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ABSTRACT

Background Several studies have observed socio-economic (SE) inequalities in smoking among adolescents, but its causes are not fully

understood. This study investigates the association between parental and adolescent smoking, and whether this association is socially patterned.

Methods We used data from a survey administered in 2013 to students aged 14–17 years old of six European cities (n ¼ 10 526). Using

multilevel mixed-effects logistic regression, we modelled the probability of being a daily smoker as a function of parental smoking and SE status.

We tested whether the smoking association differed across social strata.

Results The prevalence of parental smoking was higher in low SE status adolescents. Boys and girls were more likely to smoke if they have a

father [boys: adjusted odds ratio (AOR) ¼ 1.90, 95% CI ¼ 1.47–2.46; girls: AOR ¼ 1.42, 95% CI ¼ 1.09–1.86] and mother (boys: AOR ¼ 1.77,

95% CI ¼ 1.35–2.31; girls: AOR ¼ 3.36, 95% CI ¼ 2.56–4.40) who smoked. Among boys, the odds of smoking when having a smoking parent

were higher in lower SE classes. However, this was not statistically significant, nor was it observed among girls.

Conclusions Adolescents are more likely to smoke when their father and mother smoke. Although the susceptibility to parental smoking was

similar across social classes, SE differences in parental smoking contribute to the transmission of SE inequalities in smoking.

Keywords adolescent, adolescent behaviour, family, inequality, smoking, socio-economic

Introduction

There is a large body of evidence of socio-economic (SE) in-
equalities in smoking in adolescence. Most studies report that
smoking is more prevalent among adolescents from low SE
groups.1 The SE status (SES) is associated with smoking initi-
ation in young people and a greater likelihood of adolescents
to become daily smokers.2 Additionally, a recent study has
shown that the SE inequalities in smoking among adolescents
have been rising.3 Adolescent smoking is a matter of concern
because smoking behaviour that starts in adolescence usually
persists thereafter, contributing to endless intergenerational
cycles of nicotine dependence, tobacco-related diseases and
premature mortality.4 Despite this consistent evidence, there
is no convincing explanation of why inequalities in smoking

emerge at an early age. Among the possible causes, parental
modelling and attitudes appear in the first place. A major risk
of adolescents’ smoking initiation is the imitation of their
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parents’ smoking behaviour and that observation of parental
smoking is associated with adolescent smoking and heavy
smoking in early adulthood.4 – 7 This relationship remains even
when controlling for peer influences.8 Besides, having both
parents smoking more than doubles the risk of smoking.9 – 12

This risk is smaller when parents are former smokers or de-
clining smokers; and the earlier the parents quit smoking, the
lower the risk of adolescent’s smoking.10,12,13 Several reasons
why smoking is transmitted across generations were identified
in the literature: (i) contradicting messages (smoking parents
simultaneously saying that smoking is dangerous to health),
(ii) parents easing adolescent’s access to tobacco products and
(iii) imitation of parents’ smoking behaviours by role model-
ling.4,13,14 Additionally, shared genetic traits may include ad-
diction profiles, and nicotine or drug responses.15,16

The objective of this paper is to investigate how parental
smoking contributes to the SE inequalities in adolescent
smoking. On the one hand, the parent–child transmission is
expected to contribute to inequalities simply because the ado-
lescents from lower social classes are more susceptible to par-
ental smoking. On the other hand, if parents from low SES
are more prone to influence their children’s smoking habits,
the contribution of parent–child transmission to inequalities
might be greater than expected, since adolescents from low
SE backgrounds would be more susceptible to parents’ smok-
ing habits. A greater vulnerability among the worse-off may
occur for at least three reasons: (i) they may receive less infor-
mation from parental and non-parental sources; (ii) low-
educated parents may impose less restrictive norms on their
children’s tobacco use, and adopt less restrictive norms in
regard to their own smoking behaviour, for example smoking
in front of their children; and (iii) they may play a less central
role in friendship ties, having a lower freedom of choice
among friends, and a greater vulnerability to influences. This
study tests whether the association between parent and child
smoking varies by SES.

Methods

Data

We used data from the SILNE survey (Smoking
Inequalities—Learning from Natural Experiments), a self-
administered questionnaire applied in 2013 to students of
adolescents aged 14–17 from two grades of 50 secondary
schools in six European cities: Namur (Belgium), Tampere
(Finland), Hannover (Germany), Latina (Italy), Amersfoort
(Netherlands) and Coimbra (Portugal), n ¼ 11 015. Cities
were selected to be of medium size, be linked to the tertiary
sector and have an average income close to the national aver-
age. Participating schools were selected from the local register

of schools. Schools were stratified into two groups: lower
versus higher SES. This status was attributed on the basis of
the school type (vocational or general schools), or of the
ranking of the school by the educational authorities, or of the
area’s SE characteristics. The sampling size was computed to
estimate a regular smoking proportion difference of 15%
from high SES to 20% from low SES (alpha ¼ 5% and
beta ¼ 20%).

The survey was applied between January and November
2013, and had a participation rate of 79.4%.

Ethical approval from local or national authorities was
requested and obtained in each country. Detailed methods
and ethical information can be found in Lorant et al.17

Questionnaires with a high number of missing variables, i.e.
.20 missing answers, were dropped. Although the target
group was aged 14–17, the classes that we surveyed included
students older than 17 years old, which we opted to remove
from our sample given that they can be considered as adults.
The final sample included 10 526 observations.

Variables

Measures for smoking

The main variable of interest was daily smoking, which was
defined as smoking at least one cigarette a day in the last 30
days.18 This variable results from the positive answer to the
question ‘have you ever tried cigarette smoking, even just a
few puffs?’, jointly with the mention that they smoked more
than one cigarette per day when questioned ‘how many cigar-
ettes have you smoked during the last 30 days ?’. For the
latter, the available options were ‘none’, ‘1–2 cigarettes during
the last 30 days’, ‘1–2 cigarettes per week’, ‘1–5 cigarettes per
day’, ‘6–10 cigarettes per day (about 1/2 a pack total)’, ‘11–
20 cigarettes per day (about 1 pack total)’, ‘21–30 cigarettes
per day’ and ‘more than 30 cigarettes per day’.

Parental smoking status was assessed by the question ‘does
any member of your household smoke cigarettes?’, with
options ‘yes’, ‘no’, and ‘not applicable’ for each potential
member of the household. We created two binary variables
for smoking status of the biological parents that were mem-
bers of the household, namely for maternal smoking and pa-
ternal smoking (yes ¼ 1, no ¼ 0).

Further analyses were performed using alternative smoking
measures (see below). Experimental smoking was defined as
trying cigarette smoking, having smoked only one cigarette,
not having smoked or smoked 1 to 2 cigarettes in the last 30
days or having smoked only a few times (yes ¼ 1, no ¼ 0).18

Smoking in the last 30 days is a variable that equals one when
adolescent smoked at least one cigarette in the last 30 days,
and zero otherwise. Smoking at least weekly was defined as
smoking at least one cigarette per week in the last 30 days
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(yes ¼ 1, no ¼ 0). Nicotine dependence was a continuous
variable based on the Stanford Dependence Index.19 This
index has previously showed good reliability and validity
against smoking intensity, and is therefore able to measure
aspects of nicotine dependence among adolescents.19 – 21 This
variable is created as the sum of scores (0–5) of the questions:
‘when you are in a place where smoking is not allowed, is it
difficult for you not to smoke?’, ‘do you smoke more in the
morning than during the rest of the day?’, ‘do you smoke even
when you are really sick?’, ‘how deeply do you inhale the
smoke?’ and ‘how soon after waking up in the morning do
you smoke your first cigarette?’.

Measures for the SES

Educational level of parents was assessed by the questions
‘what is the highest level of schooling your father/mother
attended?’. As the education levels differed across countries,
we created three categories: high, medium and low. Note that
a category ‘other school leaving certificate’ was available only
for Germany but included a very small number of cases, so it
was not used in the analysis (n ¼ 12 for father and n ¼ 16 for
mother). More information about the education questions
and construction of education variables is provided in
Supplementary data, Appendix A.

The Subjective Social Position (SSP) corresponded to the
10-category answers to the question ‘imagine that this ladder
pictures how country society is made up. Fill in the circle that
best represents where your family would be on this ladder.’
This variable was recoded in country-specific tertiles, given
the low number of cases in some categories.

The Family Affluence Scale (FAS) is a widely used instru-
ment for measuring SE background.22 It gathers information
on four questions: ‘does your family own a car, van or truck?’,
‘do you have your own bedroom?’, ‘how many computers/
laptops/ tablets does your family own?’ and ‘during the past
12 months, how many times did you travel away on holiday
with your family?’. The sum of these items was categorized
into country-specific tertiles.

Other covariates

The variable ‘living without father’ was dichotomous with a
value one if the adolescent lived with her mother and not
with her father, and zero otherwise. The variable ‘living
without mother’ was constructed similarly. The reasons for
the absence of parents in the family are unknown. We also
considered peer smoking, measured by the number of friends
that smoke among the up-to-five best friends nominated by
the respondent. The variable was then transformed into a
binary response that equalled one if the adolescent had one or
more than one best friend who smoked, and zero otherwise.

We finally included a variable for academic achievement, com-
puted as the country-specific tertiles from the question ‘which
of the following best describes your marks during the past
year?’. More information about educational achievement
questions and how variables were constructed are available in
Supplementary data, Appendix B.

Analysis

We used multilevel mixed-effects logistic regression to model
the probability [adjusted odds ratio (AOR)] of the adolescent
to be a daily smoker as a function of parental smoking (mater-
nal and paternal smoking), SES (subjective social status, FAS,
parental education and academic achievement) and family and
social context (live without mother, live without father,
friends’ smoking), adjusting for the age and stratified by sex.
This was the base model. The use of a multilevel (hierarchical)
model is justified by students being grouped/nested in coun-
tries and schools. The students’ clustering must be adjusted
for in the analysis to account for the fact that residuals are po-
tentially correlated within clusters, hence violating the as-
sumption of independence of the observations.23

The effect of SES on the association between parents and
child smoking was tested by studying the interactions between
parental smoking status and the SE variables. The interactions
were introduced separately into the base model. Additionally,
we performed a stratified analysis for the different SE groups.

Sensitivity analysis

We replicated the base model and interactions for different
measures of smoking: experimental smoking, smoking in the
last 30 days, smoking at least weekly and nicotine dependence.
The latter was modelled with ordinary least squares, since it is
a continuous variable, while the others were modelled with lo-
gistic regressions.

All the analyses were conducted with Stata version 13
(StataCorp LP, College Station, TX, USA).

Results

Descriptive statistics are presented in Table 1. Most of the stu-
dents were aged 15–17 years old; 13% of the girls and 15% of
the boys smoked daily; 30% of the students reported that his
or her father smoked; and .20% of students reported that
their mother was a smoker. Figure 1 shows that the prevalence
of parental smoking was significantly higher among low SES
adolescents (P , 0.000); in other terms, if parents’ and chil-
dren’s smoking behaviours are associated, the SE inequalities in
smoking will naturally reproduce across generations.

Table 2 summarizes the results of the multivariate analyses.
There was no evidence of multicollinearity since the
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independent variables were not highly correlated (they were
all lower than or equal to 0.7), and the variance inflation
factor was lower than 10 (1.5).23 Among boys, the likelihood
of smoking was associated with paternal smoking (AOR ¼
1.90, 95% CI ¼ 1.47–2.46), as well as maternal smoking
(AOR ¼ 1.77, 95% CI ¼ 1.35–2.31). As for girls, the likeli-
hood of smoking was also higher when they had a smoking
father (AOR ¼ 1.42, 95% CI ¼ 1.09–1.86) and even greater

when having a smoking mother (AOR ¼ 3.36, 95% CI ¼
2.56–4.40). Boys and girls having more than one smoking
best friend were more likely to smoke (boys: AOR ¼ 4.22,
95% CI ¼ 3.30–5.38; girls: AOR ¼ 4.75, 95% CI ¼ 3.62–
6.24). Among the SE variables, only the academic achieve-
ment had a significant association with smoking; lower grades
increased the risk of smoking (boys: AOR ¼ 2.83, 95% CI ¼
1.67–4.79; girls: AOR ¼ 8.66, 95% CI ¼ 4.28–17.51, for
worst academic achievement compared with best).

The results for the logistic regressions with interactions
between paternal smoking and SE variables are presented in
Table 3. For boys, most of the odds of smoking when having
a smoking parent were higher in lower SE classes, but did not
reach statistical significance. For girls, the interactions were
also not significant. For girls, the AORs for most interactions
were below one in lower SE categories, meaning that the asso-
ciation between parental smoking and adolescent smoking
was weaker in low SES adolescents.

Supplementary data, Appendix C presents the AORs for
daily smoking stratified by SE variables for boys and girls,
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Table 1 Descriptive statistics of the sample

Variables Girls, n (%) Boys, n (%)

Total population 5496 (52) 4987 (48)

Age

,15 years 1480 (27) 1211 (24)

15–17 years 4007 (73) 3757 (75)

Smoking

Daily smoker 725 (13) 747 (15)

Parental smoking

Paternal smoking 1443 (30) 1326 (30)

Maternal smoking 1177 (24) 1032 (23)

Family and peer context

Live without father 1234 (23) 969 (20)

Live without mother 193 (4) 204 (4)

Friends smoke 2055 (37) 1950 (39)

City

Coimbra (PT) 886 (16) 859 (17)

Amersfoort (NL) 951 (17) 930 (19)

Latina (IT) 1218 (22) 817 (16)

Hannover (DE) 709 (13) 699 (14)

Tampere (FI) 739 (13) 744 (15)

Namur (BE) 993 (18) 938 (19)

Academic achievement

Low 2932 (54) 3153 (65)

Medium 1499 (28) 1066 (22)

High 990 (18) 640 (13)

Subjective social position

Low 2438 (45) 2046 (42)

Medium 1855 (35) 1753 (36)

High 1080 (20) 1066 (22)

Family Affluence Scale

Low 2853 (52) 2497 (50)

Medium 1664 (30) 1558 (31)

High 979 (18) 932 (19)

Parental education

Father—low 1160 (26) 1007 (25)

Father—medium 1747 (39) 1572 (39)

Father—high 1582 (35) 1484 (37)

Mother—low 1000 (21) 814 (20)

Mother—medium 1944 (41) 1754 (43)

Mother—high 1763 (37) 1549 (38)
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respectively. In all strata, the likelihood of smoking was higher
when the father and mother were smokers. The stratified ana-
lysis confirmed the absence of noteworthy differences
between SES strata in the likelihood of smoking daily when
parents smoke, for either boys or girls. In line with the inter-
action analyses, the 95% confidence intervals for estimates
for different SE strata were overlapping with each other.

Results for other measures are presented in Supplementary
data, Appendix D. Smoking experimentation was not related
with parental smoking. Contrarily, the other three measures,
smoking in the last 30 days, smoking at least weekly and nico-
tine dependence, were related with parental smoking. None of
the interactions of parental smoking with SE variables were

significant for smoking experimentation, smoking in the last
30 days or smoking at least weekly. For nicotine dependence,
the interactions were similarly not significant among girls and
were significant for only three SE variables for boys. To sum-
marize, the interactions were significant in only 3 out of 48
comparisons, confirming earlier results.

Discussion

Main finding of this study

This study confirmed that adolescents are more likely to smoke
when their father and mother smoke. Because the prevalence
of parental smoking is greater among the worse-off, the associ-
ation between parents’ and children’s smoking behaviours con-
tributes to SE inequalities in adolescent smoking: parental
smoking renders SE inequalities sticky across generations. The
association between parental smoking and adolescent smoking
was approximately similar between SE groups.

Empirical results did not confirm our initial intuition of a
greater sensitivity to parental smoking among the worse-off. We
had suggested that this greater vulnerability might be related to a
lower access to information, in particular from the parents, less
restrictive norms at home, and more permeability to influences
at school. Our findings possibly indicate that the role model is
the most important factor of the parent–children smoking asso-
ciation, regardless of the norms or the information that the
parents may transmit to their children about smoking. This in-
terpretation is supported by a study demonstrating that the
crucial issue is the parents’ behaviours in front of their children,
and not what they may tell or impose upon them.24

What is already known on this topic

Our study showed an increased likelihood of adolescent daily
smoking when parents smoke. This consistent relationship
implies that the smoking behaviour is transmitted across gen-
erations, confirming earlier studies, some of which have longi-
tudinal designs.4 – 13,25 The association with maternal smoking
was stronger for girls, while the association with paternal
smoking was greater for boys. This finding is consistent with
those of other studies, and it could reflect an effect of suscep-
tibility to role models presented by same-sex parents.14 This
stronger relationship between daughter and mother could
also be a result of specific messages or social pressures trans-
mitted between female family members regarding traditional
norms/roles played in the society.26

What this study adds

This study provided new evidence about the effect of parental
smoking on adolescents’ smoking behaviours. Our results did
not confirm that the worse-off adolescents might be more

Table 2 Multivariate multilevel mixed-effects logistic regression for the

association between daily smoking and SE variables, stratified by sex

Daily smoking Boys Girls

AOR [95% CI] AOR [95% CI]

Age

,15 years; reference 1 1

15–17 years 2.51 [1.75; 3.60] 2.19 [1.52; 3.15]

Parental smoking

Paternal smoking 1.90 [1.47; 2.46] 1.42 [1.09; 1.86]

Maternal smoking 1.77 [1.35; 2.31] 3.36 [2.56; 4.40]

Family and peer context

Live without father 1.67 [1.25; 2.23] 1.43 [1.05; 1.95]

Live without mother 1.72 [0.98; 3.00] 2.13 [1.16; 3.93]

Friends smoke 4.22 [3.30; 5.38] 4.75 [3.62; 6.24]

Academic achievement

Low 2.83 [1.67; 4.79] 8.66 [4.28; 17.51]

Medium 1.35 [0.76; 2.41] 4.21 [2.02; 8.75]

High; reference 1 1

Subjective social position

Low 0.95 [0.69; 1.32] 1.09 [0.76; 1.56]

Medium 0.83 [0.61; 1.13] 1.04 [0.73; 1.47]

High; reference 1 1

Family Affluence Scale

Low 0.77 [0.56; 1.06] 0.72 [0.50; 1.04]

Medium 0.81 [0.59; 1.13] 0.92 [0.64; 1.32]

High; reference 1 1

Parental education

Father—low 0.86 [0.59; 1.23] 1.03 [0.69; 1.54]

Father—medium 0.76 [0.56; 1.04] 0.90 [0.63; 1.29]

Father—high 1 1

Mother—low 1.15 [0.78; 1.69] 1.03 [0.68; 1.55]

Mother—medium 1.44 [1.07; 1.94] 1.10 [0.79; 1.55]

Mother—high 1 1

Intercept: general 0.01 [0.01; 0.02] 0.00 [0.00; 0.01]

Intercept: city 0.21 [0.08; 0.57] 0.33 [0.12; 0.88]

Intercept: school 0.22 [0.10; 0.48] 0.57 [0.38; 0.85]

ASSOCIATION BETWEEN PARENTAL AND ADOLESCENT SMOKING 5
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susceptible to parental smoking. Consequently, non-parental
influences—related to peers and schools—are indispensable to
fully understand SE inequalities and their recent growth.
However, there is a remarkably constant impact of parental in-
fluence across social classes. The strong association between
parental and adolescent smoking behaviour was observed
across different analyses, controlling for different variables, and
among different SE groups. The social differences in parental
smoking contributes to the intergenerational transmission of
SE inequalities in smoking. This result emphasizes that polices
aimed at preventing adolescent smoking may be complemented
with parental smoking cessation. By focusing on parents, pol-
icies thus have the potential to decrease not only adolescents’
smoking but also its social patterning. As stated elsewhere,27

parents may be also involved in intervention efforts to change
adolescents’ perceptions of parental behaviour.

Limitations of this study

This study may suffer from some limitations. First, self-reports
of adolescent smoking status were not validated by biochemical
measures. However, some authors show that the accuracy of
self-reported smoking is satisfactory in school-based question-
naires and in self-administered questionnaires.28 Accuracy is
also higher when respondents are assured, as in our case, of the
privacy and confidentiality.17,28 A second limitation is related
with parental smoking being reported by the students.
However, young adult reports of parental smoking are highly
reliable.29 Also, this study is a cross-sectional analysis, so that
we cannot make inferences about causality and transmission of
behaviours. Nonetheless, there is little doubt regarding the dir-
ection of causality; i.e. parents’ behaviours are antecedents of
children’s attitudes. We have no information regarding parents
who stopped smoking. However, the 15- to 18-year-old age

Table 3 Multivariate multilevel mixed-effects logistic regression for daily smoking, including interactions between parental smoking and SE variables.

Paternal smoking, AOR [95% CI] Maternal smoking, AOR [95% CI]

SES ¼ SSP SES ¼ FAS SES ¼ paternal education SES ¼ SSP SES ¼ FAS SES ¼ maternal education

Boys

Main effects

Parental smoking

Paternal smoking 1.99 [1.20; 3.29] 2.53 [1.46; 4.38] 1.69 [1.05; 2.70] 1.92 [1.48; 2.48] 1.90 [1.47; 2.46] 1.90 [1.47; 2.46]

Maternal smoking 1.77 [1.35; 2.31] 1.76 [1.35; 2.30] 1.76 [1.35; 2.31] 1.25 [0.73; 2.15] 1.55 [0.88; 2.74] 1.29 [0.77; 2.15]

SES

Low 0.92 [0.62; 1.38] 0.82 [0.55; 1.21] 0.81 [0.52; 1.25] 0.79 [0.55; 1.15] 0.76 [0.53; 1.10] 0.93 [0.60; 1.46]

Medium 0.89 [0.61; 1.31] 0.98 [0.66; 1.45] 0.73 [0.50; 1.05] 0.78 [0.55; 1.12] 0.74 [0.51; 1.09] 1.34 [0.96; 1.88]

High; reference 1 1 1 1 1 1

Parental smoking � SES interaction

Low 1.06 [0.58; 1.95] 0.79 [0.42; 1.49] 1.19 [0.64; 2.22] 1.83 [0.96; 3.49] 1.07 [0.55; 2.05] 1.99 [0.97; 4.11]

Medium 0.82 [0.44; 1.53] 0.58 [0.29; 1.15] 1.17 [0.65; 2.09] 1.26 [0.64; 2.47] 1.40 [0.68; 2.89] 1.36 [0.74; 2.49]

High; reference 1.00 1.00 1.00 1.00 1.00 1.00

Girls

Main effects

Parental smoking

Paternal smoking 1.62 [0.90; 2.91] 1.55 [0.84; 2.84] 1.62 [0.91; 2.87] 1.42 [1.09; 1.86] 1.41 [1.08; 1.85] 1.42 [1.09; 1.86]

Maternal smoking 3.35 [2.56; 4.39] 3.37 [2.57; 4.41] 3.36 [2.56; 4.40] 3.38 [1.91; 6.01] 3.17 [1.75; 5.75] 4.32 [2.60; 7.18]

SES

Low 1.18 [0.76; 1.84] 0.74 [0.47; 1.15] 1.06 [0.66; 1.71] 1.11 [0.72; 1.73] 0.74 [0.48; 1.15] 1.17 [0.71; 1.93]

Medium 1.06 [0.69; 1.65] 0.96 [0.62; 1.49] 0.96 [0.63; 1.47] 1.02 [0.66; 1.58] 0.83 [0.54; 1.30] 1.24 [0.83; 1.86]

High; reference 1 1 1 1 1 1

Parental smoking � SES interaction

Low 0.81 [0.41; 1.59] 0.92 [0.46; 1.85] 0.88 [0.44; 1.78] 0.95 [0.49; 1.87] 0.95 [0.48; 1.89] 0.70 [0.35; 1.42]

Medium 0.92 [0.45; 1.89] 0.87 [0.41; 1.86] 0.82 [0.42; 1.63] 1.05 [0.51; 2.14] 1.33 [0.63; 2.81] 0.72 [0.39; 1.33]

High; reference 1.00 1.00 1.00 1.00 1.00 1.00

All regressions included as confounder the age, family context, peers’ smoking behaviour and academic achievement. The adjusted odds ratios for these

variables were not included to ease the reading.
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group is critical for the smoking decision.30 The observation of
parental smoking may be more important now than in the past.
Finally, all variables in the paper referred to external factors
for smoking, such as parental influences and SE conditions.
These factors are very likely to affect the smoking behaviour
through internal mechanisms, such as the capacity to cope with
stress, the hopes and expectations, and self-esteem and trust.
Unfortunately, our survey did not include these psychosocial
factors, which would help explain the precise mechanisms
linking external influences to smoking behaviours. Our clear-
cut findings clearly indicate that further research should be
developed in that direction.

Supplementary data

Supplementary data are available at PUBMED online.
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