2005.

n⁎ Stages of change p-value+

Precontemplation, n=188 Contemplation, n=60 Preparation, n=30

Total 278 152.5 (83.3; 245.1) 145.8 (86.1; 223.1) 147.5 (55.1; 207.3) 0.746
Age that smoking started
b15 years 38 192.5 (152.6; 287.3) 105.1 (53.7; 138.6) 139.7 (15.0; 275.6) 0.020
15–17 years 114 142.8 (82.7; 238;7) 174.3 (79.6; 219.3) 150.5 (56.6; 203.8) 0.829
18–19 years 56 148.8 (113.0; 227.8) 189.5 (105.3; 384.7) 202.7 (155.3; 594.6) 0.323
≥20 years 70 119.9 (45.2; 235.0) 107.0 (36.3; 167.0) 115.8 (47.6; 206.3) 0.918

Type of cigarettes
Regular 204 156.3 (83.6; 258.9) 135.1 (86.1; 244.8) 158.5 (66.8; 200.8) 0.785
Non-regular (light, ultralight, etc.) 73 130.1 (82.6; 199.0) 164.6 (76.8; 220.1) 99.4 (46.0; 216.4) 0.881

Type of tobacco
Blond 213 150.2 (89.6; 248.8) 124.2 (83.6; 217.1) 136.9 (49.0; 207.3) 0.392
Black 63 177.3 (64.8; 227.8) 153.3 (102.1; 272.2) 150.7 (77.3; 214.2) 0.789

Use of filter tip
With filter 260 152.6 (86.5; 243.2) 146.5 (86.8; 223.8) 158.5 (77.4; 208.3) 0.851
Without filter 17 119.0 (37.7; 356.3) 71.0 (71.0; 71.0) 51.9 (47.2; 56.6) 0.668

Frequency of inhalation
All the time 32 189.8 (87.5; 254.4) 153.4 (112.6; 198.3) 193.5 (171.1; 218.0) 0.781
Half the time 189 137.1 (76.5; 235.0) 153.3 (89.3; 244.8) 91.4 (44.0; 193.3) 0.175
Seldom 56 178.6 (117.2; 288.3) 96.2 (35.8; 221.5) 182.2 (139.5; 216.4) 0.155

Depth of inhalation
Light 36 95.7 (51.3; 290.7) 224.2 (89.9; 381.3) 96.6 (61.1; 475.6) 0.487
Moderate 101 153.6 (99.7; 242.2) 100.7 (44.9; 157.0) 85.6 (44.6; 206.8) 0.035
Deep 138 165.6 (84.5; 239.4) 146.5 (100.9; 231.3) 166.4 (84.7; 204.2) 0.986

Cigarette consumption (CPD§)
1–10 CPD 90 74.8 (30.8; 129.7) 57.5 (13.1; 207.2) 139.2 (41.5; 210.0) 0.505
11–20 CPD 102 168.4 (127.0; 250.2) 124.2 (99.3; 164.8) 158.5 (103.5; 225.5) 0.076
21–30 CPD 40 214.8 (172.9; 298.1) 223.8 (190.8; 426.9) 150.0 (97.2; 202.7) 0.415
N30 CPD 25 220.5 (150.1; 321.6) 245.6 (117.9; 376.0) 178.9 (139.7; 218.0) 0.782

Time to first cigarette
N60 min 104 79.9 (33.1; 144.8) 101.5 (34;2; 171.4) 48.9 (37.2; 133.6) 0.579
31–60 min 41 165.7 (126.5; 226.8) 105.7 (77.2; 133.7) 118.3 (78.4; 164.0) 0.037
6–30 min 95 187.1 (127.7; 290.0) 174.3 (118.7; 255.8) 198.1 (164.7; 216.9) 0.765
≤5 min 37 237.5 (180.4; 292.5) 319.7 (206.5; 414.5) 206.8 (75.4; 406.3) 0.196

Nicotine dependence†

Low 165 120.1 (56.4; 181.2) 111.5 (68.9; 178.3) 147.4 (46.1; 205.8) 0.872
Medium 33 172.9 (146.9; 281.2) 145.1 (86.8; 383.8) 118.4 (97.2; 161.6) 0.297
High 39 227.8 (178.7; 296.0) 249.6 (172.6; 392.8) 406.3 (218.0; 594.6) 0.529

⁎ The sum does not add up to the total in some cases, due to some missing values.
+ Kruskal–Wallis test.
§ CPD: cigarettes per day.
† As measured by the Fagerström Test for Nicotine Dependence: low: 0–4; medium: 5; high: 6–10.

142 M. Fu et al. / Preventive Medicine 52 (2011) 139–145

:::::;::Yd::=



tobacco had higher salivary cotinine concentrations than smokers of
blond tobacco; also, concentrations were higher in the precontempla-
tion than in the preparation stages. No clear trends emerged in the
dependence variables among different stages of change. Nevertheless,
we observed consistent trends in cotinine concentrations within
every stage (Table 4); cotinine levels rose with the number of
cigarettes smoked, with higher nicotine dependence, and with lower
TFC. The median salivary cotinine concentration differed according to
the stage of change and nicotine dependence. Cotinine concentrations
significantly increased with increasing nicotine dependence among
smokers in the precontemplation (pb0.001) and contemplation
(p=0.002) stages, but not for smokers in the preparation stage
(p=0.132; Fig. 1). Similarly, cotinine concentrations increased with
the number of CPD only in the precontemplation (pb0.001) and
contemplation (p=0.004) stages (Fig. 2).

Discussion

We found that the cotinine concentration was similar among the
three stages of change; in contrast, cotinine concentration was
directly related to CPD, nicotine dependence, and TFC within each
stage. Cotinine levels rose with higher CPD, higher nicotine depen-
dence, and lower TFC. These results indicate that the relationship
between cotinine concentration and the stages of change is not
simple; therefore, cotinine does not directly indicate progress through
the stages of change. Previous studies showed divergent results,
although they were based on selected samples of smokers (Ahijevych
and Parsley, 1999; Etter et al., 2000), thus partly explaining the lack of
effectiveness observed in the stage-based interventions for changing
smoking behaviour (Bridle et al., 2005; Riemsma et al., 2003).

We observed no differences in TFC, age when smoking started, or
CPD among different stages of change. This was consistent with
previous findings from one study (Ahijevych and Parsley, 1999), but
not from another (Fava et al., 1995). Our results showed that smokers
with the highest CPD tended to be in the precontemplation stage, and
smokers with lower CPD tended to be in preparation; this was similar

to other studies (DiClemente et al., 1991; Fava et al., 1995; John et al.,
2003; Pallonen et al., 1992). Although, in our sample, nicotine
dependence was similar among all stages, most smokers in the
preparation stage had low dependence. Furthermore, these smokers
tended to smoke non-regular cigarettes and seldom inhaled; this
probably reflected a greater concern about smoking. These results
appear to be consistent with the predictions of the transtheoretical
model (Velicer et al., 1999).

In our sample, the distribution of smokers in different stages was
very similar to those observed in some European studies (Becoña,
2000; Etter et al., 1997; Pallonen et al., 1992), but different from those
in some American studies (Fava et al., 1995; Velicer et al., 1995). This
may reflect differences in the progress of the tobacco epidemic in
different populations (Lopez et al., 1994). In our data, the sex
distribution of smokers was equivalent within each stage because
Spain is now at stage IV of the tobacco epidemic, and sex differences in
smoking have narrowed (Borràs et al., 2000; Fernández et al., 2003).
Accordingly, other studies that were conducted in populations in the
advanced stages of the tobacco epidemic found no differences in the
sex distributions of smokers by stages of change (DiClemente et al.,
1991; Velicer et al., 1995; Yang et al., 2001). Hence, different
distributions of smokers across the stages of change may reflect
differences in the progress of the tobacco epidemic.

In our study, 68% of smokers were precontemplators, or smokers
not willing to quit. Smoking-control programmes should orientate
interventions according to smoker characteristics; they should aim to
increase the awareness of the benefits of smoking cessation.
Interventions at the population level should take into account the
distribution of smokers among the stages of change, because smokers
in different stages require different approach strategies. Most smokers
started smoking before they were 17 years old; thus, there is a need to
prevent the initiation of tobacco consumption and nicotine addiction
in youths. Restrictions in advertising and tobacco sales to young
people (aged b18) that are promoted by the Spanish tobacco law
(Fernández, 2006) are important steps in preventing initiation;
however, there is a need for more comprehensive educational

Fig. 1. Salivary cotinine concentrations (ng/ml) in 278 daily smokers across stages of
change and nicotine dependence*. Barcelona (Spain), 2004–2005.

Fig. 2. Salivary cotinine concentrations (ng/ml) in 278 daily smokers across stages of
change and levels of cigarette consumption. Barcelona (Spain), 2004–2005.
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campaigns that address this specific group of potential smokers, as
recommended by the World Health Organization Framework Con-
vention in Tobacco Control (World Health Organization, 2003).

Study limitations and strengths

Our study included a wide range of smokers from the general
population; thus, our sample was less homogeneous than studies with
volunteers that are generally conducted in a clinical setting; the latter
samples usually biased to be in the in the preparation stage, women,
and highly educated (Bovet et al., 2002; Curry et al., 1990; Velicer
et al., 1995). Another strength of this studywas the use of cotinine as a
biomarker for tobacco consumption (Benowitz, 1996). To our
knowledge, few investigations have related cotinine concentration
to the stages of change (Ahijevych and Parsley, 1999; Etter et al.,
2000). However, some limitations cannot be disregarded. The use of
questionnaires could be a source of information bias, although self-
reported smoking has been considered accurate and sufficiently valid
(Gorber et al., 2009; Patrick et al., 1994). Also, we may have lost some
representativeness due to non-responders; nevertheless, our sample
did not differ from the entire Barcelona population in terms of sex,
age, residence, and smoking behaviour (Villalbí et al., 2009). The
participation rate was nearly complete, because the study design
allowed the replacement of non-responders according to the strata of
sex, age, and district of residence.

Conclusion

This study showed that salivary cotinine concentrations were
similar among smokers in different stages of change. However,
cotinine levels varied within the precontemplation and contempla-
tion stages according to the levels of tobacco consumption and
nicotine dependence. Population-based strategies of cessation should
consider interventions that address smokers in precontemplation,
because they had the largest proportion of smokers with moderate
cigarette consumption, low nicotine dependence, and low salivary
cotinine concentrations. Also, from a high-risk prevention perspective
(Chaiton et al., 2008; Rose, 2001), specific attention should be paid to
older smokers, with low education, and high nicotine dependence
within every stage; those groups had relatively high cotinine
concentrations. Measurement of baseline cotinine concentration
might facilitate the characterisation of smokers motivated to quit
and thus, might benefit from individually tailored nicotine replace-
ment therapy. Before introducing this approach into clinical practice,
we need further evidence from cessation trials that take into account
baseline cotinine concentrations. Finally, future studies should
consider the distribution of smokers in different stages of change in
the population in both cross-sectional and longitudinal studies. This
would facilitate assessments of smokers as they transition through the
stages of change and provide a measure of the impact of public health
interventions.
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Objective: To describe the nicotine dependence and readiness to quit 
smoking in the smoker population.
Methods: Cross-sectional study on a representative sample of the 
Spanish population of �18 years old. We gathered information by means 
of telephone interviews conducted between June and July of 2006. We 
studied the nicotine dependence with the Fagerström Test for Nicotine 
Dependence (FTND) and the readiness to quit according to the stages of 
change from the Transtheoretical Model in a sample of cigarette smokers. 
Results: 22.5% of participants (95% CI: 20.9-24.2%) smokers cigarettes. 
They smoked an average of 14.4 cigarettes per day (standard deviation 
9.15) and the mean FTND score was 2.8, with no differences by the 
stages of change. 64.3% (95% CI: 60.3-68.2%) of smokers were in the 
precontemplation stage, 25.4% (95% CI: 21.8-28.9%) in contemplation, 
and 10.4% (95% CI: 7.9-12.9%) in preparation, with no differences by 
sex. The most nicotine dependent smokers (FTND�6) had mainly primary 
studies, started to smoke at earlier ages, and smoked more cigarettes per 
day.
Conclusions: Most Spanish smokers have low nicotine dependence and 
are in precontemplation stage. Smoking cessation programmes should be 
addressed to reduce dependence, help smokers to progress through the 
stages of change, and, consequently, reduce the prevalence of smokers in 
the population.

Keywords: smoking, nicotine dependence, stages of change, 
transtheoretical model, prevalence, epidemiology 

RESUMEN ABSTRACT

Objetivo: Describir la dependencia a la nicotina y la preparación para 
dejar de fumar en la población fumadora.
Métodos: Estudio transversal de una muestra representativa de la pobla-
ción española �18 años. La información se obtuvo mediante entrevistas 
telefónicas realizadas en junio y julio de 2006. Se estudió la dependencia 
a la nicotina mediante el test de Fagerström (FTND) y la preparación para 
dejar de fumar de acuerdo a los estadios del cambio del modelo transteó-
rico en una muestra de fumadores de cigarrillos. 
Resultados: El 22,5% de los participantes (IC 95%: 20,9-24,2%) fumaba 
cigarrillos. Su consumo medio fue de 14,4 cigarrillos diarios (desviación 
estándar 9,15) y su puntuación media en el FTND fue de 2,8, sin diferen-
cias según los estadios del cambio. El 64,3% (IC 95%: 60,3-68,2%) de los 
fumadores estaba en el estadio de precontemplación, el 25,4% (IC 95%: 
21,8-28,9%) en el de contemplación y el 10,4% (IC 95%: 7,9-12,9%) en 
el estadio de preparación, sin diferencias por sexo. Los fumadores más 
dependientes a la nicotina (FTND�6) tenían mayoritariamente estudios 
primarios, comenzaron a fumar a edad más temprana y fumaban más 
cigarrillos al día.
Conclusiones: Los fumadores presentan mayoritariamente un bajo nivel 
de dependencia a la nicotina y se encuentran en fase de precontempla-
ción. Los programas de deshabituación deberían ir dirigidos a reducir el 
nivel de dependencia, ayudar a los fumadores a avanzar a través de los 
estadios del cambio y, consecuentemente, disminuir la prevalencia de 
fumadores en la población.

Palabras clave: tabaquismo, dependencia a la nicotina, estadios del cam-
bio, modelo transteórico, prevalencia, epidemiología 
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INTRODUCCIÓN

El consumo de tabaco aumenta el riesgo de padecer 
enfermedades respiratorias agudas y crónicas, así 
como enfermedades cardiovasculares, cáncer y alte-

raciones de la función reproductiva1. Informar a los fuma-
dores acerca de los efectos nocivos del tabaquismo para la 
salud y estimularlos a abandonar el consumo son objetivos 
fundamentales en la práctica clínica en particular y de la 
salud pública en general. Para poder desarrollar progra-
mas de prevención e intervención orientados a cumplir 
estos objetivos resulta de gran interés conocer el nivel de 
dependencia a la nicotina y la preparación de los fumado-
res para dejar de fumar.

Existe una serie de instrumentos para evaluar la 
dependencia a la nicotina. Uno de los más utilizados en 
el ámbito clínico es el test de Fagerström de dependencia 
a la nicotina2,3, debido a su brevedad y sencillez de 
aplicación. Por otra parte, para evaluar la preparación 
para dejar de fumar en el contexto de la deshabituación 
tabáquica se ha utilizado ampliamente el modelo 
transteórico de Prochaska y DiClemente4, que es un 
modelo integrado de cambio conductual basado en el 
proceso de toma de decisiones realizado por un individuo. 
Según este modelo, el proceso de cambio tiene lugar a 
través de 5 etapas o estadios, en cuyo camino el fumador 
avanza progresivamente hasta dejar el hábito de fumar.

En España existen algunos estudios que han descrito 
la dependencia a la nicotina o la preparación para 
dejar de fumar3,5-11. Sin embargo, la mayoría de ellos 
se han realizado en un contexto clínico o de cesación 
tabáquica7-9,11 y ninguno de los estudios realizados a 
nivel poblacional incluyó una muestra representativa 
de la población adulta española3,5,6,10. El estudio de la 
dependencia y la preparación para dejar de fumar a nivel 
poblacional puede ser útil para desarrollar y evaluar 
políticas públicas dirigidas a disminuir el consumo y 
fomentar la cesación tabáquica. El objetivo del presente 
trabajo es describir la dependencia a la nicotina y la 
preparación para dejar de fumar (estadios del cambio) en 
la población adulta española.

MÉTODOS

Los datos provienen de un estudio multicéntrico 
de diseño transversal con el objetivo de describir la 
prevalencia y algunas características del consumo de 
tabaco (como la dependencia a la nicotina y los estadios 
del cambio) y la exposición al humo ambiental del 
tabaco en la población general de 6 países europeos12. 
Este trabajo está centrado en los datos de España13, 
cuya muestra teórica de 2.500 personas se obtuvo de 
forma proporcional por comunidad autónoma, tamaño 
del municipio de residencia, sexo y grupos de edad. El 
muestreo contempló la sustitución de las no-respuestas 
a par tir de los mismos estratos . Los par ticipantes 
fueron seleccionados en dos fases: en la primera de 

ellas se escogieron hogares de manera aleatoria a 
partir de un directorio telefónico, y en la segunda fase 
se seleccionó a la persona del hogar que respondería a 
la encuesta, de acuerdo a los estratos establecidos en el 
muestreo. Después de otorgar el consentimiento oral, los 
participantes fueron encuestados telefónicamente por 
entrevistadores entrenados durante junio y julio de 2006. 
La muestra final, representativa de la población adulta 
española �18 años, estuvo conformada por 2.538 personas 
y se obtuvieron 2.522 encuestas válidas (1.221 hombres 
y 1.301 mujeres) . El 23,4% eran fumadores (22,0% 
fumadores diarios y 1,4% fumadores ocasionales) , el 
27,3% eran exfumadores y el 49,2% de los participantes 
no había fumado nunca.

Variables
Se definió como fumadores a aquellas personas que 

declararon fumar cigarrillos diaria u ocasionalmente 
en el momento de realizar la entrevista (n=568) . No 
fueron incluidas en el análisis aquellas personas que sólo 
fumaban puros o cigarros, puritos, pipas o tabaco de liar 
(n=23, que representaban menos del 1% de la prevalencia 
total de consumo de tabaco).

Dependencia a la nicotina. Para evaluar la dependencia 
a la nicotina se utilizó el test de Fagerström3. Las preguntas 
incluyen: tiempo transcurrido desde que el individuo se 
despierta hasta que fuma el primer cigarrillo del día (0-3 
puntos); dificultad para abstenerse de fumar en lugares 
donde está prohibido hacerlo (0-1 punto); cigarrillo del 
día al que le cuesta más renunciar (0-1 punto); número 
de cigarrillos fumados por día (0-3 puntos); momento del 
día en que fuma más frecuentemente (0-1 punto); y si 
fuma aun estando enfermo (0-1 punto). Se describieron 
los niveles de dependencia a la nicotina como baja (0-4 
puntos), media (5 puntos) y alta (6-10 puntos)2.

Estadios del cambio : Se consideraron los estadios 
del cambio del modelo transteórico de Prochaska y 
DiClemente4,14 correspondientes a la fase fumadora: 
precontemplación, en el que los fumadores no se plantean 
dejar de fumar en un futuro cercano; contemplación, 
en el que los fumadores consideran seriamente dejar de 
fumar durante los próximos 6 meses; y preparación, que 
describe a los fumadores que desean dejar de fumar en el 
transcurso del próximo mes y han realizado al menos un 
intento no exitoso de dejar de fumar en el último año.

Análisis estadístico
Se calculó la distribución de las variables estudiadas 

mediante proporciones y sus intervalos de confianza del 
95% (IC 95%) según sexo, grupos de edad (18-39, 40-59 
y �60 años) , nivel de estudios (primaria o menos que 
primaria, secundaria y universitaria), edad de inicio del 
consumo (<15, 15-18 y �19 años) y número de cigarrillos 
fumados diariamente (<10, 10-19 y �20 cigarrillos) .  Se 
describió gráficamente la distribución de los fumadores de 
acuerdo a sus puntuaciones en el test de Fagerström. Los 
análisis fueron realizados con los programas SPSS 15.0 y 
Excel.
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RESULTADOS

De los 568 participantes que declararon fumar cigarrillos 
en el momento de la entrevista (22,5% de la muestra), el 
54,4% eran hombres, el 57,0% tenía entre 18-39 años y 
el 44,5% tenía estudios secundarios. La mayoría de los 
fumadores (56,5%) comenzaron a fumar entre los 15 y 
18 años. El 36,1% fumaba entre 10 y 19 cigarrillos por día 
(media de 14,4 cigarrillos; desviación estándar de 9,2).

La mayoría de los fumadores tenía una baja dependencia 
a la nicotina (Figura 1): el 74,1% obtuvo puntuaciones en el 
test de Fagerström entre 0 y 4. La puntuación media en el 
test fue de 2,80 (2,97 los hombres y 2,58 las mujeres). En la 
Tabla 1 se presenta la distribución de los fumadores según su 
nivel de dependencia a la nicotina, de acuerdo a las variables 
sociodemográficas y algunas características del consumo. 
La distribución de los fumadores según sexo a través de los 
niveles de dependencia era homogénea. Se puede constatar 
un mayor porcentaje de fumadores con dependencia media 
y alta entre 40-59 años comparados con los otros grupos de 
edad. La mayor prevalencia de fumadores con dependencia 
alta a la nicotina se observó en el grupo con estudios 
primarios (22,6%) y en los que habían comenzado a fumar 
antes de los 15 años (35,6%). La mayoría de los fumadores 
de menos de 10 cigarrillos diarios tenía una baja dependencia 
a la nicotina, mientras que la proporción de fumadores con 
dependencia media y alta aumentaba con el consumo de 
cigarrillos (Tabla 1).

En cuanto a la distribución de los fumadores según los 
estadios del cambio, el 64,3% de los fumadores estaban 
en el estadio de precontemplación, el 25,4% en el de 
contemplación, y el 10,4% en el estadio de preparación, 
sin diferencias según sexo (Tabla 2). Los fumadores �60 
años estaban más preparados para dejar de fumar que los 
fumadores más jóvenes. Aquéllos que comenzaron a fumar 
antes de los 18 años se encontraban mayoritariamente en el 

�

Figura 1. Distribución de 568 fumadores españoles según 
sus puntuaciones en el test de Fagerström, 2006.

Tabla 1. Prevalencia (%) e intervalo de confianza del 95% (IC 95%) de los niveles de dependencia a la nicotina en 568 fumadores 
españoles según variables sociodemográficas y algunas características del consumo de tabaco, 2006.

Dependencia a la nicotina*

baja media alta

n % IC 95% % IC 95% % IC 95%

Total 568 74,1 70,5 - 77,7 10,4 7,9 - 12,9 15,5 12,5 - 18,5

Sexo

hombres 309 73,5 68,5 - 78,4 10,4 7,0 - 13,8 16,2 12,1 - 20,3

mujeres 259 74,9 69,6 - 80,2 10,4 6,7 - 14,1 14,7 10,4 - 19,0

Edad

18-39 años 324 79,6 75,2 - 84,0 8,3 5,3 - 11,3 12,0 8,5 - 15,6

40-59 años 207 65,7 59,2 - 72,2 13,5 8,9 - 18,2 20,8 15,2 - 26,3

�60 años 37 73,0 57,0 - 84,6 10,8 4,3 - 24,7 16,2 7,7 - 31,1

Estudios

primarios y menos 195 65,1 58,4 - 71,8 12,3 7,7 - 16,9 22,6 16,7 - 28,4

secundarios 253 79,4 74,5 - 84,4 9,9 6,2 - 13,6 10,7 6,9 - 14,5

universitarios 119 77,3 69,8 - 84,8 8,4 3,4 - 13,4 14,3 8,0 - 20,6

Edad de inicio del consumo

<15 años 87 52,9 42,4 - 63,4 11,5 4,8 - 18,2 35,6 25,6 - 45,7

15-18 años 321 77,9 73,3 - 82,4 10,3 7,0 - 13,6 11,8 8,3 - 15,4

�19 años 160 78,1 71,7 - 84,5 10,0 5,4 - 14,6 11,9 6,9 - 16,9

Número de cigarrillos

<10 cigarrillos/día 183 99,5 97,0 - 99,9 0,5 0,1 - 3,0 0,0 0,0 - 2,1

10-19 cigarrillos/día 205 82,9 77,8 - 88,1 10,7 6,5 - 15,0 6,3 3,0 - 9,7

�20 cigarrillos/día 180 38,3 31,2 - 45,4 20,0 14,2 - 25,8 41,7 34,5 - 48,9

*Según la puntuación en el test de Fagerström: baja: 0-4 puntos; media: 5 puntos; alta: 6-10 puntos.

:::::;::[\[::=



106 Dependencia a la nicotina y preparación para dejar de fumar en la población española

estadio de precontemplación, mientras que no se observó un 
patrón claro en los fumadores en fase de preparación.

En la Tabla 3 se muestra la distribución conjunta de 
la dependencia a la nicotina y los estadios de cambio de 
los fumadores. La proporción de fumadores que tenía 
una dependencia alta fue ligeramente superior en el 
estadio de preparación (22,0%) que en los estadios de 
precontemplación (14,5%) y contemplación (15,3%), si bien 
estas diferencias no fueron estadísticamente significativas.

DISCUSIÓN

Los resultados de este trabajo indican que la mayoría 
de los fumadores españoles se encuentran en el estadio 
de precontemplación y tienen una baja dependencia a la 
nicotina. Los fumadores más dependientes a la nicotina eran 

aquéllos con estudios primarios, los que iniciaron el consumo 
de tabaco a temprana edad, y quienes tenían un mayor 
consumo de cigarrillos. No se observaron diferencias en la 
distribución de los fumadores según los estadios del cambio 
y las variables sociodemográficas estudiadas, al igual que en 
otras poblaciones15-17.

Este estudio es el primero que dispone de datos de 
fumadores a nivel nacional que describen de manera 
conjunta su nivel de dependencia y su distribución según los 
estadios del cambio. El trabajo más amplio publicado hasta 
ahora era el derivado del estudio IBERPOC, llevado a cabo 
durante 1996-1997 en 7 poblaciones de España (Oviedo, 
Burgos, Cáceres, Madrid, Sevilla, Manlleu y Bilbao) en 
población adulta entre 40 y 69 años5. En dicho estudio, los 
1.059 fumadores entrevistados (26% de los participantes) 
tenían una puntuación media de 3,4 en el test de Fagerström 
(3,7 los hombres y 2,6 las mujeres) y aproximadamente el 

Tabla 2. Prevalencia (%) e intervalo de confianza del 95% (IC 95%) de los estadios del cambio en 568 fumadores españoles según 
variables sociodemográficas y algunas características del consumo de tabaco, 2006.

Estadios del cambio

precontemplación contemplación preparación

n % IC 95% % IC 95% % IC 95%

Total 568 64,3 60,3 - 68,2 25,4 21,8 - 28,9 10,4 7,9 - 12,9

Sexo

hombres 309 66,0 60,7 - 71,3 22,7 18,0 - 27,3 11,3 7,8 - 14,9

mujeres 259 62,2 56,3 - 68,1 28,6 23,1 - 34,1 9,3 5,7 - 12,8

Edad

18-39 años 324 65,1 59,9 - 70,3 24,4 19,7 - 29,1 10,5 7,2 - 13,8

40-59 años 207 63,3 56,7 - 69,9 28,0 21,9 - 34,1 8,7 4,9 - 12,5

�60 años 37 62,2 46,5 - 77,8 18,9 6,3 - 31,5 18,9 6,3 - 31,5

Estudios

primarios y menos 195 65,1 58,4 - 71,8 26,2 20,0 - 32,3 8,7 4,8 - 12,7

secundarios 253 63,6 57,7 - 69,6 24,9 19,6 - 30,2 11,5 7,5 - 15,4

universitarios 119 64,7 56,1 - 73,3 24,4 16,7 - 32,1 10,9 5,3 - 16,5

Edad de inicio del consumo

<15 años 87 67,8 58,0 - 77,6 17,2 9,3 - 25,2 14,9 7,5 - 22,4

15-18 años 321 67,6 62,5 - 72,7 23,4 18,7 - 28,0 9,0 5,9 - 12,2

�19 años 160 55,6 47,9 - 63,3 33,8 26,4 - 41,1 10,6 5,9 - 15,4

Número de cigarrillos

<10 cigarrillos/día 183 65,0 58,1 - 71,9 23,5 17,4 - 29,6 11,5 6,9 - 16,1

10-19 cigarrillos/día 205 61,5 54,8 - 68,1 29,3 23,0 - 35,5 9,3 5,3 - 13,2

�20 cigarrillos/día 180 66,7 59,8 - 73,6 22,8 16,7 - 28,9 10,6 6,1 - 15,0

*Según la puntuación en el test de Fagerström: baja: 0-4 puntos; media: 5 puntos; alta: 6-10 puntos.

Tabla 3. Prevalencia (%) e intervalo de confianza del 95% (IC 95%) de los estadios del cambio según los niveles de dependencia a 
la nicotina en 568 fumadores españoles, 2006.

Dependencia a la nicotina*

baja media alta

Estadios del cambio n % IC 95% % IC 95% % IC 95%

precontemplación 365 75,1 70,6 - 79,5 10,4 7,3 - 13,5 14,5 10,9 - 18,1

contemplación 144 74,3 67,2 - 81,4 10,4 5,4 - 15,4 15,3 9,4 - 21,2

preparación 59 67,8 55,9 - 79,7 10,2 2,5 - 17,9 22,0 11,5 - 32,6

*Según la puntuación en el test de Fagerström: baja: 0-4 puntos; media: 5 puntos; alta: 6-10 puntos.
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39% de ellos estaba en el estadio de precontemplación, el 
58% en contemplación y aproximadamente el 4% en fase 
de preparación para dejar de fumar5. Las diferencias que 
se observan entre estas cifras y las obtenidas en nuestro 
estudio podrían explicarse por el propio desarrollo de la 
epidemia del tabaquismo en el período transcurrido entre 
ambos estudios (10 años), que bien pudiera condicionar un 
cambio real de la distribución de los fumadores según los 
estadios del cambio. En estos 10 años, la prevalencia de 
exfumadores ha aumentado, seguramente a expensas de 
fumadores en fase contemplativa, por lo que la proporción 
de precontempladores puede haber aumentado, tal y como 
muestran los resultados de nuestro estudio.  No podemos 
excluir que parte de las diferencias observadas tengan su 
origen en diferencias metodológicas entre nuestro estudio 
y el estudio IBERPOC18, tales como la procedencia de la 
muestra (obtenida de 7 poblaciones españolas), la forma de 
contacto con los participantes (por correo o por teléfono), 
la inclusión de pruebas funcionales respiratorias que podría 
condicionar la participación, y el acotado grupo de edad 
estudiado. Al restringir los datos de nuestro estudio a los 
fumadores entre 40 y 69 años, se observa el mismo valor 
medio en el test de Fagerström que en el estudio IBERPOC, 
pero no se observan cambios sustanciales en la distribución 
de los fumadores según los estadios del cambio respecto a 
toda la muestra �18 años (63,4%, 27,2% y 9,5% para las 
fases de precontemplación, contemplación y preparación, 
respectivamente). 

Otros estudios españoles realizados en los últimos 15 
años en diferentes poblaciones describen puntuaciones entre 
2,3 y 3,8 en el test de Fagerström6,10,19,20 y una distribución 
de fumadores de acuerdo a los estadios del cambio de 
aproximadamente entre 40 y 69% en precontemplación, 25 
y 46% en contemplación y 6 y 14% en preparación6,19,21,22. A 
pesar de existir cierta variabilidad, se puede constatar que la 
preparación para dejar de fumar en la población es distinta 
a la que se observa en el contexto clínico de deshabituación 
tabáquica, que oscila entre 32 y 66%, 5 y 26% y 7,6 y 
20% para las fases de precontemplación, contemplación 
y preparación, respectivamente8,9,11. Además, se observan 
mayores puntuaciones en el test de Fagerström en los 
fumadores en deshabituación tabáquica, con independencia 
de que presenten o no alguna patología7,8. Esto podría 
explicarse porque aquéllos que son más dependientes a la 
nicotina pueden tener la percepción de menor autocontrol 
frente al consumo de tabaco y por ello buscan activamente 
la ayuda para dejar de fumar.

Debido a que gran parte de los estudios realizados a 
nivel poblacional indican que la mayoría de los fumadores 
se encuentran en fase de precontemplación6,21,23 y tienen 
una baja dependencia a la nicotina5,6,10, las intervenciones 
a este nivel deberían orientar sus esfuerzos a intentar que 
los fumadores se muevan hacia fases más avanzadas de 
los estadios del cambio. Así, se debería intentar motivar a 
aquellos fumadores que no desean dejar de fumar, y propiciar 
que los fumadores con una dependencia baja a la nicotina 
sean capaces de dejar el consumo. Los factores que han sido 
descritos como los más influyentes en la intención futura 

de dejar el consumo son: la preocupación por los efectos 
de la exposición pasiva en los niños, familiares y amigos de 
los fumadores; la preocupación por el papel modélico de los 
fumadores entre los niños y jóvenes; y el consejo médico24. 
De esta forma, las actividades de control del tabaquismo 
a nivel poblacional deberían incluir como mínimo estos 
aspectos25,26.

La descripción de los fumadores de acuerdo al modelo 
transteórico y al grado de dependencia a la nicotina es útil en 
la planificación y evaluación de intervenciones poblacionales, 
así como en el tratamiento individualizado del tabaquismo, 
pues ayuda a comprender el grado y la naturaleza de la 
adicción. Estudios derivados de intervenciones clínicas en 
deshabituación tabáquica han identificado entre los factores 
que se asocian a la abstinencia el tener bajos niveles de 
dependencia a la nicotina27-30 y encontrarse en estadios del 
cambio avanzados28-31, si bien otros estudios señalan que el 
test de Fagerström32 o los estadios del cambio33 no predicen 
tan claramente la conducta tabáquica. A pesar de ello, se 
debe tener en cuenta que estos trabajos están realizados en 
un contexto clínico especializado, en el que es más frecuente 
que los sujetos estén motivados para dejar de fumar.

Una de las limitaciones de este estudio deriva del uso 
de un cuestionario, que recoge información autodeclarada 
del consumo sin un marcador objetivo del mismo, y por 
tanto está sujeta a un posible sesgo de información que 
puede afectar a la validez interna del estudio. Sin embargo, 
la validez de la autodeclaración del consumo de tabaco es 
muy elevada34,35. Otro posible sesgo de información puede 
generarse debido a la tendencia de los participantes a 
redondear al alza el consumo de cigarrillos, especialmente 
entre los grandes fumadores36. Otra limitación se deriva 
del hecho de haber utilizado un directorio de teléfonos fijos 
para la obtención de la muestra de estudio, considerando 
que en los últimos años el uso del teléfono móvil se ha ido 
extendiendo en la población, pudiendo incluso en algunos 
casos llegar a sustituir el uso del teléfono fijo, lo cual podría 
afectar a la representatividad geográfica de la muestra. 
Además, por tratarse de una encuesta telefónica, puede 
existir un sesgo de información debido a la deseabilidad 
social, reforzada por la reciente implantación de la Ley 
28/2005 en el momento del trabajo de campo. Todo lo 
anterior podría explicar el hecho que la prevalencia de 
consumo en nuestro estudio sea ligeramente menor 
comparada con la obtenida en la Encuesta Nacional de Salud 
de España del año 200637, aunque similar a la de la encuesta 
del Centro de Investigaciones Sociológicas del año 200638. 

Por otra parte, la principal fortaleza de este estudio 
reside en el hecho de disponer de datos provenientes de una 
muestra representativa de la población general española. 
Asimismo, los cuestionarios utilizados en este estudio para 
caracterizar la dependencia y la preparación para dejar de 
fumar han sido validados y ampliamente utilizados en la 
literatura internacional39. Obtener esta información a nivel 
poblacional es sencillo y factible, y disponer de ella de 
manera periódica ayudaría a planificar programas de salud 
pública orientados a disminuir la prevalencia de fumadores 
en el estadio de precontemplación y aumentar la de estadios 
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más avanzados. Se ha demostrado que la intención de 
dejar de fumar puede cambiar a través del tiempo, a veces 
espontáneamente e incluso en cortos períodos de tiempo40, 
con lo cual intervenciones eficaces podrían acelerar este 
movimiento deseado.

En conclusión, este trabajo indica que la mayoría 
de los fumadores españoles se encuentra en fase de 
precontemplación y tiene una baja dependencia a la 
nicotina. Existe cierta relación entre la preparación para 
dejar de fumar y la dependencia a la nicotina, dado que los 
fumadores menos dependientes se concentran en la fase 
de precontemplación y los más dependientes en la fase de 
preparación. Los programas de deshabituación deberían 
ir dirigidos a reducir el nivel de dependencia, ayudar a los 
fumadores a avanzar a través de los estadios del cambio, y, 
consecuentemente, disminuir la prevalencia de fumadores en 
la población.
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A COMPARISON OF THE FAGERSTRÖM
TEST FOR NICOTINE DEPENDENCE AND
SMOKING PREVALENCE ACROSS
COUNTRIES: UPDATED DATA
FROM SPAIN

We read with interest the paper by Fagerström & Furberg
published recently in Addiction [1]. The authors’ hypo-
thesis is appealing: smokers remaining in populations
where the prevalence of smoking has decreased are hard-
ening. The data indicate an inverse relationship between
smoking prevalence andnicotine dependence, assessed by
the FagerströmTest for Nicotine Dependence (FTND) [2].
The data presented by Fagerström & Furberg derive

from population-based cross-sectional studies conducted
in different European countries and the United States
during the last two decades. With regard to the Spanish
data, the study used by Fagerström & Furberg was from a
cross-sectional survey conducted in 1997 in Galicia
[3,4], a region in the North West of Spain with approxi-
mately 7.5% of the Spanish population.
Since 1997, however, the prevalence of smoking has

decreased in Spain [5,6]. We present recent prevalence
rates and nicotine dependence levels in the whole
Spanish population to address further the ‘hardening
hypothesis’. These data were not available to Fagerström
& Furberg at the time they conducted their study.
We conducted a cross-sectional survey of a represen-

tative sample of the Spanish population aged � 18 years
to assess active and passive smoking at the population
level. The sample was representative in terms of sex, age,
municipality and region, and substitution by people of
the same strata was allowed. Hence, we obtained valid
responses from 2522 participants (1221 men and 1301
women). Data were collected in June and July 2006 by
trained interviewers with a structured questionnaire
using a computer-assisted telephone interview. As well as
basic socio-demographic data, the questionnaire gath-
ered information on smoking habits, including the FTND
for current smokers, on perceived exposure to second-
hand smoke for non-smokers, and about knowledge and
attitudes of both active and passive smoking. Details of
the methods and results on exposure to second-hand
smoke are available elsewhere [7].
Results indicate that 23.4% of Spanish adults were

daily cigarette smokers (27.0% of men, 20.1% of women,
P < 0.05).Themean FTND scorewas 2.8 (3.0 inmen and
2.5 in women, P < 0.05). This different level of depen-
dence according to sex is due mainly to the difference in

the mean number of cigarettes smoked per day by men
(15.7) and women (12.8, P < 0.05). Overall, smokers
reported smoking 14.4 cigarettes daily. The data indicate
a decrease in smoking prevalence but not an increase in
nicotine dependence, as also observed in Italy [8]. Appar-
ently, the reduction of the prevalence without a substan-
tial change in dependence would go against the
generalization of the hardening hypothesis.
In addition to ecological studies including different

countries as the unit of analysis [1], trends of smoking
prevalence and FTND scores across time within countries
should be analysed in repeated and comparable cross-
sectional surveys to understand further the dynamics
and determinants of nicotine dependence at the popula-
tion level.
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Reviewer's report  

Title: Salivary cotinine concentrations in daily smokers in Barcelona, Spain: a cross-sectional 
study  

Version: 1 Date: 19 June 2009  

Reviewer: Zubair Kabir  

Reviewer's report:  

The article by Flu and colleagues is indeed an interesting piece of tobacco and nicotine 
research. The findings are unique in some sense but not truly generalizable to a wider 
population. Statistical analyses were appropriate but could have been improved further through 
more robust modelling. The final model (as judged by R square value) explains only 39% of the 
variance and therefore a lot still remains unexplained!  

Major Compulsory Revisions:  

• The methods section needs further clarification, especially in terms of study subjects’ 
recruitment, the number of eligible population estimated, the number of non-responses, and 
finally the method of randomization.  
• The aim of this particular study (especially when the main study findings are considered post-
hoc) apparently does not identify the ‘determinants’ of salivary cotinine concentrations-rather 
the relationship of number of cigarettes smoked and the cotinine concentrations was examined 
in this study.  
• Not all the co-variates available to this study were factored into the final adjusted linear model, 
especially the type of tobacco and the type of cigarettes although the authors did mention that 
such a relation (with the type of tobacco use) was not a potential confounder and such data 
were not shown.  
• Blond tobacco use is particularly common among the Spanish smokers and a potential overlap 
between the type of tobacco use and the type of cigarettes smoked might have failed to 
compute the exact number of cigarettes consumed per person in this study. In other words, the 
‘beta’ estimates are to be interpreted with caution.  
• Also, I notice an apparent confusion between potential effect modifiers and potential 
confounders for the association examined.  
• Finally, it is not clear why the investigators set out to collect detailed information on all the 
1,245 subjects when they were going to analyse only the current daily smokers (n=285) in this 
particular study-may be to compute overall smoking prevalence by gender in this study 
population (which was indeed quoted in the discussion section of the manuscript). 

Minor Essential Revisions:  

• A representative sample from 2001 Census was collected and the reason for such an 
approach was not explicit in the methods section. 
• It is not clear how the investigators arrived at an expected sample size of 1,560 (1,245+315) 
between March 2004 and December 2005  
• When almost half of the subjects interviewed were ‘self-respondents’, how were the salivary 
cotinine samples collected for those who were proxy-respondents  
• When smoking history (that includes number of cigarettes smoked) was collected for both 24 
and 48 hours prior to the interview then why 24 hrs findings alone were presented  
• Information on the duration of smoking was also collected but I failed to notice any outputs 
related to this specific co-variate in the tables presented. Similar concern also applies to 
second-hand smoke exposure at home and at other workplaces, etc  
• R square has to be specified (adjusted/unadjusted)  
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• Figures 1,2 and 3 have used only one independent variable (number of cigarettes smoked) for 
the quadratic model and therefore ,this particular variable is not the ‘predictor’ of cotinine 
concentrations, as stated in the results section 

Discretionary Revisions:  

• There is limited but controversial information on the validation of self-reported smoking history 
among adolescents and young adults (18-25 years of age). This study has the potential to 
examine such a research question among the young adults.  
• The two non-filter cigarette smokers could have been excluded from the final 211 subjects  
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Reviewer's report  

Title: Salivary cotinine concentrations in daily smokers in Barcelona, Spain: a cross-sectional 
study  

Version: 1 Date: 23 June 2009  

Reviewer: Joaquin Barnoya  

Reviewer's report:  

Major compulsory revisions  

In general, the paper is written in poor English and needs to be edited accordingly. Terms as 
"short" or "mid" (used in the first paragraph of the introduction) are ambigous and should be 
avoided. Authors refer to "different stages of the tobacco epidemic" yet the stages are not 
outlined. In the Introduction, rather than focusing on smoking prevalence, authors should focus 
on the determinants of cotinine concentration (e.g. depth of inhalation, cigarettes per day, 
genetics).  

Authors emphasize the value of their data as coming from the "general population". However, it 
is not clear how their sample was selected. In the last paragraph of the introduction, they write 
"potentially useful to design suitable strategies for cessation.", please explain how this would be 
helpful for a cessation campaign?  

The Methods section is hard to follow. It is still not clear how were subjects recruited. Were 
these home interviews? In addition, they write about the Spanish law banning smoking indoors, 
how might this affect their results? It would have been good to measures nonsmokers cotinine 
concentrations before and after the law. Furthermore, they note that "some changes in smoking 
behavior were to be expected after" the law was implemented. They need to be specific, what 
changes? They they happened? More detail on the law needs to be written, specially that 
secondhand smoke is a confounder in cotinine concentrations in smokers. If only daily smokers 
were included, why is the number of cigarettes smoked per day not normally distributed? How 
was depth and frequency of inhalation assessed other than the questionnaire? This might be a 
major source of bias.  

The correlation, 0.33 and 0.38, are still low correlations. Authors need to explain whey they 
observed such low fits. The inclusion of a "quadratic component" needs to be justified and 
adequately described in the methods section. Specially given that their main results are based 
on the "quadratic component".  

A GLM model would have been useful. In addition, it might be worth exploring the possibility 
that the relationship is not linear, as suggested in the Discussion.  

In the Results section, cotinine levels were not significantly different by frequency and depth of 
inhalation, this is somewhat surprising. Is this biased? Table 2 needs to be controlled by 
number of cigarettes smoked per day.  

P valued for the R square should also be presented.  
What percentage of their sample smoked more than 20 cigarettes per day?  

An analyisis using cut-off point of number of cigarettes per day would be useful, as opposed to 
using number of cigarretes per day as an continuos variable.  

Minor Essential Revisions:  
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The BMI equation needs to be edited.  

The citation of the technique to measure cotinine should be changed to the study where the 
technique is described as opposed to the studies where it has been used.  

The word "nicotine" needs to be inserted before "gum" in the data analysis section. The 
excluded subjects section is hard to follow.  

The variables described in the Methods section should be potential confounders. Is BMI a 
confounder?  

The results section could be shorted by just referring to the Tables.  

The first line of the Discussion refers to "smoking behavior", however, their results are mostly 
based on the cotinine analysis.  

Last sentence of Discussion, right before Conclusion, needs to be edited.  

Table 4 needs the sample size for male and female.  

Discretionary Revisions  

Reference 41 could be updated.  
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�
Dependencia a la nicotina* 

 baja Media alta 

Estadios del cambio n % IC 95% % IC 95% % IC 95% 

precontemplación 343 73,5 68,8 - 78,1 11,1 7,8 - 14,4 15,5 11,6 - 19,3
contemplación 139 73,4 66,0 - 80,7 10,8 5,6 - 15,9 15,8 9,8 - 21,9 
preparación 55 67,3 54,9 - 79,7 10,9 2,7 - 19,1 21,8 10,9 - 32,7
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