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Factors associated with smoking 
susceptibility among high school 
students in western Spain
E. Santano‑Mogena1,2*, C. Franco‑Antonio1,2, S. Chimento‑Díaz2,3, S. Rico‑Martín1,2 & 
S. Cordovilla‑Guardia1,2

The Expanded Susceptibility to Smoking Index (ESSI) is based on the combination of susceptibility to 
smoking and curiosity about smoking. The ESSI can identify young people who are at risk of starting 
to smoke cigarettes and related products. The objective of this study was to analyse the ESSI results 
and to examine factors associated with ESSI scores in students between 12 and 16 years of age. 
Sociodemographic, social/environmental and personal variables were analysed, and the ESSI value 
was determined for non‑smoking students recruited from three schools in western Spain. Regression 
models were used to examine the factors associated with smoking for the entire sample and the 
factors associated with ESSI scores in the non‑smoking population. Of the 377 participants who were 
analysed, 20.4% were smokers. Among the non‑smokers, 53.5% and 55.3% presented medium–high 
ESSI scores for cigarettes and e‑cigarettes, respectively, and 39.8% presented medium–high ESSI 
scores for hookah use. A higher ESSI score was associated with greater exposure to people smoking in 
the home, having more friends who smoke, alcohol consumption, and a higher impulsivity scale score. 
These findings reinforce the importance of reducing peer pressure and suggest the important role of 
resolve under conditions of positive affect on reducing impulsivity. Approaches based on self‑efficacy 
could be addressed in preventive programmes developed in educational settings.

The prevalence of cigarette smoking among adolescents and young people continues to be high. According to 
a study conducted in 35 European countries in  20151, 21% of adolescents used tobacco regularly (in the previ-
ous 30 days). However, the estimates show important variations among countries. Recently, Spain has seen a 
reduction in the prevalence of regular cigarette use among young people aged 11 to 18 years, from 8.9% in 2010 
to 4.5% in  20182. When the youngest smokers are excluded and the age range is narrowed to 14–18 years, we 
see that the rate of cigarette smoking increased to 9.8% in 2018, although this value was 2.5% less than in  20103. 
Despite this reduction in cigarette smoking among adolescents, smoking remains a major health  problem4 due 
to the emergence of other related products, such as electronic cigarettes (e-cigarettes) and hookahs, whose use 
has increased in recent  years5,6.

Electronic cigarettes, or electronic nicotine delivery systems (ENDS), provide nicotine in the form of an aero-
sol or  vapor5. ENDS seem to have a special appeal among adolescents and young  people7, especially those who 
have not started  smoking8. Since these products were first commercialized in  20069, their use has been increas-
ing, and they are currently the most used smoking product by young people in the United States, ranking above 
tobacco  cigarettes10. By 2017, one in four young people (aged 15–24 years) in Europe had tried  ENDS11. In our 
country (Spain), 14.9% of adolescents had smoked e-cigarettes in the previous  month3. In comparison, hookahs 
(water pipes) vaporize tobacco and other products by combustion; the smoke generated travels through the water 
before it is  inhaled6. Although this is not a new system for smoking, it has become trendy, and its popularity has 
continued to increase in recent years, especially among adolescents and young  people12. According to the 2017 
Eurobarometer, 28% of young people between 15 and 24 years had tried a hookah, and 2% used one  monthly11. 
In Spain, the data on hookah use are limited; according to one study conducted among high school students, 
13% used a hookah on a weekly  basis13.

Adolescence is a crucial developmental  period14,15 characterized by engagement in risky  behaviours16, includ-
ing tobacco consumption. In fact, 90% of smokers start smoking before the age of 18  years17. Prior to the first 
smoking attempt, some areas of cognition, such as curiosity and susceptibility to smoking (SS), are developed 
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that increase the probability of initiating tobacco  use18,19. SS is defined as the lack of a specific and firm com-
mitment to not  smoke20,21. It reflects an individual’s decision regarding smoking and influences the transition 
from non-smoker to smoker status. It is assessed through intention, self-efficacy and the influence of the social 
 environment21. SS, which begins to develop in  childhood22, has proven to be a good predictor of whether an 
individual will start to  smoke18,23. In the adolescent population, several longitudinal studies have concluded that 
susceptibility predicts subsequent  initiation22–24 and therefore can be used to identify adolescents who are at risk 
of starting to smoke  cigarettes18,23 and related products, such as e-cigarettes and  hookahs22,24.

Along with SS,  curiosity25 has been shown to have a high value for predicting the initiation of  smoking18,21. 
Based on the combination of these two predictors, a new measure has been developed, the Expanded Suscepti-
bility to Smoking Index (ESSI)18,19,23. This measure improves the prediction of smoking initiation and allows for 
more precise identification of adolescents who are at risk of starting to  smoke19.

Certain sociodemographic, social and personal factors can influence SS, including age, gender, parental edu-
cational level and the socioeconomic level of the family  unit26. The behaviour of different models in the social 
 environment27, the social pressures exerted by the peer group and the number of offers to  smoke28, the search 
for rewarding  stimuli29, poor impulse  control30, states of negative  affect31, and low risk perception and beliefs 
about the harms produced by  smoking32–34 have been associated with changes in intention and self-efficacy, 
which could modify the SS.

E-cigarettes and hookahs are especially appealing to adolescents and young people, particularly those 
who have not started to  smoke8. These products are perceived as safer, less harmful and less addictive than 
 cigarettes32,33,35 and are more socially  acceptable9,33. This lower perception of risk, the pressure of the social con-
text in which this consumption occurs, and the greater possibility of offers of tobacco consumption can increase 
individuals’ susceptibility to smoking nicotine products that generate  dependence36–38. Several studies have 
indicated that e-cigarettes may be a gateway to cigarette  smoking8,39,40. Furthermore, the portability problems of 
the hookah can also lead users to begin smoking  cigarettes33.

Some authors suggest that the increasing appeal of hookahs and e-cigarettes could slow or reverse the progress 
achieved in the fight against  smoking32,41. Since some young people have not yet started smoking but are exposed 
to smoking devices that are attractive and are perceived as less risky than tobacco, it is important to know the 
ESSI scores associated with the different devices and to analyse the factors that are associated with a higher ESSI 
to develop and adapt educational prevention programmes for this new reality.

Methodology
Population and sample. Inclusion and exclusion criteria. The reference population for this study was 
students in grades 2 to 4 of compulsory secondary education (aged 12 to 16 years) in the city of Cáceres, Spain. 
Students who did not obtain parental consent and those who declined to participate in the study even with pa-
rental consent were excluded.

Sample size calculation. The number of students enrolled in educational centres of Cáceres in the academic 
year 2017/2018 was n = 11,06342. Considering this population size and taking into account that the prevalence 
of susceptibility to tobacco products in non-smokers found in previous studies was approximately 25%22,26,28, we 
estimated that a random sample of a minimum of 296 students would be sufficient, with a 95% confidence level, 
5% margin of error and 5% replacement rate. The formula to calculate the sample size “n” was n = N*X/(X + N – 
1), where X = Zα/22 − *p*(1 − p)/MOE2. “Zα/2” is the critical value of the normal distribution at α/2 (e.g., for a 
confidence level of 95%, α is 0.05 and the critical value is 1.96), “MOE” is the margin of error, “p” is the sample 
proportion, and “N” is the population size. Finite population correction was applied to the sample size formula, 
and a replacement rate of 5% was  anticipated43.

Procedure. The student sample was collected from November 2019 to March 2020 from three schools 
selected randomly from all public schools in the city. The city of Cáceres has a public network of 19 schools 
that cover 100% of school-aged children (compulsory schooling is up to the age of 16 in Spain). Once authori-
zation was obtained from the selected educational centre, all students enrolled in the grades specified above 
were invited to participate. Parental written informed consent was requested from the parents or legal guard-
ians of the students by sending letters. Students for whom consent was obtained were given a computer-aided 
self-administered questionnaire. The students completed the questionnaire voluntarily, and a project researcher 
was present at all times to provide assistance and resolve concerns. This study was approved by the Institutional 
Review Board of the University of Extremadura (Cod. 187/2019) and adhered to the tenets of the Declaration 
of Helsinki.

Data collection instrument. Data collection was conducted using a computer-aided self-administered 
questionnaire. This anonymized questionnaire collected data on socioeconomic variables and a battery of vali-
dated scales. The scales and the references for validation in the population are presented in the following sec-
tions. Before the study began, a pilot test was conducted with 25 volunteer students to detect difficulties in the 
execution of the study. In all cases, the students were provided with detailed information in the questionnaire, 
and a researcher was present in the classroom to answer questions. No incidents were reported during the pilot 
test or the data collection period of the study.

Measurements. Main study variable. The ESSI values for three products—cigarettes, e-cigarettes and 
hookahs—were evaluated by measuring SS and curiosity. SS was measured using three questions developed by 
Pierce et al.21 and adapted to each of the products: (i) “Do you think that you will try a (cigarette/e-cigarette/
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hookah) soon?”, (ii) “Do you think you will smoke a (cigarette/e-cigarette/hookah) in the next year?” and (iii) 
“If one of your best friends were to offer you a (cigarette/e-cigarette/hookah), would you smoke it?” The four 
response options were “Definitely not”, “Probably not”, “Probably yes” and “Definitely yes”. The participants who 
answered “Definitely not” to the three questions were classified as not susceptible to smoking. Those who an-
swered “Probably yes” or “Definitely yes” to any question were classified as highly susceptible. Those who did not 
meet these descriptions were classified as  susceptible23,36,44,45. This score had an internal reliability (Cronbach’s α) 
of 0.7218. This scale has proven to be a valid predictor of future smoking  initiation21.

Curiosity was assessed for each product using a validated  question18: “Have you ever been curious about 
smoking a (cigarette/e-cigarette/hookah)?” The possible responses were “Definitely not”, “Probably not”, “Prob-
ably yes” and “Definitely yes”. Participants who answered “Definitely not” were classified as not curious, those 
who answered “Probably not” and “Probably yes” were classified as curious, and those who answered “Definitely 
yes” were classified as highly curious. This variable has been shown to be a predictor of  initiation18,23.

The expanded susceptibility index was obtained by adding the SS and curiosity indices, which yielded groups 
with scores from 0 to 4. The original index assigned a value of 0 to those classified as not susceptible, 1 to those 
classified as susceptible and 2 to those classified as highly susceptible; similar values were assigned for curios-
ity. All scores for SS and curiosity were summed to yield an individual’s susceptibility index. This index has an 
internal reliability of 0.74 (Cronbach’s α)18 and has been shown to be a good predictor of the initiation of smok-
ing among  adolescents19.

Independent variables. The following variables were included: age (years), gender (male/female/prefer not to 
say), household composition, family members with whom the student lives all or most of the time, and school 
year. Students who lived with their parents were asked about the level of education of their mother and father 
using a graduated scale with four levels: "Never studied”, “Primary studies", “Secondary studies” and "University 
studies"46. Socioeconomic status was assessed using the Family Affluence Scale (FASII), which assesses family 
 wealth47 and has been used in other studies in our  context46. The FASII scale consists of 4 items with several 
response options. Each response is assigned a value. The scores are added, and the value obtained is used to clas-
sify family affluence as low (0–2 points), average (3–5 points) or high (6–9 points).

The use of the different products was evaluated using two questions that assessed different degrees of use: 
“Have you ever tried or experimented with (cigarette/e-cigarette/hookah) smoking, even a few puffs?”48 If the 
response was “yes”, a second question was asked: “Have you ever smoked a (cigarette/e-cigarette/hookah)? Do 
not answer ‘yes’ if you only took a few puffs of someone else’s (cigarette/e-cigarette/hookah)”49. Among smokers, 
the age at initiation/first experimentation with each product and the frequency of use in the previous 30 days 
were  determined46. Risk perceptions related to the likelihood of developing health issues as a result of using each 
product were also determined, with possible responses of “It will not happen”, “Not likely”, “Likely”, “Very likely”, 
“It will definitely happen” and “I do not know”9.

The use of these products in the adolescents’ social and family environment was evaluated with questions 
about the use habits of each member of the family unit as well as peers (classmates), friends and the respondent’s 
5 best friends. We asked about the use of cigarettes/e-cigarettes/hookahs among each group, and the responses 
were classified into five grades (from 1 = “Almost everyone” to 5 = “Almost no one”)32. The frequency of expo-
sure to use was assessed by asking the student about exposure during the last 7 days. Offers to smoke in the last 
30 days were also  assessed28.

Information about alcohol and other drug use in the previous 30 days was collected through the timeline 
follow-back (TLFB)  method50. To establish whether alcohol use was problematic, we used the Alcohol Use Disor-
ders Identification Test-Consumption (AUDIT-C), which has shown good internal consistency in the adolescent 
population (Cronbach’s α of 0.82)51.

Impulsivity was assessed using the UPPS-P impulsive behaviour  scale52. This scale evaluates four factors of 
impulsivity (urgency, sensation seeking, lack of perseverance and lack of premeditation) through 20 items with a 
5-point Likert-type response option. The scale has been validated in the Spanish population and has an internal 
reliability (Cronbach’s α) greater than 0.753. The Positive and Negative Affect Scale (PANAS) was used to assess 
positive affect (PA) and negative affect (NA). The scale consists of 20 items, with 10 for each type of affect. In the 
adolescent population, the questionnaire presents an internal reliability of Cronbach’s α = 0.74 for boys and 0.75 
for girls for the NA scale and 0.73 for boys and 0.72 for girls for the PA  scale54.

Statistical analysis. Descriptive analyses were performed to study the distribution of the variables and the 
presence of outliers. The normality of the distribution of the quantitative variables was verified using measures 
of central tendency and dispersion, the mean and standard deviation (± SD) when the data had a normal distri-
bution, and the median and interquartile range [IQR] when they did not. Quantitative variables were compared 
between groups by means of Student’s t-test for variables with normal distribution and with the Kruskal–Wallis 
test for variables with non-normal distribution. The Pearson chi-square test was used to compare categorical 
variables. The multivariate analysis of the SS was conducted using two models. First, binomial logistic regression 
was performed with cigarette use in the previous 30 days as a dependent variable and the remaining variables 
as independent variables. The second model used multinomial logistic regression to analyse students who had 
never tried cigarettes by considering the ESSI results (categorized into three levels: not susceptible, susceptible 
and highly susceptible) as a dependent variable and the rest of the variables as independent variables. This 
yielded an adjusted odds ratio (ORa) and its corresponding 95% confidence intervals. The analyses were per-
formed using SPSS 24.0 for Windows (SPSS, Chicago, IL).
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Results
Of the 488 students who were invited to participate in the study, consent was obtained from parents or legal 
guardians for 436 (89.3%). Of these, 19 (4.4%) declined to participate, 16 (3.7%) did not complete the question-
naire, and 24 (5.5%) were removed from the analysis for inconsistencies in their responses. Of the final sample 
of 377 students, the median age in years was 15 [14–15]. Of the 364 students who answered the gender question, 
171 (47%) reported being male. The vast majority lived with their mother 362 (96.0%) and/or father 328 (87%) 
and siblings 301 (79.6%). Less than half of the students surveyed lived with a parent with a university education 
(mother 42%, father 36%). Only 11 students (2.9%) reported having low family purchasing power (Table 1).

Of the total sample of students, n = 226 (60%) had never tried tobacco, 74 (19.6%) had tried it but had not used 
it in the last 30 days, and 77 (20.4%) had smoked in the previous 30 days. The median age in years at which the 

Table 1.  Distribution of variables for the entire sample and according to cigarette use. IQR: interquartile 
range; UPPS-P: impulsive behaviour scale; PANAS: positive and negative affect scale.

Total (n = 377) Smokers (n = 77) Non-smokers (n = 300) p-value

Gender (N = 364) n (%)

Male 171 (47.0) 21 (28.0) 150 (51.9)  < 0.001

Female 193 (53.0) 54 (72.0) 139 (48.1)

Age median [IQR] 15 [14–15] 15 [15–16] 14 [13–15]  < 0.001

Household composition n (%)

Mother 362 (96.1) 74 (96.1) 288 (96.0) 0.967

Father 328 (87.0) 64 (83.1) 264 (88.0) 0.256

Mother or father 369 (97.9) 76 (98.7) 293 (97.7) 0.574

Siblings 301 (79.6) 67 (87.0) 234 (78.0) 0.079

Grandparents 147 (39.0) 36 (46.8) 111 (37.0) 0.118

Other cohabitants 97 (25.7) 26 (33.8) 71 (23.7) 0.051

Maternal education (N = 362) n (%)

University 152 (42.0) 26 (35.1) 126 (43.8)

Secondary 127 (35.1) 24 (32.4) 103 (35.8) 0.222

Primary/none 83 (22.9) 24 (32.4) 59 (20.5)

Paternal education (N = 328) n (%)

University 118 (36.0) 19 (29.7) 99 (37.5)

Secondary 114 (34.8) 21 (32.8) 93 (35.2) 0.306

Primary/none 96 (29.3) 24 (37.5) 72 (27.3)

Socioeconomic status n (%)

Low 11 (2.9) 1 (1.3) 10 (3.3)

Average 133 (35.3) 27 (35.1) 106 (35.3) 0.630

High 233 (61.8) 49 (63.6) 184 (61.3)

Use in previous 30 days n (%)

E-cigarette 36 (9.5) 22 (28.6) 14 (4.7)  < 0.001

Hookah 56 (14.9) 31 (40.3) 25 (8.3)  < 0.001

Cannabis 23 (6.1) 18 (23.4) 5 (1.7)  < 0.001

Other drugs 10 (2.7) 4 (5.2) 6 (1.8) 0.126

Alcoholic beverage use n (%)

Never 219 (58.1) 9 (11.7) 210 (70.0)

Once or less a month 96 (25.5) 27 (35.1) 69 (23.0)  < 0.001

2–4 times a month 53 (14.1) 34 (44.2) 19 (6.3)

2–3 times a week or more 9 (2.4) 7 (9.1) 2 (0.7)

Audit-C test n (%) 53 (14.1) 34 (44.2) 19 (6.3)  < 0.001

UPPS-P impulsivity scale median [IQR]

Urgency 19 [16–23] 22 [16–23] 25 [22–28]  < 0.001

Sensation seeking 13 [10–17.5] 12.5 [9–16] 14 [10–16] 0.660

Lack of perseverance 7 [5.5–9] 8 [6–10] 8 [6–11]  < 0.001

Lack of premeditation 9 [7–12] 9 [7–11] 11 [8.5–13)  < 0.001

Total 49 [43–55.5] 51 [46–58] 58 [52–63]  < 0.001

PANAS median [IQR]

Positive 24 [22–27] 25 [22.5–26] 24 [22–27] 0.829

Negative 20 [17.5–22.5] 21 [19–23] 20 [17–22] 0.004

Total 44 [42–47] 45 [43–48.5] 44 [41–47] 0.011
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first use occurred was 14 [13–14]. For e-cigarettes, we found that 204 (54.1%) of students had never tried them, 
107 (28.4%) had tried them but had not used them in the previous 30 days, and 36 (9.5%) had smoked them in 
the previous 30 days. Regarding e-cigarettes, the median age at which they were first tried was 13 [13–14] years. 
Regarding hookahs, we found that 250 (66.3%) of the students had not tried them, 71 (18.8%) had tried them but 
had not used one in the previous 30 days, and 56 (14.9%) had smoked one in the previous 30 days. The median 
[IQR] age at the first use of a hookah was 14 [13–14] years.

When comparing students who had and had not smoked in the previous 30 days (Table 1), we found that the 
majority were female 54 (72%), and the median age in years for the smokers was 15 years [15–16] vs. 14 years 
for the non-smokers [13–15] (p < 0.001). There was no age difference between the genders (15 [14–15] years for 
both males and females; p = 0.184). The percentage of smokers who also smoked e-cigarettes or hookahs was 
significantly higher than that of non-smokers (p < 0.001 for both products). The rate of alcohol consumption was 
much higher among smokers; only 9 (11.7%) of the smokers reported never having consumed alcohol compared 
to 210 (70.0%) of the non-smokers (p < 0.001). The Audit-C screening test for alcohol risk was positive in 34 
(44.2%) smokers compared to 19 (6.3%) non-smokers (p < 0.001). We also found that a higher percentage of 
smokers than non-smokers had used cannabis in the previous 30 days (23.4% vs. 1.7%; p < 0.001). Regarding 
impulsivity, we found significantly higher scores on the UPPS-P scale among smokers, with a total score of 57.9 
(± 8.4) for smokers vs. 52.6 (± 9.2) for non-smokers (p < 0.001). The differences in the scores occurred in the 
dimensions of urgency (p < 0.001), lack of perseverance (p = 0.012) and lack of premeditation (p < 0.001). We 
also found higher scores on the PANAS among smokers than among non-smokers (p = 0.011), with notable dif-
ferences in the NA scale scores (p = 0.004).

When the smoking environment of smokers and non-smokers in the previous 30 days was analysed (Table 2), 
we found that household smoking was higher among smokers than among the non-smokers, and there were 
significant differences between the groups in the proportions of mothers (p < 0.001), fathers (p < 0.011), siblings 
(p < 0.001) and other cohabitants (p = 0.037) who smoked. There were also differences in the number of days stu-
dents were exposed to smoke in the home; most non-smokers, 215 (71.7%), stated that they were not exposed to 
second-hand smoke any day compared to 37 (48.1%) of the smokers (p < 0.001). These differences were also found 
in terms of perceptions of smoking in the family environment; almost half, 143 (47.7%), of the non-smoking 
students reported that almost no one in their family environment smoked, while only 5.2% of the smoking stu-
dents had the same perception. We also found significant differences in perceptions regarding smoking among 
peers: 15 (19.5%) of the smokers felt that almost none of their peers smoked, while 114 (38.0%) of non-smokers 
had that perception (p = 0.012). We found even more significant differences regarding perceptions of cigarette 
smoking among the respondents’ five best friends (p < 0.001). Regarding the perceived risk of smoking, we 
found that 209 (69.7%) of the non-smokers indicated a high perceived risk (responding that tobacco use would 
very likely or definitely have serious health consequences) compared to 34 (44.2%) of the smokers (p < 0.001).

When analysing susceptibility to smoking among students who had never smoked (n = 226), we found that 80 
(35.4%) had a medium or high SS for cigarette smoking, 110 (48.7%) had a medium or high SS for e-cigarettes, 
and 87 (38.4%) had a medium or high SS for hookah smoking. Eighty-one (36.0%) were curious about cigarettes, 
100 (43.8%) about e-cigarettes and 65 (28.8%) about hookahs. When both indicators in the ESSI were combined, 
we found that 36 (15.9%) students were highly susceptible to cigarette smoking, 63 (27.9%) were highly suscep-
tible to e-cigarette smoking, and 51 (22.6%) were highly susceptible to hookah smoking (Fig. 1).

When comparing the distribution of the variables according to the ESSI in students who had not tried ciga-
rettes (Table 3), we found that there was a significantly lower presence of both parents in the home (p = 0.042) 
and a greater presence of grandparents (p = 0.017) among students classified as highly susceptible. In the high-
susceptibility group, a significantly higher percentage of students (16, 44.4%) had experimented with e-cigarettes 
than in the susceptible (23, 27.1%) and non-susceptible (10, 9.5%) groups, p < 0.001. There were also differences 
among the groups in the frequency of alcohol consumption: 7 (6.7%) students in the non-susceptible group 
reported consuming alcohol at least once a month compared with 13 (36.1%) of the students in the highly sus-
ceptible group (p < 0.001). Furthermore, 3 (8.3%) students in the highly susceptible group were considered at 
high risk of alcohol abuse according to the Audit-C (p = 0.022). The UPPS-P showed higher impulsivity scores 
among students who were highly susceptible to smoking (p < 0.001). This difference was due to higher scores for 
urgency (< 0.001) and lack of perseverance (p = 0.039) among the highly susceptible students.

When the smoking environment and perceived risk were compared among the different susceptibility groups 
(Table 4), we found higher percentages of mothers and siblings who smoked among highly susceptible students 
at 13 (39.4%) (p = 0.019) and 6 (21.4%) (p = 0.013), respectively. Differences were also found in the perception 
of household smoking (p = 0.002). For the rest of the variables, we did not find significant differences except in 
the percentage of students who received offers to smoke (p = 0.007).

The results of the first multivariate analysis model (Table 5) showed a strong association between cigarette 
use and older age, aOR: 1.79 (95% CI 1.28–2.49) p < 0.001, and, to a lesser extent, female gender, aOR: 2.29 (95% 
CI 1.03–5.13) p = 0.043. The presence of friends who smoked and the perception that half or more than half of 
the student’s peers smoked cigarettes were associated with smoking, with an aOR of 6.19 (95% CI 1.72–22.32) 
p = 0.005 and 2.46 (95% CI 1.03–5.88) p = 0.043, respectively. Significant associations were also found between 
cigarette smoking and the consumption of alcohol, aOR: 1.79 (95% CI 1.17–4.65) p = 0.035, and other drugs, 
aOR: 8.26 (95% CI 2.41–28.36) p < 0.001. E-cigarette use was also associated with cigarette smoking (aOR: 4.33 
[95% CI 1.45–12.9] p = 0.009). On the impulsivity scale (UPPS-P), lack of premeditation was the best predic-
tor of cigarette use (aOR: 1.15 [95% CI 1.01–1.32] p = 0.035), and on the PANAS, the PA scale had the highest 
association with cigarette use (aOR: 1.16 [95% CI 1.02–1.32] p = 0.029).

When we analysed the association of the different variables with the ESSI using model 2 (Table 6), we found 
that exposure to household smoking and the presence of friends who smoked was associated with high suscepti-
bility to smoking (aOR: 2.78 (95% CI 1.17–6.51), p = 0.020 and 3.85 (95% CI 1.67–9.04), p = 0.002, respectively). 
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Alcohol consumption was also strongly associated with being classified as highly susceptible (aOR: 4.67 [95% CI 
1.74–12.50], p = 0.002). The perception that smoking cigarettes was likely to have an effect on health was inversely 
associated with smoking (aOR: 0.35 [95% CI 0.14–0.89], p = 0.028). However, this association was not found for 
the highly susceptible group. The urgency subscale of the impulsivity scale yielded highly significant associations 
for both the susceptible and highly susceptible groups, with aORs of 1.15 (95% CI 1.06–1.25), p < 0.001 and 1.17 
(95% CI 1.05–1.31), p = 0.005, respectively. Regarding the other subsections of the impulsivity scale, we found 
an inverse association between lack of perseverance and susceptibility (aOR: 0.86 [95% CI 0.76–0, 98], p = 0.024) 
that did not occur for highly susceptible students and a positive association between lack of perseverance and 
high susceptibility to smoking (aOR: 1.22 [95% CI 1.01–1.49], p = 0.044).

Discussion
The results of this study show that a significant number of students between 12 and 16 years of age who have not 
tried tobacco have some degree of susceptibility to smoking. More than 50% had ESSI values consistent with 
medium or high susceptibility to cigarette and e-cigarette smoking, and almost 40% had ESSI values indicative 
of medium or high susceptibility to hookah smoking. It is noteworthy that a greater proportion of students had 
high ESSI scores for e-cigarette and hookah products (27.9% and 22.6%) than for cigarettes (15.9%), suggesting 
that these products could be a possible gateway to smoking, as several studies have  suggested30,39.

Based on the SS component of the ESSI, we found that one of every two non-smoking students was suscep-
tible to smoking e-cigarettes (48.7%), followed by hookahs and cigarettes (38.4% and 35.4%, respectively). The 
other component of the ESSI, curiosity, indicated that 43.8% of the students showed curiosity about e-cigarettes, 

Table 2.  Cigarette use in the environment and its perceived risk.

Total (n = 377) Smokers (n = 77) Non-smokers (n = 300) p-value

Cigarette smoking in the household n (%)

Mother (n = 362) 98 (27.1) 35 (47.3) 63 (21.9)  < 0.001

Father (n = 328) 87 (26.5) 25 (39.1) 62 (23.5) 0.011

Siblings (n = 301) 58 (19.3) 24 (35.5) 43 (18.4)  < 0.001

Grandparents (n = 147) 24 (16.3) 7 (19.4) 17 (15.3) 0.363

Other cohabitants (n = 91) 55 (55.7) 19 (73.1) 35 (49.3) 0.037

Exposure to second-hand smoke in the home (in the previous 7 days) n (%)

None 252 (66.8) 37 (48.1) 215 (71.7)

1–2 days 31 (8.2) 7 (9.1) 24 (8.0)

3–4 days 18 (4.8) 7 (9.1) 11 (3.7)  < 0.001

5–6 days 10 (2.7) 3 (3.9) 7 (2.3)

All 7 days 66 (17.5) 23 (29.9) 43 (14.3)

Perception of household smoking n (%)

Almost no one 147 (39) 4 (5.2) 143 (47.7)

Less than half 72 (19.1) 10 (13.0) 62 (20.7)

Half 38 (10.1) 11 (14.3) 27 (9.0)  < 0.001

More than half 59 (15.6) 18 (23.4) 41 (13.7)

Almost everyone 61 (16.2) 34 (44.2) 27 (9.0)

Perception of peer smoking n (%)

Almost no one 129 (34.2) 15 (19.5) 114 (38.0)

Less than half 154 (40.8) 33 (42.9) 121 (40.3)

Half 52 (13.8) 15 (19.5) 37 (12.3) 0.012

More than half 31 (8.2) 10 (13) 21 (7.0)

Almost everyone 11 (2.9) 4 (5.2) 7 (2.3)

Smoking among the five best friends n (%)

No one 170 (45.1) 5 (6.5) 165 (55.0)

1–2 85 (22.6) 8 (10.4) 77 (25.7)  < 0.001

3–4 86 (22.9) 42 (54.6) 44 (14.7)

Everyone 36 (9.5) 22 (28.6) 14 (4.7)

Perceived risk from smoking n (%)

Will not happen 28 (7.4) 3 (3.9) 25 (8.3)

Not likely 17 (4.5) 7 (9.1) 10 (3.3)

Likely 57 (15.1) 23 (29.9) 34 (11.3)  < 0.001

Very likely 166 (44.0) 26 (33.8) 140 (46.7)

Will definitely happen 77 (20.4) 8 (10.4) 69 (23.0)

Don’t know 32 (8.5) 10 (12.0) 22 (7.3)
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with lower values for cigarettes and hookahs (36.7% and 28.8%, respectively). In this line of research in other 
countries, higher rates of both susceptibility and curiosity have been found for e-cigarettes than for cigarettes 
and  hookahs22,55. The SS identifies adolescents at risk of initiating smoking, but if we consider the progression of 
smoking habits, several longitudinal studies have reported that half of all susceptible adolescents began smoking 
during follow-up (1–3 years)19,44, with similar values for e-cigarettes and  hookahs44. Other studies have reported 
lower  rates22, although this may be due to the different age ranges of the participants and methods of assessing 
SS. Taking this evidence as a reference and considering that one in three participants was susceptible to smoking, 
the number of non-smokers who could start smoking is high. Curiosity has been associated with experimenta-
tion and subsequent  smoking18, and recent research conducted in the adolescent population found that 56% of 
curious adolescents and 65% of highly curious adolescents began experimentation during follow-up23. Taking 
this evidence into account, the number of non-smoking adolescents who may smoke in the future is likely to 
increase as a result of curiosity. Curiosity is a frequently reported reason for starting  smoking19,23.

The combination of SS and curiosity in the ESSI improved its sensitivity for predicting experimentation and 
use among susceptible non-smoking adolescents compared to the use of SS  alone19,23. The ESSI identified two-
thirds of those who initiated  smoking19 versus the 50% identified by the SS. The extrapolation of these figures to 
our results, in which we found that 50% of non-smokers were susceptible to cigarette smoking according to the 
ESSI, leads us to believe that a large number of students could start smoking during high school, which would 
significantly increase the number of adolescents who smoke by the end of this educational stage.

We found that 20.4% of the participants were current cigarette smokers, 9.5% smoked e-cigarettes, and 14.9% 
smoked hookahs. Their first use of these products occurred between 13 and 14 years of age, with earlier initia-
tion for e-cigarettes. Current smokers were more likely to be female, to use other tobacco products along with 
alcohol and other substances (cannabis), to have friends who smoked and to perceive that more of their friends 
were smokers. Additionally, current smokers presented higher levels of lack of premeditation and reported 
greater positive affect. More than half of the non-smokers had moderate or high scores on the susceptibility 
index. Highly susceptible non-smokers had greater exposure to second-hand smoke in the home, had a greater 
number of friends who smoked and reported consuming alcohol. They obtained higher scores for urgency and 
lack of perseverance.

The prevalence of current cigarette and e-cigarette users was 20.4% and 9.5%, respectively. The 2018 Spanish 
national survey reported a 26.7% prevalence of cigarette use and a 14.9% prevalence of e-cigarette use among 
adolescents between 14 and 18 years of  age3. The observed difference may be because our study included a 
younger population group. The prevalence of hookah use was 14.9%, lower than that in a study of Spanish stu-
dents that reported a 33.7% prevalence of hookah  use56. These differences were likely to have occurred because 
the survey sample included students in higher education. Furthermore, the fact that our study was conducted 
in three educational centres in a single region, while the Spanish national survey was conducted throughout the 
country, could partly explain these differences.

Tobacco use during adolescence is influenced by sociodemographic, social and intrapersonal factors. Regard-
ing sociodemographic factors, we found an association between age and smoking that is consistent with other 
 studies57,58. Regarding gender, we found a higher prevalence of smoking among females. Although the avail-
able evidence reports higher use among female adolescents, this situation is not new, as shown by the Health 

N = 226; Standard error bars.
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Figure 1.  Expanded Susceptibility to Smoking Index (ESSI) for non-smoking students. N = 226; Standard error 
bars.
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Behaviour in School-Aged Children (HBSC) study for Spain and the ESTUDES Survey (National Survey on 
Drugs in Secondary Education)2,3. According to ESTUDES, in 2010, the prevalence of smoking among girls 
aged 14–18 years was 13.6% vs. 11% for boys, and the 2018 data continue to reflect this behaviour, although the 
difference has narrowed (10.3% for girls vs. 9.4% for boys)3.

Within the social environment, we highlight two findings. First, we found an association between exposure to 
second-hand smoke and highly susceptible non-smoking status. According to the data from a review, the smok-
ing status of household members is a predictor of smoking initiation in  adolescents27, and its influence may be 
mediated by exposure to second-hand  smoke59. It has also been suggested that the influence of smoking among 
household members is lower than that exerted by the peer  group60, which was our second finding. Tobacco use 
within the peer group was associated with both high susceptibility and smoking status. These data seem to be in 
line with other research that suggests that engaging in risky behaviours during adolescence, such as smoking, 

Table 3.  Comparison of variables according to the Expanded Susceptibility to Smoking Index (ESSI) values 
for students who had not tried cigarettes. IQR: interquartile range; UPPS-P: impulsive behaviour scale; 
PANAS: positive and negative affect scale.

ESSI

p-value
Not susceptible
(n = 105)

Susceptible
(n = 85)

Highly Susceptible
(n = 36)

Age (years) median [IQR] 14 [13–15] 14 [13–15] 14 [13–15] 0.490

Gender male n (%) 63 (61.8) 43 (50.6) 14 (41.2) 0.077

Household composition n (%)

Mother 104 (99.0) 82 (96.5) 33 (91.7) 0.084

Father 94 (89.5) 77 (90.6) 30 (83.3) 0.491

Mother or father 105 (100) 84 (98.8) 34 (94.4) 0.042

Siblings 90 (85.7) 61 (71.8) 28 (77.8) 0.061

Grandparents 38 (36.2) 22 (25.9) 19 (52.8) 0.017

Other cohabitants 21 (20.0) 19 (22.4) 10 (27.89 0.623

Maternal education (N = 219) n (%)

University 46 (43.2) 44 (53.7) 13 (39.4)

Secondary 40 (38.5) 23 (28.0) 12 (36.4) 0.191

Primary/none 18 (17.3) 15 (18.3) 8 (24.2)

Paternal education (N = 201) n (%)

University 35 (37.2) 38 (49.4) 10 (33.3)

Secondary 31 (28.7) 23 (29.9) 11 (36.7) 0.572

Primary/none 28 (29.8) 16 (20.8) 9 (30.0)

Socioeconomic status n (%)

Low 5 (4.8) 2 (2.4) 2 (5.6)

Average 30 (28.6) 29 (34.1) 12 (33.3) 0.806

High 70 (66.5) 54 (63.5) 22 (61.1)

Tried n (%)

E-cigarette 10 (9.5) 23 (27.1) 16 (44.4)  < 0.001

Hookah 19 (18.1) 14 (16.5) 6 (16.7) 0.953

Other drugs 4 (4.0) 4 (4.8) 0 (0.0) 0.442

Alcoholic beverage use n (%)

Never 98 (93.3) 67 (78.8) 23 (63.9)

Once or less a month 6 (5.7) 17 (20.0) 11 (30.5) 0.001

Two to four times a month or more 1 (1.0) 1 (1.2) 2 (5.6%)

Audit-C test n (%) 0 (0.0) 3 (3.5) 3 (8.3) 0.022

UPPS-P impulsivity scale median [IQR]

Urgency 19 [16–23] 22 [19–25] 25 [22.5–27.5]  < 0.001

Sensation seeking 13 [10–16] 13 [10–16] 14 [10–16] 0.918

Lack of perseverance 7 [6–9] 8 [6–9] 8 [6.5–11] 0.039

Lack of premeditation 9 [7–12] 9 [7–11] 10.5 [8–13] 0.070

Total 49 [43–55] 51 [46–58] 59 [50.5–62.5]  < 0.001

PANAS median [IQR]

Positive affect 25 [23–27] 25 [22–26.5] 24 [23–26] 0.293

Negative affect 19 [17–21] 19 [17–22] 20.5 [17–23] 0.288

Total 44 [41–46] 44 [40.5–47] 44.5 [41–47] 0.796
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seems to be influenced by the peer  group61,62, which is a key factor in both intentionality and  smoking35. Some 
studies suggest that having one or more friends who smoke increases the risk of  smoking57,63. If smoking among 
friends occurs in situations in which positive affect prevails, non-smokers might find it difficult to resist peer 
 pressure64, which could increase the probability that they will experiment.

Tobacco use has also been linked to other risk behaviours, including the use of alcohol and other substances, 
such as  cannabis65,66. We found an association of the combination of tobacco use and high susceptibility to smok-
ing with alcohol consumption, while cannabis use was only associated with smoking status. Alcohol consumption 
among young people usually occurs in a context where the ease of access to cigarettes is  greater66. If this situation 
occurs during states of positive affect, peer pressure could be increased and could be more difficult to  resist64, 
which could lead adolescents to experiment with cigarettes.

Regarding intrapersonal factors, previous studies have established the existence of a close relationship between 
addictive behaviours, impulsivity and personal  traits31. We found an association of high susceptibility with 
urgency and lack of perseverance, and current smoking was associated with lack of premeditation and positive 
affect. According to one review, impulsivity factors are specifically associated with different stages of smoking 
in the adult  population67, and smoking increases in cases of global impulsivity. In addition, this relationship 
is not static and can change over  time67. In line with our results, other studies have reported that a lack of 

Table 4.  Smoking environment and perceived risk according to the Expanded Susceptibility to Smoking Index 
(ESSI) in students who had not tried cigarettes.

ESSI

p-value
Not susceptible
(n = 105)

Susceptible
(n = 85)

Highly Susceptible
(n = 36)

Smoking in the household n (%)

Mother (n = 219) 19 (18.3) 14 (17.1) 13 (39.4) 0.019

Father (n = 201) 20 (21.3) 16 (20.8) 10 (33.3) 0.335

Siblings (n = 179) 4 (4.4) 10 (16.4) 6 (21.4) 0.013

Grandparents (n = 79) 3 (7.9) 3 (13.6) 6 (31.6) 0.062

Other cohabitants (n = 50) 8 (38.1) 8 (42.1) 7 (70.0) 0.227

Exposure to second-hand smoke in the home (previous 7 days) n (%)

None 82 (78.1) 65 (76.5) 20 (55.6)

1–2 days 8 (7.6) 4 (4.7) 7 (19.4)

3–4 days 2 (1.9) 2 (2.4) 0 (0.0) 0.075

5–6 days 2 (1.9) 0 (0.0) 1 (2.8)

All 7 days 11 (10.5) 14 (16.5) 8 (22.2)

Perception of household smoking n (%)

Almost no one 72 (68.6) 45 (52.9) 13 (36.1)

Less than half 17 (16.2) 19 (22.4) 11 (30.6)

Half 4 (3.8) 6 (7.1) 6 (16.7) 0.002

More than half 6 (5.7) 10 (11.8) 4 (11.1)

Almost everyone 6 (5.7) 5 (5.9) 2 (5.6)

Perception of peer smoking n (%)

Almost no one 44 (41.9) 35 (41.2) 12 (33.3)

Less than half 42 (40.0) 36 (42.2) 16 (44.4)

Half 19 (9.5) 7 (8.2) 7 (19.4) 0.458

More than half 8 (7.6) 4 (4.7) 1 (2.8)

Almost everyone 1 (1.0) 3 (3.5) 0 (0.0)

Smoking among five best friends n (%)

None 79 (75.2) 51 (60) 20 (55.6) 0.083

1–2 17 (16.2) 21 (24.7) 14 (38.8)

3–4 6 (5.7) 10(11.8) 2 (5.6)

Everyone 3 (2.9) 3 (3.5) 0 (0.0)

Perceived risk from smoking n (%)

Will not happen 15 (14.3) 4 (4.7) 2 (5.6)

Not likely 2 (1.9) 2 (2.4) 3 (8.3)

Likely 8 (7.6) 12 (14.1) 5 (13.9) 0.140

Very likely 47 (44.8) 48 (56.5) 16 (44.4)

Will definitely happen 27 (25.7) 15 (17.6) 7 (19.4)

Don’t know 6 (5.7) 4 (4.7) 3 (8.3)

Offers to smoke n (%) 13 (12.4) 19 (22.4) 13 (36.1) 0.007



10

Vol:.(1234567890)

Scientific Reports |         (2021) 11:1988  | https://doi.org/10.1038/s41598-021-81723-5

www.nature.com/scientificreports/

premeditation and impulsivity based on emotion or positive affect seem to be traits that differentiate smokers 
from non-smokers31. Adolescence is associated with an increase in mood swings; when adolescents are under 
great emotional burden, they tend to act without thinking and without evaluating the  consequences64. Hasty 
action or urgency in situations of intense emotions yields immediate feedback, which could affect the probability 
that the action will be repeated in the  future31. Evidence suggests that urgency has a good predictive capacity in 
relation to risk-taking and substance  use68. Measures of urgency during primary school seem to predict tobacco 
use later in  life68,69.

There are several limitations of this study, including the design; this is a cross-sectional study that reports 
the existence of an association between the variables studied but does not establish causality in this relationship. 
Although the selection of the educational centres for the study was performed randomly, the selection of the 
sample does not depict probability sampling, which could affect the external validity of the results. Furthermore, 
the data were obtained through self-report, which could influence their veracity, although this approach has been 
considered adequate to assess consumer behaviour in educational  environments25. Anonymity and confidentiality 

Table 5.  Multivariate analysis 1. n = 377. Significant variables and results shown in bold text. aOR: adjusted 
odds ratio; 95% CI: 95% confidence interval; Ref.: reference; UPPS-P: impulsive behaviour scale; PANAS: 
positive and negative affect scale.

Exposure aOR 95% CI p-value

Age

1-year increase 1.79 1.28–2.49  < 0.001

Gender

Male 1.00 Ref

Female 2.29 1.03–5.13 0.043

Socioeconomic status

Medium or high 1.00 Ref

Low 1.14 0.54–2.39 0.726

Household exposure

No 1.00 Ref

Yes 2.02 0.51–7.98 0.316

Friends who smoke

No 1.00 Ref

Yes 6.19 1.72–22.32 0.005

Perception of peer smoking

Less than half 1.00 Ref

Half or more 2.46 1.03–5.88 0.043

Alcohol consumption

No 1.00 Ref

Yes 1.79 1.17–4.65 0.035

Use of other drugs

No 1.00 Ref

Yes 8.26 2.41–28.36  < 0.001

E-cigarette use

No 1.00 Ref

Yes 4.33 1.45–12.9 0.009

Hookah use

No 1.00 Ref

Yes 2.23 0.91–5.45 0.080

Perceived risk from smoking

Will not happen/not likely 1.00 Ref

Likely to happen to definitely will happen 0.59 0.25–1.38 0.222

UPPS-P (1-point increase)

Urgency 1.04 0.96–1.14 0.342

Sensation seeking 1.00 0.92–1.09 0.921

Lack of perseverance 1.01 0.86–1.18 0.905

Lack of premeditation 1.15 1.01–1.32 0.035

PANAS (1-point increase)

Positive affect 1.16 1.02–1.32 0.029

Negative affect 1.04 0.93–1.17 0.497
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were used to improve data veracity. Another limitation is the study population. This study was conducted among 
students in the 2nd to 4th grades of secondary education who resided in a region of Spain. Consequently, the 
results obtained may not be generalizable to other areas, although they allow factors related to tobacco use before 
and after the initiation of smoking to be determined.

The data of this study suggest that among adolescents, the social environment, smoking among family mem-
bers and especially among friends, other risky behaviours such as alcohol and cannabis use, and situations involv-
ing intense emotions where the individual may be hasty in his or her actions influence the susceptibility to and 
initiation of smoking. These findings could improve prevention programmes in the educational field by taking 
into account the influence of the social environment and intrapersonal factors on both smoking susceptibility 
and smoking initiation. Reducing peer pressure through self-efficacy and improving resolve under conditions 

Table 6.  Multivariate analysis 2. n = 226. Significant variables and results shown in bold text. aOR: adjusted 
odds ratio; 95% CI: 95% confidence interval; Ref.: reference; ESSI: expanded susceptibility to smoking index; 
UPPS-P: impulsive behaviour scale; PANAS: positive and negative affect scale.

Exposure

ESSI

Susceptible Highly susceptible

aOR 95% CI p-value aOR 95% CI p-value

Age

1-year increase 1.01 0.74–1.39 0.926 1.56 0.97–2.48 0.065

Gender

Male 1.00 Ref 1.00 Ref

Female 1.52 0.77–2.95 0.226 1.75 0.67–4.53 0.252

Socioeconomic status

Medium or high 1.00 Ref 1.00 Ref

Low 1.12 0.56–2.22 0.749 0.93 0.36–2.39 0.868

Household exposure

No 1.00 Ref 1.00 Ref

Yes 1.39 0.65–3.00 0.400 2.78 1.17–6.51 0.020

Smoking friends

No 1.00 Ref 1.00 Ref

Yes 1.75 0.83–3.73 0.137 3.85 1.67–9.04 0.002

Perception of peer smoking

Less than half 1.00 Ref 1.00 Ref

Half or more 0.83 0.45–1.55 0.560 1.45 0.69–3.04 0.329

Alcohol consumption

No 1.00 Ref 1.00 Ref

Yes 1.94 0.69–5.39 0.207 4.67 1.74–12.50 0.002

Use of other drugs

No 1.00 Ref 1.00 Ref

Yes 3.23 0.24–41.66 0.377 9.09 0.73–104.72 0.088

E-cigarette use

No 1.00 Ref 1.00 Ref

Yes 2.33 0.12–43.36 0.575 3.45 0.16–75.31 0.424

Hookah use

No 1.00 Ref 1.00 Ref

Yes 0.61 0.15–2.49 0.491 0.57 0.08–4.38 0.592

Perceived risk from smoking

Will not happen/not likely 1.00 Ref 1.00 Ref

Likely to happen to definitely will happen 0.35 0.14–0.89 0.028 0.92 0.31–2.74 0.883

UPPS-P (1-point increase)

Urgency 1.15 1.06–1.25  < 0.001 1.17 1.05–1.31 0.005

Sensation seeking 0.98 0.9–1.06 0.558 0.96 0.86–1.07 0.458

Lack of perseverance 1.08 0.93–1.26 0.320 1.22 1.01–1.49 0.044

Lack of premeditation 0.86 0.76–0.98 0.024 0.9 0.75–1.08 0.274

PANAS (1-point increase)

Positive affect 0.95 0.84–1.08 0.446 0.99 0.83–1.18 0.916

Negative affect 0.93 0.84–1.03 0.173 0.98 0.85–1.14 0.799
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of positive affect to reduce urgency could be suitable approaches. The findings should guide future longitudinal 
studies that can confirm the associations detected and propose more effective interventions.

Received: 11 September 2020; Accepted: 11 January 2021

References
 1. ESPAD Group. ESPAD Report 2015. Results from the European School Survey Project on Alcohol and Other Drugs. (2016). https ://

doi.org/10.2810/28997 0.
 2. Moreno, C. et al. Informe comparativo de las ediciones 2002–2006–2010–2014–2018 del Estudio HBSC en España. (2019).
 3. Ministerio de Sanidad Consumo y Bienestar Social. ESTUDES 2018/19. Encuesta sobre el Uso de Drogas en Enseñanzas Secunda-

rias en España (1994–2018). (2020). http://www.pnsd.mscbs .gob.es/profe siona les/siste masIn forma cion/siste maInf ormac ion/pdf/
ESTUD ES_2018-19_Infor me.pdf. Accessed 17th Mar 2020.

 4. Reitsma, M. B. et al. Smoking prevalence and attributable disease burden in 195 countries and territories, 1990–2015: A systematic 
analysis from the Global Burden of Disease Study 2015. Lancet 389, 1885–1906 (2017).

 5. Walton, K. M. et al. NIH electronic cigarette workshop: Developing a research agenda. Nicotine Tob. Res. 17, 259–269 (2015).
 6. Maziak, W. et al. The global epidemiology of waterpipe smoking. Tob. Control 24(Suppl 1), i3–i12 (2015).
 7. Chien, Y. N. et al. Electronic cigarette use and smoking initiation in Taiwan: Evidence from the first prospective study in Asia. Int. 

J. Environ. Res. Public Health 16, 1145 (2019).
 8. Leventhal, A. M. et al. Association of electronic cigarette use with initiation of combustible tobacco product smoking in early 

adolescence. JAMA J. Am. Med. Assoc. 314, 700–707 (2015).
 9. Lozano, P., Arillo-Santillán, E., Barrientos-Gutíerrez, I., Reynales Shigematsu, L. M. & Thrasher, J. F. E-cigarette social norms and 

risk perceptions among susceptible adolescents in a country that bans E-cigarettes. Health Educ. Behav. 46, 275–285 (2019).
 10. US Department of Health and Human Services. E-Cigarette Use Among Youth and Young Adults: A Report of the Surgeon General. 

(2016). https ://e-cigar ettes .surge ongen eral.gov/docum ents/2016_SGR_Full_Repor t_non-508.pdf. Accessed: 16th July 2020.
 11. European Commission. Special Eurobarometer 458. Attitudes of Europeans towards tobacco and electronic cigarettes. (2017).https 

://doi.org/10.2875/24512 3.
 12. Akl, E. A. et al. The effects of waterpipe tobacco smoking on health outcomes: A systematic review. Int. J. Epidemiol. 39, 834–857 

(2010).
 13. Sáenz-Lussagnet, J. M., Rico-Villademoros, F. & Luque-Romero, L. G. Consumo de pipas de agua y cigarrillos entre adolescentes 

de Sevilla (España): prevalencia y potenciales determinantes. Adicciones 31, 170–173 (2019).
 14. Holliday, E. & Gould, T. J. Nicotine, adolescence, and stress: A review of how stress can modulate the negative consequences of 

adolescent nicotine abuse. Neurosci. Biobehav. Rev. 65, 173–184 (2016).
 15. Yuan, M., Cross, S. J., Loughlin, S. E. & Leslie, F. M. Nicotine and the adolescent brain. J. Physiol. 593, 3397–3412 (2015).
 16. Casey, B., Jones, R. M. & Somerville, L. H. Braking and accelerating of the adolescent brain. J. Res. Adolesc. 21, 21–33 (2011).
 17. Patel, M., Kaufman, A., Hunt, Y. & Nebeling, L. Understanding the relationship of cigarette smoking trajectories through adoles-

cence and weight status in young adulthood in the United States. J. Adolesc. Heal. Off. Publ. Soc. Adolesc. Med. 61, 163–170 (2017).
 18. Pierce, J. P., Distefan, J. M., Kaplan, R. M. & Gilpin, E. A. The role of curiosity in smoking initiation. Addict. Behav. 30, 685–696 

(2005).
 19. Strong, D. R. et al. Predictive validity of the expanded susceptibility to smoke index. Nicotine Tob. Res. 17, 862–869 (2015).
 20. Pierce, J.P. et al. Tobacco use in California 1992. A focus on preventing uptake in adolescents. Sacramento Calif. Dep. Heal. Serv. 

(1993).
 21. Pierce, J. P., Choi, W. S., Gilpin, E. A., Farkas, A. J. & Merritt, R. K. Validation of susceptibility as a predictor of which adolescents 

take up smoking in the United States. Health Psychol. 15, 355–361 (1996).
 22. Carey, F. R., Wilkinson, A. V., Harrell, M. B., Cohn, E. A. & Perry, C. L. Measurement and predictive value of susceptibility to 

cigarettes, e-cigarettes, cigars, and hookah among Texas adolescents. Addict. Behav. Reports 8, 95–101 (2018).
 23. Nodora, J. et al. Curiosity predicts smoking experimentation independent of susceptibility in a US national sample. Addict. Behav. 

39, 1695–1700 (2014).
 24. Bold, K. W., Kong, G., Cavallo, D. A., Camenga, D. R. & Krishnan-Sarin, S. E-cigarette susceptibility as a predictor of youth initia-

tion of e-cigarettes. Nicotine Tob. Res. 20, ntw393 (2018).
 25. Choi, W. S., Gilpin, E. A., Farkas, A. J. & Pierce, J. P. Determining the probability of future smoking among adolescents. Addiction 

96, 313–323 (2001).
 26. Trinidad, D. R. et al. Susceptibility to tobacco product use among youth in wave 1 of the population assessment of tobacco and 

health (PATH) study. Prev. Med. 101, 8–14 (2017).
 27. Wellman, R. J. et al. Predictors of the onset of cigarette smoking: A systematic review of longitudinal population-based studies in 

youth. Am. J. Prev. Med. 51, 767–778 (2016).
 28. Cole, A. G., Cummins, S. E. & Zhu, S.-H. Offers of cigarettes and E-cigarettes among high school students: A population study 

from California. Int. J. Environ. Res. Public Health 16, 1143 (2019).
 29. Bold, K. W. et al. Early age of e-cigarette use onset mediates the association between impulsivity and e-cigarette use frequency in 

youth. Drug Alcohol Depend. 181, 146–151 (2017).
 30. Case, K. R. et al. The relationships between sensation seeking and a spectrum of e-cigarette use behaviors: Cross-sectional and 

longitudinal analyses specific to Texas adolescents. Addict. Behav. 73, 151–157 (2017).
 31. Cyders, M. A. & Smith, G. T. Emotion-based dispositions to rash action: Positive and negative urgency. Psychol. Bull. 134, 807–828 

(2008).
 32. Berg, C. J. et al. Perceived harm, addictiveness, and social acceptability of tobacco products and marijuana among young adults: 

Marijuana, hookah, and electronic cigarettes win. Subst. Use Misuse 50, 79–89 (2015).
 33. Salloum, R. G. et al. Waterpipe tobacco smoking and susceptibility to cigarette smoking among young adults in the United States, 

2012–2013. Prev. Chronic Dis. 13, E24 (2016).
 34. Palamar, J. J., Zhou, S., Sherman, S. & Weitzman, M. Hookah use among U.S. high school seniors. Pediatrics 134, 227–234 (2014).
 35. Patiño-Masó, J. et al. Predictors of intentions to use cigarettes and electronic-cigarettes among high school students. J. Multidiscip. 

Healthc. 12, 591–599 (2019).
 36. Aleyan, S., Cole, A., Qian, W. & Leatherdale, S. T. Risky business: A longitudinal study examining cigarette smoking initiation 

among susceptible and non-susceptible e-cigarette users in Canada. BMJ Open 8, e021080 (2018).
 37. Wills, T. A., Knight, R., Williams, R. J., Pagano, I. & Sargent, J. D. Risk factors for exclusive e-cigarette use and dual e-cigarette use 

and tobacco use in adolescents. Pediatrics 135, e43-51 (2015).
 38. Europea, C. Directiva 2014/40/UE del Parlamento Europeo y del Consejo de 3 de abril de 2014 relativa a la aproximacion de las 

disposiciones legales, reglamentarias y administrativas de los Estados miembros en materia de fabricación, presentación y venta 
de los produc. D. Of. la Unión Eur. 127, 38 (2014).

https://doi.org/10.2810/289970
https://doi.org/10.2810/289970
http://www.pnsd.mscbs.gob.es/profesionales/sistemasInformacion/sistemaInformacion/pdf/ESTUDES_2018-19_Informe.pdf
http://www.pnsd.mscbs.gob.es/profesionales/sistemasInformacion/sistemaInformacion/pdf/ESTUDES_2018-19_Informe.pdf
https://e-cigarettes.surgeongeneral.gov/documents/2016_SGR_Full_Report_non-508.pdf
https://doi.org/10.2875/245123
https://doi.org/10.2875/245123


13

Vol.:(0123456789)

Scientific Reports |         (2021) 11:1988  | https://doi.org/10.1038/s41598-021-81723-5

www.nature.com/scientificreports/

 39. Loukas, A., Marti, C. N., Cooper, M., Pasch, K. E. & Perry, C. L. Exclusive e-cigarette use predicts cigarette initiation among college 
students. Addict. Behav. 76, 343–347 (2018).

 40. National Academies of Sciences, Engineering, and M. Public Health Consequences of E-Cigarettes. (National Academies Press, 
2018). https ://doi.org/10.17226 /24952 .

 41. Harrell, P. T. et al. Vaping expectancies: A qualitative study among young adult nonusers, smokers, vapers, and dual users. Subst. 
Abus. Res. Treat. 13, 117822181986621 (2019).

 42. Junta de Extremadura. Estadística Educativa. (2014). http://estad istic aeduc ativa .educa rex.es/. Accessed 22nd May 2020.
 43. Daniel, W. Biostatistics: A Foundation for Analysis in the Health Sciences (John, New York, 1999).
 44. Cole, A. G., Kennedy, R. D., Chaurasia, A. & Leatherdale, S. T. Exploring the predictive validity of the susceptibility to smoking 

construct for tobacco cigarettes, alternative tobacco products, and e-cigarettes. Nicotine Tob. Res. 21, 323 (2019).
 45. Khalil, G. E., Calabro, K. S. & Prokhorov, A. V. Development and initial testing of the brief adolescent smoking curiosity scale 

(ASCOS). Addict. Behav. 78, 67–73 (2018).
 46. Ministerio de Sanidad, S. S. e I. Estudio Health Behaviour in Schooll-aged Children (HBSC-2014). Informe técnico de los resultados 

obtenidos por el Estudio Health Behaviour in School-aged Children (HBSC) 2014 en Extremadura. (2018).
 47. Currie, C. et al. Researching health inequalities in adolescents: The development of the Health Behaviour in School-Aged Children 

(HBSC) Family Affluence Scale. Soc. Sci. Med. 66, 1429–1436 (2008).
 48. U.S. Department of Health and Human Services. Guidelines for School Health Programs to Prevent Tobacco Use and Addiction. 

MMWR, Vol. 43, 1–18 (1994). https ://www.cdc.gov/MMWR/PREVI EW/MMWRH TML/00026 213.htm. Accessed 22 Jan 2019.
 49. Ministerio de Sanidad Servicios Sociales e Igualdad. Encuesta sobre uso de drogas en enseñanzas secundarias en España 

(ESTUDES) 2016/2017. 145 (2018). http://www.pnsd.msssi .gob.es/profe siona les/siste masIn forma cion/siste maInf ormac ion/pdf/
ESTUD ES_2016_Prese ntaci on.pdf. Accessed 19 Dec 2018.

 50. Sobell, L. C. & Sobell, M. B. Timeline Follow-Back: A technique for assessing self-reported alcohol consumption. In Measuring 
Alcohol Consumption: Psychosocial and Bio-chemical (eds Litten, R. Z. & Allen, J. P.) 41–72 (Humana Press, Totowa, 1992).

 51. Rial Boubeta, A., Golpe Ferreiro, S., Araujo Gallego, M., Braña Tobío, T. & Varela Mallou, J. Validación del “Test de identificación 
de trastornos por consumo de alcohol” (audit) en población adolescente española. Behav. Psychol. Psicol. Conduct. 25, 371–386 
(2017).

 52. Cándido, A., Orduña, E., Perales, J., Verdejo-García, A. & Billieux, J. Validation of a short Spanish version of the UPPS-P impulsive 
behavior scale. Trastor. Adict. 14, 73–78 (2012).

 53. Herdoiza-Arroyo, P. & Chóliz, M. Impulsividad en la Adolescencia: Utilización de una Versión Breve del Cuestionario UPPS en 
una Muestra de Jóvenes Latinoamericanos y Españoles Impulsivity in Adolescence: Use of a Short Version of the UPPS Question-
naire in a Sample of Latin American and S. Rev. Iberoam. Diagnóstico y Evaluación Psicológica 1, 123–126 (2018).

 54. Sandín, B. Escalas Panas de afecto positivo y negativo para niños y adolescentes (PANASN). Rev. Psicopatología y Psicol. Clínica 
8, 173–182 (2003).

 55. Wang, T. W. et al. Tobacco product use and associated factors among middle and high school students—United States, 2019. 
MMWR. Surveill. Summ. 68, 1–22 (2019).

 56. Jorge-Araujo, P., Torres-García, M., Saavedra-Santana, P. & Navarro-Rodríguez, C. Consumo de tabaco en pipa de agua en estu-
diantes españoles de secundaria y bachillerato de la provincia de Las Palmas. Heal. Addict. y Drog. 17, 121 (2017).

 57. Hoffman, B. R., Monge, P. R., Chou, C. P. & Valente, T. W. Perceived peer influence and peer selection on adolescent smoking. 
Addict. Behav. 32, 1546–1554 (2007).

 58. Roberts, M. E., Colby, S. M. & Jackson, K. M. What predicts early smoking milestones?. J. Stud. Alcohol Drugs 76, 256–266 (2015).
 59. Waa, A. et al. Parental behaviours, but not parental smoking, influence current smoking and smoking susceptibility among 14 and 

15 year-old children. Aust. N. Z. J. Public Health 35, 530–536 (2011).
 60. Hu, F. B., Flay, B. R., Hedeker, D., Siddiqui, O. & Day, L. E. The influences of friends’ and parental smoking on adolescent smoking 

behavior: The effects of time and prior smoking. J. Appl. Soc. Psychol. 25, 2018–2047 (1995).
 61. Gardner, M. & Steinberg, L. Peer influence on risk taking, risk preference, and risky decision making in adolescence and adulthood: 

An experimental study. Dev. Psychol. 41, 625–635 (2005).
 62. Hall, J. A. & Valente, T. W. Adolescent smoking networks: The effectos of influence and selection on future smoking. Addict. Behav. 

32, 3054–3059 (2007).
 63. Ennett, S. T. et al. The peer context of adolescent substance use: Findings from social network analysis. J. Res. Adolesc. 16, 159–186 

(2006).
 64. Steinberg, L. Risk taking in adolescence: What changes, and why?. Ann. N. Y. Acad. Sci. 1021, 51–58 (2004).
 65. Audrain-McGovern, J. et al. Identifying and characterizing adolescent smoking trajectories. Cancer Epidemiol. Biomarkers Prev. 

13, 2023–2034 (2004).
 66. O’Loughlin, J., Karp, I., Koulis, T., Paradis, G. & DiFranza, J. Determinants of first puff and daily cigarette smoking in adolescents. 

Am. J. Epidemiol. 170, 585–597 (2009).
 67. Kale, D., Stautz, K. & Cooper, A. Impulsivity related personality traits and cigarette smoking in adults: A meta-analysis using the 

UPPS-P model of impulsivity and reward sensitivity. Drug Alcohol Depend. 185, 149–167 (2018).
 68. Smith, G. T. & Cyders, M. A. Integrating affect and impulsivity: The role of positive an negative urgency in substance use risk. 

Drug Alcohol Depend. 1, S3–S12 (2016).
 69. Riley, E. N., Rukavina, M. & Smith, G. T. The reciprocal predictive relationship between high-risk personality and drinking: An 

8-wave longitudinal study in early adolescents. J. Abnorm. Psychol. 125, 798–804 (2016).

Author contributions
S-M.E. designed the study conception; S-M.E. and C-G.S. designed the research study and material preparation; 
S-M. E. and R-M.S. enrolled the subjects; S-M.E., F-A.C., C-D.S. and C-G.S. acquired the data; C-G.S. performed 
the statistical analysis; S-M. E. wrote the first draft of the manuscript; and C-G.S. provided valuable advice and 
critical revision. All authors commented on previous versions of the manuscript. All authors read and approved 
the final manuscript.

Funding
The members of the GISyC are funded by “Programa operativo FEDER Extremadura (2014–2020) y Fondo 
Europeo de Desarrollo General (FEDER)” (GR18146).

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to E.S.-M.

https://doi.org/10.17226/24952
http://estadisticaeducativa.educarex.es/
https://www.cdc.gov/MMWR/PREVIEW/MMWRHTML/00026213.htm
http://www.pnsd.msssi.gob.es/profesionales/sistemasInformacion/sistemaInformacion/pdf/ESTUDES_2016_Presentacion.pdf
http://www.pnsd.msssi.gob.es/profesionales/sistemasInformacion/sistemaInformacion/pdf/ESTUDES_2016_Presentacion.pdf


14

Vol:.(1234567890)

Scientific Reports |         (2021) 11:1988  | https://doi.org/10.1038/s41598-021-81723-5

www.nature.com/scientificreports/

Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2021

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Factors associated with smoking susceptibility among high school students in western Spain
	Methodology
	Population and sample. 
	Inclusion and exclusion criteria. 
	Sample size calculation. 

	Procedure. 
	Data collection instrument. 
	Measurements. 
	Main study variable. 
	Independent variables. 

	Statistical analysis. 

	Results
	Discussion
	References


