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The emergence of socioeconomic inequalities ==
in smoking during adolescence and early
adulthood
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Abstract

Background While it is known that educational inequalities in smoking start during early and middle adolescence,
it is unknown how they further develop until adulthood. The aim of this article is to map, in the Portuguese context,
how educational inequalities in smoking emerge from pre-adolescence until young adulthood.

Methods This study used longitudinal data from the EPITeen Cohort, which recruited adolescents enrolled in
schools in Porto, Portugal. We included the 1,038 participants followed at ages 13 (2003/2004), 17, 21, and 24 years.
We computed the odds ratio (OR) for the prevalence of smoking states (never smoking, experimenter, less-than-daily,
daily and former smoker) and the incidence of transitions between these states, as function of age and education,
stratified by sex. We also added interaction terms between age and education.

Results Educational inequalities in daily smoking prevalence, with higher prevalence among those with lower
educational level, emerged at 17 years old and persisted until higher ages. They were formed in a cumulative way by
the increased risk of experimenting between 13 and 17 years, and increased risk of becoming daily smoker between
17 and 21 years. The incidence of smoking cessation was higher among the higher educated. Inequalities were
formed similarly for women and men, but with lower level and showed no significance among women.

Conclusions These results highlight that actions to prevent smoking should also take in account the potential
impact in smoking inequalities, and should focus not only on middle adolescence but also on late adolescence and
early adulthood.
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Introduction

Despite the notable progress in tobacco control, smoking
is still an important issue worldwide. Although smok-
ing rates fell 15% globally, from 2007 to 2017, currently,
1.1 billion people smoke, and at least 40% have already
attempted to quit [1]. However, the use of tobacco is not
uniformly distributed across the population strata.

Socioeconomic inequalities in smoking are often
described, with most studies reporting a strong associa-
tion between education and smoking [2]. Less educated
men are more likely to smoke in most countries world-
wide, while this gradient is less marked among women [3,
4]. The educational differences have generally been wid-
ening in recent decades, mainly due to a larger decline in
smoking prevalence among the higher educated [5]. Even
now, educational inequalities in smoking contribute sub-
stantially to inequalities in mortality [6].

Smoking usually starts before the age of 18, with 15%
of smokers starting before 15 years old [7]. Educational
differences in smoking are already observed among ado-
lescents, although with differences across considered
birth cohorts, sexes, and countries [8]. Smoking is more
common among early adolescents (ages 10—14) and late
adolescents (ages 15—21) whose parents have lower edu-
cational levels [9], and especially among adolescents with
lower personal educational levels [10, 11]. Gradients have
been found to persist until early adulthood (21-24 years
old), with higher prevalence of ever-smoking among the
lower educated compared to the higher educated [12].

Although educational inequalities in smoking are found
to appear during adolescence, there is still uncertainty
regarding the specific ages at which most of these educa-
tional inequalities emerge. A precise identification of the
most important ages and corresponding smoking transi-
tions is important for targeting interventions addressing
those inequalities. For example, interventions focused
exclusively on secondary schools might miss opportuni-
ties if most of inequalities in smoking are formed at about
17 years or older.

Two studies have described the emergence of educa-
tional inequalities across adolescence and early adult-
hood. One of them, a 10-year longitudinal study in the
United States, found evidence that inequalities begin in
early adolescence, around 12-14 years old, and widen
thereafter [13]. A study among adolescents born in 1970
in Britain found relatively stable inequalities between 16
and 26 years old. These inequalities emerged from per-
sistent inequalities in smoking initiation up to 26 years
old, while there were no inequalities in smoking cessation
until that age [14]. Beyond those two longitudinal stud-
ies, other have investigated the emergence of educational
inequalities using retrospective questions about smok-
ing initiation and/or cessation. Those studies suggested
that educational differences in smoking emerged during
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adolescence and widened until early adulthood [8, 15].
Recall bias might be a problem in these studies, since the
participants may not remember accurately the timing of
events. Longitudinal studies limit the risk of recall bias by
instead presenting the questions at the time participants
join the study.

The aim of this study is to add to the existing body
of literature, using a longitudinal study that allows an
accurate assessment of how educational inequalities in
smoking evolve from early adolescence until young adult-
hood. This is of crucial importance since they would be
a marker of cumulative socioeconomic disadvantage in
health later in live. Given the usual differences on smok-
ing patterns between men and women in Portugal, the
analysis is stratified by sex.

Materials and methods

Study design and population

This study uses a sample comprising adolescents from
the Epidemiological Health Investigation of Teenagers
in Porto, Portugal (EPITeen). The study’s methods are
already described elsewhere [16] and summarized here.
The information was obtained through self-administered
questionnaires. The participants were followed across
four waves: 2003/2004, 2007/2008, 2011/2013, and
2014/2015; being on average 13 years old, 17 years old,
21 years old, and 24 years old, at the respective waves. In
the first wave, all adolescents born in 1990 and enrolled
in public and private schools in Porto were invited to
participate (2,786). Of those, 2,159 agreed to participate
(77.5%). In the second wave, 1,716 participants (79.5%)
were re-evaluated, and a further 783 adolescents were
newly included into the cohort as they moved to the
schools of Porto. In the third and fourth study waves,
1,764 and 1,094 participants were re-evaluated, respec-
tively. We considered only those who had participated in
at least three of the four waves, including the last wave.
The final sample was composed of 1,038 individuals. The
attrition rate in this study was 39%.

The EPITeen Cohort was approved by the Portuguese
Commission for Data Protection, and the Ethics Com-
mittees of Hospital S. Jodo and of Instituto de Saude
Pablica da Universidade do Porto (ISPUP). Written
informed consent was obtained from parents and adoles-
cents in the first and second waves, and from participants
in the remaining waves. The study met the guidelines for
protection of human subjects concerning their safety and
privacy.

Measures

For each wave, we computed smoking prevalence rates.
Respondents were classified as never smokers (never
experienced cigarette smoking until that wave), ever
experimenters (have experimented with smoking at some
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point, but have not smoked regularly until that wave),
less-than-daily smokers (smoked cigarettes at the time
of that wave, but less-than-daily), daily smokers (smoked
cigarettes daily at the time of that wave), and former
smokers (reported smoking daily or less-than-daily in
the past wave, but no longer smoked at the time of that
wave).

Incidence rates were calculated based on the transition
in smoking states between the waves. For each wave we
used the data to measure the incidence rates of experi-
menting (number of new experimenters in that wave as
a proportion of the non-smokers in the previous wave),
less-than-daily smoking (number of new less-than-daily
smokers in the wave as proportion of those who did not
smoke, experimented smoking, smoked daily, or had quit
smoking in the previous wave), daily smoking (number
of new daily smokers in the wave among those who do
not smoke, experimented smoke, smoked less-than-daily,
or had quit smoking in the previous wave), and former
smoking (number of new former smokers in the wave
amongst those who smoked daily or less-than-daily in
the previous wave). As a result, events between the waves
were not considered.

For the participants with no information about smok-
ing status in one of the three first waves, we re-con-
structed the tobacco history using the age of smoking
initiation as reported in the next wave, by taking in con-
sideration both the age of smoking initiation and the
smoking status reported in the following waves (more
detail in appendix 2). We performed a sensitivity analy-
sis in which we repeated the estimations for original
variables without the information given by the age of
smoking initiation. There were no noteworthy changes
in the results, except that 95% confidence intervals were
wider (appendix 3).

We measured acquired education in young adulthood
based on the completed level of education of the par-
ticipant in the last wave. We distinguished between high
education (university degree or tertiary education) and
low education (otherwise). We considered the highest
degree completed for those participants who were still
enrolled in school at the time of the last wave(34.8%).

Statistical analysis
We modelled whether the smoking behaviour was associ-
ated with educational attainment, in two steps.

We computed the prevalence and incidence of smok-
ing, using generalized estimating equation (GEE) models
with a binomial distribution and an identity link, with
fixed effects for survey year, and interaction terms for
age with education. We stratified the analysis by sex. This
method was chosen since we were modelling longitudi-
nal binary outcome variables for never smoker, experi-
menter, smoke less-than-daily, smoke daily, and former
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smoker (yes=1 and no=1). GEE is a method designed
to model longitudinal data across time within the same
individual, and it is usually used with non-normal data,
such as binary data. It allowed us to make inferences
about the population, accounting for the within-subject
correlation. To fit a model, we must specify both the fam-
ily and the link function [17]. We used this method to
graph the evolution of the marginal effects for prevalence
and incidence rates.

We also computed the prevalence and incidence of
smoking, as function of education and age, stratified by
sex, using GEE assuming a binomial distribution and a
logit link. This method allowed us to compute the odds
ratio for longitudinal binary response data [17]. We
repeated this procedure, adding interactions for age with
education.

All analyses were conducted in Stata version 13.0, using
xtgee command.

Results

The number of participants was 1,038, 49.3% of which
were men. Most respondents were never smokers at
13 years old: 81.3% among boys and 75.1% among girls
(Table 1). This prevalence fell to 19.5% and 29.7% among
24-year-old men and women, respectively. From the
13 years old to the 24 years old, the percentage of daily
smokers increased from 0.2 to 32.6% among men, and
from 1.0 to 20.5% amongst women. The incidence of
experimentation increased between 13 and 21 years old,
from 17.2 to 35.5% among men, and from 23.0 to 28.8%
among women. The incidence of daily smoking increased
greatly between 17 and 21 years old, reaching 22.5%
amongst men and 17.3% among women.

Figure 1 presents the prevalence and incidence of
smoking among men. Inequalities in the prevalence of
never smoking were present at all ages. There was an
increased risk of experimenting between 13 and 17 years
old among the lower educated. Regarding daily smoking,
inequalities emerged at 17 years old and persisted.

Among women (Fig. 2), inequalities in the prevalence
of never smoking were present at all ages. Inequalities
in daily smoking prevalence emerged at 17 years old and
persisted. The lower educated were more likely to experi-
ment until 17 years old and to be daily smokers at all ages
after 17 years old.

Estimates based on regression analyses are presented
in Table 2 (prevalence) and Table 3 (incidence). Regard-
ing prevalence, higher educated men were more likely to
be never smokers at all ages (Odds Ratio (OR) was 1.63
[1.19; 2.24]); the differences were greatest at 17 years old
(OR for the interaction age/education was 1.52 [1.00;
2.30]) (Table 2). The inequalities in daily smoking prev-
alence existed at all ages among men (OR=0.62 [0.46;
0.82], being more noticeable at 17 years old (OR for the
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Table 1 Prevalence and incidence of smoking per 100 persons,
per age (EPITeen Cohort, 2003, 2007, 2011, and 2014)

Prevalence 13 17 21 24
years years years years
old old old old

Men

Never smoker 813 539 234 195
Experimenter 172 334 369 338
Smoke less-than-daily 14 6.1 113 70
Smoke daily 0.2 6.3 272 326
Former smoker 0.0 04 1.2 7.0

Women

Never smoker 75.1 548 325 297
Experimenter 230 329 36.1 36.3
Smoke less-than-daily 1.0 44 76 53
Smoke daily 1.0 7.8 224 20.5
Former smoker 0.0 0.2 1.3 8.2

Incidence <13 13- 17- 21-
years 17 21 24
old years years years

old old old

Men

Experimenter (! 172 262 355 133
Less-than-daily smoker @ 14 59 102 44
Daily smoker ) 02 61 225 110
Former smoker 0.0 250 79 15.7

Women

Experimenter 230 223 288 76
Less-than-daily smoker @ 1.0 38 6.6 33
Daily smoker ) 10 71 173 42
Former smoker 0.0 100 109 228

Legend: (1) Number of experimenters among the never smokers in the previous
wave. (2) Number of less-than-daily smokers among the non-less-than-daily
smokers in the previous wave. (3) Number of daily smokers among the non-
daily smokers in the previous wave. (4) Number of former smokers among those
who smoke in the previous wave

interaction with 17 years and education was 0.42 [0.21;
0.85]). Among women, the higher educated were more
likely to be never smokers at all ages (OR=1.63 [1.19;
2.24]), and the differences were greatest at 17 years old
(OR for the interaction was 1.48 [1.02; 2.14]). The higher
educated women were less likely to experiment at 17
years old (OR for the interaction was 0.60 [0.38; 0.95].
Higher educated women were less likely to be daily
smokers at all ages (OR=0.49 [0.35; 0.69]).

The incidence of daily smoking (Table 3) was higher
among low educated men at all ages (OR=0.68 [0.49;
0.93]); and the differences were higher for 13-17 years
old (OR for the interaction was 0.22 [0.08; 0.64]). Among
women, the differences in smoking incidence according
to education were not significant.

Discussion

Key results

This article sought to map how educational inequali-
ties in smoking evolve from pre-adolescence until young
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adulthood, using a Portuguese longitudinal study. We
found that inequalities in daily smoking prevalence
emerged at 17 years old and persisted until higher ages.
They were formed in a cumulative way by the increased
risk of experimenting between 13 and 17 years, and
increased risk of becoming daily smoker between 17 and
21 years. Inequalities were formed along similar pathways
for women and men, but with lower level and showed no
significance among women.

Potential limitations

The use of a longitudinal study design allows us to
observe the trends of inequalities from adolescence into
early adulthood. However, some potential problems
should be considered. First, this design is subject to attri-
tion over time (with a 39% attrition rate), which might
result in a selective study population.

Second, the percentage of persons that had at least
one missing answer about smoking in at least one sur-
vey was 38% (either because they refused to answer or
because they were not included in that specific wave).
We aimed to overcome this problem by using the age of
smoking initiation and the age of trying the first cigarette
indicated in the next wave, in order to create a smoking
history for participants lacking one response in the first
three surveys. The sensitivity analyses (not shown for the
sake of brevity) allow us to conclude that the strategy did
not significantly affect the results.

Third, around 35% of the participants were still enrolled
in education at the time of the last questionnaire (24
years old), and were classified according to the highest
completed education instead of the currently attended
education. This potential misclassification might result
in an underestimation of the differences in smoking
between the participants with high versus low education.

Interpretation of results
We may question how smoking in adolescence is linked
to education achieved in young adulthood. A possible
explanation is unobserved heterogeneity, which means
that there are some underlying causes affecting simulta-
neously the early smoking behaviour and the pathways to
educational attainment. For example, people with greater
future orientation may be more willing to invest in edu-
cation and might be more inclined to protect themselves
from the health hazards of smoking [18]. Another exam-
ple is educational and societal aspirations, since they will
influence future academic achievement and have been
previously associated with smoking in adolescence and
adulthood [19]. Also, cognitive functioning influences
how information is perceived, while potentially interfer-
ing with the perception of smoking hazards [18].

We found a higher incidence of experimenta-
tion between 13 and 17 years old by those with lower



Alves et al. BMC Public Health (2023) 23:1382

Prevalence

High education

Low education

Never smoker
4

13 17 21 24

Experimenter
4
1

13 17 21 24

Less-than-daily smoker
4
]

13 17 21 24

Daily smoker
4
]

13 17 21 24

Former smoker
4
|

- ——

T T T T
13 17 21 24

Page 5 of 9

Incidence

Experimenter
4
1

<13 13-17 1721 21-24

Less-than-daily smoker
4
1

<13 13-17 17-21 21-24
o |
3 e
X
o
€« ]
wv
>
T~
3~
o
T T T T
<13 13-17 17-21 21-24

Former smoker
4
1

N
o - i

T T T T
<13 1317 1721 21-24

Fig. 1 Trends in the prevalence and incidence of smoking among men by education level (EPITeen cohort 2003, 2007, 2011, and 2014)
Legend: Marginal effects for each age given the education category, from the generalized estimation equation

education. This association might have different expla-
nations. For example, adolescents with negative school
experiences might be more prone to relate themselves
with deviant groups that are more likely to smoke [20]

and they may initiate smoking in order to cope with
higher school pressure and demands [21]. In addition,
restrictions on sales to minors might be more weakly
enforced in the poorest communities. Weak enforcement



Alves et al. BMC Public Health (2023) 23:1382 Page 6 of 9

Prevalence Incidence

.8
1

High education

6
1

2
|

Low education

Never smoked
4
|

0
1

8
1
8
1

.6
1

Experimenter
2 4
L1
Esperimenter
2 4
L1

o - o -
T T T T T T T T
13 17 21 24 <13 13-17 17-21 21-24
) 0]
il kil
1S IS
wco_ w(O_
> >
© ©
'?"'— -?v_
G S
EIN.— £I<\4_
a F=3§——3 A —
o - o -
Q ]
- T T T T - T T T T
13 17 21 24 <13 13-17 17-21 21-24
0 0
S S
Lo R
o o
g"’— gv_
> >
T N T N
[m] [a]
o — o —
T T T T T T T T
13 17 21 24 13 yo 17 yo 21yo 24 yo
0 0
o o
Q )
S @ S @
1S IS
2~ N
0] )
£ € o 1
S) o)
e w
. / o
T T T T T T T T
13 17 21 24 <13 13-17 17-21 21-24

Fig. 2 Trends in the prevalence and incidence of smoking among women by education level (EPITeen cohort 2003, 2007, 2011, and 2014)
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Table 3 Odds ratio for the smoking incidence from the GEE, with family binomial and logit link (EPITeen cohort, 2003, 2007, 2011,

2014)
Model 1 Model 2
Higher Higher educ.x  Higher educ.x Higher educ.x21 Higher Test
education' 13yearsold® 17 years old @ yearsold®  educ.x  forin-
24 years terac-
old@ tion
Men
Experimenter 0.80 [061;1.04] 0.85 [0.26,2.75] 0.53 [0.17;1.73] 122 [0.36;4.06] 1.00 012
Less-than-daily 134 [089201] 0.6 [0021.07] 059 [0.17,206] 087 [027,279] 1.00 0.23
Daily smoker 068 [0.49,0.93] NE 0.22 [0.08,0.64] 054 [0.24;1.21] 1.00 0.02
Former smoker 1.86 [0.89;3.87] NE NE 1.17  [0.16;8.72] 1.00 0.88
Women
Experimenter 081 [0.61;1.08] 1.13 [0.30/4.18] 0.74 [020282] 277 [067,1140] 1.00 0.03
Less-than-daily 131 [0.752.27] NE 0.59 [0.142.54] 145 [0346.17]  1.00 0.39
Daily smoker 036 [0.76;1.18]  0.58 [0.07;4.57] 0.33 [0.10;1.16] 059  [0.19;1.90] 1.00 033
Former smoker 1.18 [0.58;2.42] NE NE 0.37 [0.06;2.10] 1.00 0.26

Legend: Model 1=0dds ratio for GEE for smoking variables adjusting for ages and education level. Model 2=Model 1 adding the interactions for age with education.
NE=Could not be estimated due to small number of population at risk. (V the reference category is lower education. ¥ Reference category. 95% confidence intervals

in square brackets

Table 2 Odds ratio for the smoking prevalence from the GEE, with family binomial and logit link, and stratified by sex (EPITeen cohort,

2003, 2007, 2011, 2014)

Model 1 Model 2
Higher Higher educ.x  Highereduc.x  Higher educ. x Higher  Test
education’ 13yearsold® 17yearsold® 21yearsold®  educ.x forin-
24 years terac-
old?  tion
Men
Never smoker 163 [1.19224] 102 [065161] 152 [1.00230] 1.04 [067;1.62] 1.00 0.12
Experimenter 090 [0.70;1.16] 0.83 [0.49;1.38] 066 [042;1.03] 1.07 [068167] 1.00 0.15
Less-than-daily 137 [091;2.05] 0.17 [0.03;0.97] 059 [022;,159] 084 [0.34,206] 1.00 0.20
Daily smoker 062 [046,0.82] NE 042 [0.21;,085] 0.88 [0.59;1.30] 1.00 0.06
Former smoker 1.19  [0.59;2.36] NE NE 063 [0.14;290] 1.00 0.55
Women
Never smoker 154 [1.09,2.18] 092 [0.62;1.36] 148 [1.02;2.14] 099 [0.68;1.45] 1.00 0.05
Experimenter 1.00 [0.74;1.34] 0.64 [0.40;1.04] 0.60 [038,095] 1.08 [0.68;1.71] 1.00 0.03
Less-than-daily 142 [0.79,2.57] NE 061 [0.19;,1.94] 132 [043;402] 1.00 0.39
Daily smoker 049 [0.35,0.69] 0.99 [0.18,5.45] 057 [030;1.10] 084 [0.50;1.39] 1.00 040
Former smoker 0.75 [0.39;147] NE NE 0.36  [0.09;1.50] 1.00 0.16

Legend: Model 1=0dds ratio for GEE for smoking variables adjusting for ages and education level. Model 2=Model 1 adding the interactions for age with education.
NE=Could not be estimated due to small number of population at risk. (! the reference category is lower education. ¥ Reference category. 95% confidence intervals

in square brackets

of sales-related policies in Portugal facilitate adolescents’
access to cigarettes and increased visibility of smoking
[22].

The results also showed that young adults with lower
academic achievement were more likely to become daily
smokers, compared to the ones with higher academic
achievement. This might be explained by the fact that the
young adults starting a job have their own money, also
they are more exposed to smoking co-workers, or their
peers, which make them more likely to reinforce their
smoking habits [23]. Another explanation is that those
attaining highest education levels are more likely tend to

quit after experimenting, and avoid becoming addicted
[15].

The inequalities in smoking incidence emerged before
the age of 18 among men, while among women, the
inequalities in smoking emerged and widened across all
age ranges, although not significantly. Our results suggest
that relevant transitions to adulthood may differ across
sex, for example due to cultural norms regarding smok-
ing. In addition, this difference could also reflect that
Portuguese women are at an earlier stage of the smok-
ing epidemic, with more marked initiation among low
educated women across all ages [24]. It is important to
reinforce that the lack of statistical significance in women
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is not due to a lack of power, since the prevalence of
tobacco use is similar in men and women over the waves.

Previous studies have showed that socioeconomic
inequalities in adolescent smoking are associated to fam-
ily background and indicators of their perceived fam-
ily socioeconomic status [25]. Additionally, evidence
suggests that the transmission of smoking behaviour
between parents and their children is likely to be con-
sistent across social strata, but parental smoking habits
are usually socioeconomically patterned [26]. Therefore,
parental smoking influence could potentially contrib-
ute to the perpetuation of socioeconomic disparities in
smoking. While our objective was not to explore the role
of parental smoking and socioeconomic status in their
children’s smoking, we acknowledge that these factors
may be significant contributors to smoking inequalities
among offspring, and future studies could investigate
their role.

Conclusions

Inequalities in smoking were formed in a cumulative way,
from adolescence to early adulthood, by the increased
risk of experimenting between 13 and 17 years, and
increased risk of becoming daily smoker between 17
and 21 years, among those with lower educational lev-
els. These results highlight that the initiatives to prevent
smoking should also take in account the potential impact
in smoking inequalities, and should focus not only on
middle adolescence but also on late adolescence and
early adulthood. Also, given that most research to date
has been focussed on early and middle adolescence, our
results stress the need for additional research on inequal-
ities in smoking initiation in late adolescence and early
adulthood. Declarations.
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