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Abstract
Background Social inequality in smoking remains an important public health issue. Upper secondary schools 
offering vocational education and training (VET) comprise more students from lower socioeconomic backgrounds 
and have higher smoking prevalence than general high schools. This study examined the effects of a school-based 
multi-component intervention on students’ smoking.

Methods A cluster randomized controlled trial. Eligible participants were schools offering VET basic courses or 
preparatory basic education in Denmark, and their students. Schools were stratified by subject area and eight 
schools were randomly allocated to intervention (1,160 invited students; 844 analyzed) and six schools to control 
(1,093 invited students; 815 analyzed). The intervention program comprised smoke-free school hours, class-based 
activities, and access to smoking cessation support. The control group was encouraged to continue with normal 
practice. Primary outcomes were daily cigarette consumption and daily smoking status at student level. Secondary 
outcomes were determinants expected to impact smoking behavior. Outcomes were assessed in students at five-
month follow-up. Analyses were by intention-to-treat and per protocol (i.e., whether the intervention was delivered as 
intended), adjusted for covariates measured at baseline. Moreover, subgroup analyses defined by school type, gender, 
age, and smoking status at baseline were performed. Multilevel regression models were used to account for the 
cluster design. Missing data were imputed using multiple imputations. Participants and the research team were not 
blinded to allocation.

Results Intention-to-treat analyses showed no intervention effect on daily cigarette consumption and daily smoking. 
Pre-planned subgroup analyses showed statistically significant reduction in daily smoking among girls compared with 
their counterparts in the control group (OR = 0.39, 95% CI: 0.16, 0.98). Per-protocol analysis suggested that schools 
with full intervention had higher benefits compared with the control group (daily smoking: OR = 0.44, 95% CI: 0.19, 
1.02), while no marked differences were seen among schools with partial intervention.
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Background
Despite well-documented detrimental health hazards of 
cigarette smoking, along with decades of efforts to reduce 
the prevalence and uptake of smoking globally, smok-
ing continues to be an important public health issue [1]. 
While smoking rates have declined over the last decades 
[2, 3], the social disparities in smoking have remained 
rather stable. Some research even suggests increasing 
socioeconomic differences in smoking [4–6], i.e., indi-
viduals with lower socioeconomic status (SES) are more 
susceptible to initiate and maintain smoking habits [7, 8]. 
Consequently, focusing on individuals with lower SES is 
especially relevant in smoking reducing and preventive 
initiatives.

At the upper-secondary school level, some school types 
comprise a high proportion of students with low SES. In 
Denmark, young people who have finished compulsory 
education can choose between high school or vocational 
education and training (VET). Meanwhile, preparatory 
basic education (PBE) is offered to youth below 25 years 
who have completed compulsory school and need profes-
sional or personal upgrading to enter a youth education 
(e.g., VET) [9]. PBE has a strong focus on preparation for 
vocational education [10], and many students attending 
PBE choose a VET education afterward. Both VET and 
PBE schools have a higher uptake of low SES students 
compared with high schools [11], which is also reflected 
in smoking prevalences. Hence, in 2020, approximately 
20% of students at VET and PBE schools smoked ciga-
rettes daily, while at high schools, the corresponding 
prevalence was 5% [12]. These findings align with those 
from other Western countries [13]. Despite the pro-
nounced differences in smoking prevalence, the propor-
tion of youth concerned with the health risks of smoking 
at VET and PBE schools was on par with those attending 
high schools (63.0% vs. 60.6%) [12].

Within the last decades, a host of smoking preventive 
initiatives have been initiated on a global scale, both on 
a political and community-based level, as a response to 
the alarming trends in smoking among the general popu-
lation and especially among youth [14, 15]. In particular, 
the school setting has been popular [15], as the oppor-
tunity of reaching youths with diverse sociodemographic 
characteristics is high [16]. Moreover, the school setting 
constitutes an important arena for engagement with 

peers and, hence, the social influences on smoking habits. 
Research suggests that possible explanations for higher 
smoking prevalence among VET students include higher 
rates of parental and peer smoking as well as the set-
tings in which they spend their everyday lives where, i.e., 
smoking in school is considered a significant driver for 
creating social interactions among students [13, 17–19]. 
The evidence concerning the effect of smoking preven-
tive and reducing interventions is inconclusive. However, 
interventions comprising multiple components aiming at 
the structural level as well as students’ competencies and 
knowledge about smoking have shown promising results 
in early and middle adolescence [20–22]. An evaluation 
of the settings-based intervention ‘Shaping the Social’ 
in Danish VET schools found that fewer students pro-
gressed from occasional to daily smoking; however, the 
evaluation found no intervention effects on daily smok-
ing and smoking cessation [23]. The evaluation concluded 
that future preventive initiatives that also included indi-
vidualized efforts were necessary when addressing this 
group of youth. Furthermore, another study found that 
current smoking was lower for students attending VET 
schools with smoke-free school grounds, while students 
attending schools allowing teacher-student smoking were 
more likely to smoke [24]. Thus, these findings indicate 
that multi-level and multi-component interventions may 
impact VET students’ smoking behaviors. Still, the cur-
rent research on interventions to prevent and reduce 
smoking among older adolescents and young adults in 
VET settings is limited.

The primary aim of this study was to examine the effect 
of a school-based multi-component smoking interven-
tion ‘Focus’ on average daily cigarette consumption 
among students in VET and PBE schools using a cluster 
randomized controlled trial. As predefined in the trial 
registration, we hypothesized that students would reduce 
the average daily number of cigarettes by 1) reduced lev-
els of cigarette consumption among daily smokers and 2) 
reduced initiation of smoking and progression to daily 
smoking among non-smokers and occasional smokers. 
A secondary aim was to examine the intervention effects 
on a range of pre-defined secondary outcomes at the 
individual, interpersonal, and environmental level, e.g., 
individual beliefs about smoking, support from other 
students and class community, and visibility of smoking 

Conclusion This study was among the first to test whether a complex, multicomponent intervention could reduce 
smoking in schools with high smoking risk. Results showed no overall effects. There is a great need to develop 
programs for this target group and it is important that they are fully implemented if an effect is to be achieved.

Trial registration https://www.isrctn.com/ISRCTN16455577, date of registration 14/06/2018.
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at school, all of which were determinants expected to 
impact students’ smoking decisions, identified through 
the program theory [25].

Methods
Study design
The effects of the Focus intervention were evaluated 
using an unblinded, cluster randomized controlled trial 
with stratification by school type. The study is prospec-
tively registered as ISRCTN16455577 in the ISRCTN 
trial registry. This study is reported according to the 
Consolidated Standards of Reporting Trials (CONSORT) 
extension to cluster randomized controlled trials [26] and 
Template for Intervention Description and Replication 
(TIDieR) recommendations [27]. A detailed study proto-
col is published elsewhere [25].

The Focus intervention
The Focus intervention is a multi-component school-
based intervention aiming to reduce smoking among 
students at VET and PBE schools. The intervention was 
developed based on the Intervention Mapping frame-
work [28] and the Behavior Change Wheel model [29] 
guided by self-determination theory [30] and socio-eco-
logical theories [31, 32]. The intervention included the 
following six main components:

1) School smoking policy. Schools were encouraged 
to implement a strict school smoking policy, i.e., 
enforcement of smoke-free school hours, where 
neither staff nor students are allowed to smoke 
during school hours. Smoke-free school hours 
included completely smoke-free indoor school 
facilities and outdoors during school hours (a fixed 
time interval decided by the school management, 
e.g., from 8 a.m. to 4 p.m.) effective for all students, 
staff, and visitors at the school.

2) A two-day course for school staff in delivering short 
motivational counseling with young individuals 
about smoking. This course was offered to 2–4 
teachers or other relevant staff at the intervention 
schools and was arranged by the Danish Cancer 
Society in the planning phase.

3) School class-based teaching material. The teaching 
material consisted of eight sessions about attitudes, 
beliefs, and social influence regarding smoking and 
aimed to create reflection in students which may lead 
to awareness and motivation to reduce, quit, or not 
initiate smoking.

4) Edutainment session on smoking. Edutainment refers 
to a lecture that both educates and entertains as 
defined by the American Heritage Dictionary [33]. 
The edutainment session was a one-time event for 
students performed by an external professional actor 
to promote knowledge about nicotine dependency, 

the consequences of smoking, individual risk of 
illness, and common misperceptions about smoking 
delivered with a combination of information and 
entertainment.

5) Class-based competition based on measurements of 
carbon monoxide levels. The competition included 
measurements of carbon monoxide levels at 
school start (baseline) and after two months. Here, 
researchers visited schools during school hours 
and carried out the measurements among students. 
Students were to breathe into a carbon monoxide 
detector, in which their level of carbon monoxide 
was measured and noted. The class with the 
largest overall reduction or maintenance of carbon 
monoxide level during the period won a prize (a 
bowling tour for the class).

6) Access to smoking cessation support. Individual 
smoking cessation support was offered by a smoking 
cessation counselor from the National Quitline in 
Denmark (www.stoplinien.dk) introduced to the 
students in the edutainment session.

The intervention targeted the youngest students at the 
schools, i.e., basic course students at VET schools and 
all students at PBE schools. Schools in the control group 
were encouraged to continue with normal practice, e.g., 
class-based educational material on smoking, but no 
school-level smoke policies in the form of smoke-free 
school hours.

Setting and participants
The VET-system comprises a basic program, in two 
parts, followed by a main program. Each part of the basic 
program has a duration of 20 weeks (i.e., one semester), 
with the first part of the basic course aimed at students 
who left compulsory school since maximum two years, 
while the second part includes everyone and is an intro-
duction to the main program. VET is divided into four 
main areas: (1) social and healthcare, (2) commercial, (3) 
agriculture, and (4) technical [10]. We did not include 
the third arm because these schools have the educational 
facility on a working college farm.

Schools were recruited in two rounds, from January 
2018 to April 2018 and January 2019 to April 2019. These 
time frames were selected to ensure that schools had 
time to implement the Focus intervention at school start 
in August. In the first round, seven VET schools were 
enrolled and randomly assigned to the intervention group 
(n = 4) or control group (n = 3). It was difficult to recruit 
VET schools with ‘technology, construction, and trans-
portation’ courses. Therefore, in round two, PBE schools 
were also included. A total of three VET schools and four 
PBE schools were enrolled and randomly assigned to the 
intervention group (n = 4; two PBE schools and two VET 
schools) or control group (n = 3; two PBE schools and one 

http://www.stoplinien.dk
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VET school). One PBE school withdrew their participa-
tion and was replaced.

The five inclusion criteria were (a) VET school offer-
ing education within social and healthcare, commercial, 
or technical subject areas or PBE school, (b) at least 100 
students enrolled in the basic program (first school year) 
at VET schools or in total at PBE schools, (c) no school-
level smoke policies in the form of smoke-free school 
hours, (d) school management was willing to implement 
the Focus intervention, and (e) accept the randomization 
procedures of the intervention. The VET schools were 
randomly selected by identifying schools fulfilling the 
inclusion criteria based on data from the student registry 
whereafter we placed them in random order regarding 
the sequence of contacting the schools. Due to time con-
straints, the PBE schools were selected based upon con-
venience sampling. This involved that we contacted the 
Danish association for PBE schools as well as a manager 
of a PBE school who had already implemented smoke-
free school hours. We asked these central stakeholders to 
help point in the direction of schools who could be inter-
ested in participating in the intervention.

At the VET intervention schools, data collection was 
performed in the basic course classes where the class-
based intervention components were implemented. At 
the VET control schools, data collection was also per-
formed in the basic course classes. Data collection was 
performed among all students in PBE schools as the 
intervention was implemented in all classes.

Randomization
We randomized at the school level to avoid contamina-
tion in the control group. The randomization, strati-
fied by school type, was used to assign schools to the 
intervention or the control group. At each round, VET 
schools were divided into the following strata: (1) social 
and healthcare, (2) commercial, and (3) technical. In the 
second round, a fourth stratum with PBE schools was 
added. A statistician not involved in the study performed 
randomization within each stratum and informed the 
project leader (SA). The project team informed schools 
by e-mail and visited the intervention schools to plan and 
support implementation.

Measures
Baseline data were collected at the semester start after 
the summer holiday (August). Here, students com-
pleted a digital questionnaire during school hours about 
smoking, attitudes towards smoking, sociodemographic 
questions as well as other health and well-being related 
questions. At the same time, teachers and principals 
answered a baseline data questionnaire about smoking at 
their schools, rules, etc. A longitudinal follow-up assess-
ment was performed approximately five months after 

baseline among students (December), and prior to this 
follow-up assessment, school principals and teachers in 
intervention classes answered a questionnaire about the 
implementation of the intervention (November).

All question framings and definitions of variables used 
in this study are in detail described in Additional file 1.

Primary outcomes
In the prospective trial registration, the primary outcome 
measure was stated as the ‘number of cigarettes per day’, 
assessed by student questionnaire at baseline and post-
intervention. For that purpose, we needed a model that 
included the whole student population to understand the 
intervention effect on daily cigarette consumption in full. 
We could have used a zero-inflated model, as these are 
designed to deal with data with a large number of indi-
viduals with a count of zero (i.e., students reporting not 
to smoke cigarettes on a daily basis). Because of fit and 
interpretation difficulties by using a zero-inflated model, 
we decided that two separate models were more appro-
priate. To accommodate students who reported zero 
number of daily cigarettes at follow-up, but reported 
daily smoking at baseline, we decided to have an addi-
tional primary smoking outcome. This was, however, not 
the original primary outcome choice. Following this, two 
primary outcomes were assessed in this paper:

1) Daily cigarette consumption among daily smokers 
at follow-up. Students who reported to smoke daily 
were given the question ‘how many cigarettes do you 
typically smoke per day? (State the average number 
of cigarettes)’.

2) Daily smoking at follow-up. All students were given 
the question ‘do you smoke cigarettes’ with response 
options of daily, weekly, less than weekly, or not 
smoking currently, which were dichotomized into 
daily smoking vs. non-daily smoking.

We defined a supplementary smoking status outcome 
regarding regular smoking. Responses to ‘do you smoke 
cigarettes?’ was dichotomized into regular smoking 
(daily, weekly, less than weekly) vs. non-smoking (non-
smoking or previous smoking), respectively.

Secondary outcomes
The secondary outcomes were determinants expected 
to impact students’ smoking behaviors as prespecified in 
the trial registration and study protocol [25]. Some out-
comes were examined among all students, while others 
were restricted to groups with specific smoking status at 
follow-up.

Among daily smokers, cigarettes smoked during school 
hours and nicotine dependence were measured at follow-
up. Among regular smokers, outcomes such as inten-
tion to quit smoking, self-efficacy, smoking behavior at 
school, and knowledge about smoking cessation services 
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were measured at follow-up. Among non-smokers, 
intention to initiate smoking was examined at follow-
up. Finally, among all students, outcomes at follow-up 
included mood effects of smoking, social benefit effects 
of smoking, school well-being, and visibility and percep-
tion of smoking at school and among classmates.

Covariates
Baseline characteristics included gender, age, and socio-
economic position (SEP). SEP was assessed according 
to family occupational social class determined by two 
questions about the occupations of students’ father and 
mother and categorized into low, medium, and high SEP. 
Previous research has demonstrated that students can 
answer questions about parental occupational status with 
fair validity [34].

Implementation measure
A web-based survey was delivered to school principals 
about the implementation of the intervention compo-
nents approximately four months (November) after base-
line (August). Based on these responses, a variable was 
derived about the implementation level. Categorizations 
of schools were divided into (1) implementation of both 
school- and class-level intervention components (inter-
vention delivered in full), (2) or only some class-level 
components or withdrawal of components during the 
evaluation period (partial intervention), and (3) control 
schools.

Sample size
Sample size calculations indicated that a sample size of 10 
schools with an average of 100 students (e.g., five schools 
in the intervention group and five schools in the control 
group) was necessary to detect a 25% reduction in the 
number of cigarettes smoked daily at follow-up, with a 
power of 80% and an alpha of 5%. The cluster design was 
taken into account with an assumed intra-cluster correla-
tion coefficient for schools (ICC) of 0.025. The ICC was 
estimated based on the Danish National Youth Study 
2014 data [35]. With the assumption of 25% student non-
response, 1,250 total students were needed. Consider-
ing the risk of attrition at school level, we enrolled more 
schools (n = 14).

Statistical methods
Statistical analyses were conducted using SAS v. 9.4. 
Descriptive statistics were used to compare interven-
tion and control groups at baseline. An intention-to-treat 
approach was used in the analyses of all trial outcomes, 
and all students with baseline data information at all 
participating schools were included in the analyses. Stu-
dents who reported smoking above 65 cigarettes per day 
at baseline and follow-up and concurrently answered 

the highest response options to other questions (e.g., 
reported believing that all students at their schools 
smoked cigarettes, smoked the maximum number of 
cigarettes during school days, i.e., 30 cigarettes, or gave 
unserious answers in open-text questions), thus, indicat-
ing sabotage of survey responses, were excluded for fur-
ther analyses (n = 4).

Missing data were handled with multiple imputation 
in two steps. First, the missing values in the baseline 
data were imputed. Next, missing follow-up data were 
imputed based on baseline data and non-missing values 
for primary and secondary outcomes at follow-up. Using 
the PROC MI procedure in SAS, two times of 20 rounds 
of imputations were carried out. In the first round, the 
school class variable was not included in the imputation 
model, while in the second round, the school class vari-
able was included in the imputation model to account 
for dependency within school classes. Using SAS PROC 
MIANALYZE, the imputed datasets were summarized to 
estimate intervention effects. Complete case analysis was 
utilized as a sensitivity analysis; the results did not differ 
substantially and therefore, only the intention-to-treat 
results are presented.

The effect analyses were based on between-group com-
parisons based on the five-month test and adjusted by the 
baseline score of the outcome variable if measured, and 
baseline age, gender, and SEP as covariates to increase 
the precision of effect estimates. The stratification vari-
able, school type, was also included as a covariate. Each 
model included class as a random effect to account for 
the cluster effect. Class-level intraclass correlations (ICC) 
are presented for the smoking outcomes. Multilevel gen-
eral linear regression modeling estimated the association 
between the intervention and daily cigarette consump-
tion among daily smokers. We graphically checked model 
assumptions of normal distribution and variance homo-
geneity of the residuals that indicated influential outli-
ers that violated the assumptions. We examined these 
outliers, and the values were all above 25 cigarettes per 
day (range: 28–48 cigarettes). Therefore, we performed 
a sensitivity analysis in which we excluded students with 
values above 25 (n = 8), resulting in a reasonable model 
fit (see results in Additional file 2). The dichotomous 
outcomes, i.e., smoking status and secondary outcomes, 
were assessed with multilevel logistic regression models.

We examined preplanned subgroups within interven-
tion schools (baseline smoking status, age, gender, and 
school type) and possible moderating effects on the daily 
cigarette consumption and smoking status at follow-up. 
Baseline smoking status was categorized into daily smok-
ing, regular smoking, and non-smoking. Age was divided 
into < 18 years and ≥ 18 years. School type was catego-
rized as (1) VET schools: social and healthcare, (2) VET 
schools: technical and commercial, and (3) PBE schools. 
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Moreover, we conducted a per-protocol analysis to inves-
tigate the effect of the actually delivered intervention.

Results
Baseline characteristics
At baseline, the survey sample included 844 students in 
the intervention group (response proportion 76%) and 
815 in the control group (response proportion 75%). See 
Fig. 1 for a full overview of the participant flow.

Baseline characteristics of the students are summarized 
in Table 1. The students were on average 18 years old, and 
30% smoked daily, while 11% smoked occasionally.

Intervention effects on number of cigarettes and smoking 
status
Among daily smokers, daily cigarette consumption 
decreased slightly between baseline and follow-up in the 
control group (from 12.7 to 12.2) and the intervention 

group (14.1 to 13.7) with a statistically non-significant 
mean difference of 0.15 (95% CI: -1.25;1.54) between the 
intervention and control group (Table  2). Among daily 
and regular smokers, no statistically significant between-
group differences were found at follow-up. However, 
diverging tendencies were found in daily smoking with a 
slight reduction in the intervention group (from 31.3 to 
30.1%) and a slight increase in the control group (from 
27.7 to 28.5%). The adjusted analysis showed a OR of 0.59 
(95% CI: 0.30;1.15) in favor of the intervention.

Per-protocol analysis
The per-protocol analysis showed no statistically sig-
nificant differences in the average number of cigarettes 
smoked, daily smoking, nor regular smoking between 
the intervention and control group (Table  3). However, 
a consistent tendency was found for all outcomes where 
the intervention was delivered in full, i.e., a reduction of 

Fig. 1 Flow diagram

 



Page 7 of 13Kjeld et al. BMC Public Health          (2023) 23:419 

average daily cigarette consumption (mean difference: 
-0.66, 95% CI: -2.42;1.09), daily smoking (OR: 0.44; 95% 
CI: 0.19;1.02), and regular smoking (OR: 0.57; 95% CI: 
0.32;1.01). while no marked differences were observed 
between schools where the intervention was delivered 
partially and the control group.

Differential effects by gender, age, baseline smoking 
status, and school type
For all subgroup analyses, no statistically significant 
differences were found between the intervention and 

control groups in relation to daily cigarette consump-
tion (Table  4). Girls in the intervention group were sig-
nificantly less likely to smoke daily at follow-up (OR: 
0.39; 95% CI: 0.16;0.98) and regularly (OR: 0.37; 95% 
CI: 0.18;0.79) compared with girls in the control group 
(Table  5). Regarding school type, a statistically signifi-
cant reduction in regular smoking (OR: 0.38; 95% CI: 
0.14;0.98) among students at social and healthcare VET 
schools was found in the intervention group compared 
with students at social and healthcare VET control 
schools.

Table 1 Baseline characteristics of schools and students stratified by the intervention and control group, complete cases, N = 1,659
Total Control group Intervention group
n (%) n (%) n (%)

School characteristics
Number of schools, n 14 6 8

School type

VET schools: social and healthcare 5 (35.7) 2 (33.3) 3 (37.5)

VET schools: technical 3 (21.4) 1 (16.7) 2 (25.0)

VET schools: commercial 2 (14.3) 1 (16.7) 1 (12.5)

PBE schools 4 (28.6) 2 (33.3) 2 (25.0)

Average number of classes per school [mean, (SD)] 6.6 (3.6) 5.9 (2.0) 7.5 (4.9)

Average number of students per class [mean, (SD)] 16.3 (10.1) 17.4 (8.4) 15.6 (11.1)

Student characteristics
Number of students, n 1,659 815 844

Age, years [median (IQR)] 18.0 (17;22) 17.0 (17;20) 18.0 (17;22)

Women 833 (50.2) 390 (47.9) 443 (52.5)

Immigrant background

Danish origin 1,272 (77.8) 650 (80.8) 622 (74.9)

Descendant 97 (5.9) 45 (5.6) 52 (6.3)

Immigrant 266 (16.3) 110 (13.7) 156 (18.8)

Living arrangement

Living with both parents 629 (38.3) 301 (37.3) 328 (39.2)

Living with one parent (parents not living together) 464 (28.2) 258 (32.0) 206 (24.6)

Other (alone, with partner, with friends etc.) 550 (33.5) 247 (30.7) 303 (36.2)

Family occupational social class

High (I + II) 251 (15.3) 120 (14.9) 131 (15.6)

Middle (III + IV) 678 (41.2) 355 (43.9) 323 (38.5)

Low (V + VI) 423 (25.7) 201 (24.9) 222 (26.5)

Unclassifiable 251 (15.3) 132 (16.3) 162 (19.3)

Baseline smoking status

Daily smoking 491 (29.7) 227 (27.9) 264 (31.3)

Occasional smoking 181 (10.9) 92 (11.3) 89 (10.6)

Previous smoking 102 (6.2) 56 (6.9) 46 (5.5)

Tried once or twice 263 (15.9) 136 (16.7) 127 (15.1)

Never smoked 619 (37.4) 302 (37.2) 317 (37.6)

Daily cigarette consumption [mean, (SD)]a 12.8 (7.06) 12.7 (6.1) 13.9 (6.9)

Medium to high nicotine dependencea 152 (63.3) 63 (59.4) 89 (66.4)

Smoking prevalence among family and friends

One or both parents smoke (incl. stepparents) 841 (50.7) 405 (49.7) 436 (51.7)

One or more siblings smoke 546 (32.9) 274 (33.6) 272 (32.2)

At least one of my close friends/partner smokes 1,241 (74.8) 609 (74.7) 632 (74.9)
Note. Baseline characteristics among complete cases with a missing range on included variables between 0.2-1.5%
aamong students who smoke daily
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Intervention effects on secondary outcomes
For mood effects of smoking, students in the intervention 
group showed improvement compared with the control 
group (OR: 0.68; 95% CI: 0.47;0.99). For all other sec-
ondary outcomes, no statistically significant differences 
were found between the intervention and control group 
(Table 5).

Discussion
This study examined the effectiveness of a multi-com-
ponent and multi-level intervention to reduce smok-
ing among young people in upper-secondary schools 
with high smoking prevalences (Danish VET and PBE 
schools). The results showed no effects of the interven-
tion on the primary outcomes, i.e., daily cigarette con-
sumption and students’ smoking status. However, a 
rather consistent tendency was found that students in the 
intervention group were less likely to smoke at follow-up 
compared with schools in the control group. Subgroup 
analyses showed that the intervention effect differed 
according to gender, school type, and level of implemen-
tation. Specifically, intervention effects were seen for girls 
as well as social and healthcare VET schools – although 
the size of effect was relatively minor. Moreover, schools 
where the intervention was delivered in full had higher 
benefits of the intervention in terms of reduced smoking 
prevalence at follow-up than schools with partial deliv-
ered intervention.

Most school-based tobacco interventions have focused 
on younger adolescents and the primary school setting 
[15]. Thus, findings from this study add to the current 
evidence of the potential effects of multi-component and 
multi-level interventions. This study indicates that smok-
ing preventive initiatives may impact smoking decisions 

Table 2 Analyses of the associations between the intervention (versus control group) and daily smoking consumption as well as 
smoking status (daily and regular) at follow-up using multiple imputation of missing data (N = 1,659)
Outcomes Baseline Follow-up Baseline adjusted* Fully adjusted** Class-

level 
ICC

Daily cigarette consumption
(40xN = 475–495)a

Mean 
(SD)

Mean 
(SD)

Mean 
differenceb

CI (95%) p-value Mean 
differenceb

CI (95%) p-value

Control group 12.7 (6.1) 12.2 (6.9) 0 (ref ) 0 (ref ) 3.4%

Intervention group 14.1 (7.0) 13.7 (8.3) 0.12 -1.25;1.48 0.87 0.15 -1.25;1.54 0.84

Daily smoking (40xN = 1,659) % % OR CI (95%) p-value OR CI (95%) p-value
Control group 27.7 28.5 1.00 (ref ) 1.00 (ref ) 4.5%

Intervention group 31.3 30.1 0.60 0.31;1.16 0.13 0.59 0.30;1.15 0.12

Regular smoking
(40xN = 1,659)

% % OR CI (95%) p-value OR CI (95%) p-value

Control group 39.0 39.4 1.00 (ref ) 1.00 (ref ) 1.8%

Intervention group 41.9 40.0 0.76 0.48;1.19 0.23 0.77 0.49;1.20 0.24
*adjusted for random effects (class), stratification variable (school type), baseline smoking status and cigarette consumption

**adjusted for random effects (class), stratification variable (school type), baseline smoking status, cigarette consumption, gender, socioeconomic status, and age
anumber differed due to the multiple imputation models
bmean difference in change from baseline to follow-up

Table 3 Per-protocol analysis using multiple imputation of 
missing data (N = 1,659)

Baseline Follow-up Fully adjusted*
Daily cigarette 
consumption

Mean (SD) Mean (SD) Mean 
differencea

CI (95%)

Per protocol 
analysis

Control group 12.7 (6.1) 12.2 (6.9) 0 (ref )

Partial 
intervention

14.7 (7.5) 14.6 (9.1) 0.88 -0.77;2.53

Full 
intervention

13.4 (6.4) 12.8 (7.3) -0.66 -2.42;1.09

Daily smoking % % OR CI (95%)
Per protocol 
analysis

Control group 27.7 28.6 1.00 (ref )

Partial 
intervention

31.4 31.1 0.78 0.35;1.76

Full 
intervention

31.2 29.2 0.44 0.19;1.02

Regular 
smoking

% % OR CI (95%)

Per protocol 
analysis

Control group 39.0 39.4 1.00 (ref )

Partial 
intervention

42.5 42.6 1.00 0.58;1.72

Full 
intervention

41.3 37.4 0.57 0.32;1.01

*adjusted for random effects (class), stratification variable (school type), 
baseline smoking status, cigarette consumption, gender, socioeconomic 
status, and age
amean difference in change from baseline to follow-up
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Table 4 Subgroup analyses stratified by gender, age, and smoking status at baseline using multiple imputation of missing data 
(N = 1,659)

Control group Intervention group Regression analyses
Baseline Follow-up Baseline Follow-up Fully adjusted*

Daily cigarette consumption Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean differencea CI (95%)
Gender

Boys 12.8 (6.3) 12.6 (7.1) 14.2 (7.4) 14.2 (9.0) 0.81 -1.35;2.96

Girls 12.6 (5.9) 11.9 (6.7) 14.0 (6.7) 13.3 (7.6) -0.68 -2.03;0.67

Age, years

< 18 12.5 (5.6) 11.7 (7.1) 13.1 (6.7) 13.5 (7.6) 0.65 -1.65;2.94

≥ 18 12.8 (6.3) 12.5 (6.6) 14.6 (7.2) 13.9 (8.7) -0.33 -1.77;1.11

Smoking status at baseline

Daily smoking 12.7 (6.1) 12.5 (6.8) 14.1 (7.0) 13.9 (8.4) 1.14 -0.69;2.98

Occasional smoking - 10.2 (8.1) - 9.8 (6.2) -2.33 -11.25;6.59

No current smoking - 6.6 (3.6) - 14.0 (4.3) -b

School type

VET schools: Social and healthcare 12.7 (5.2) 11.8 (5.6) 13.9 (6.6) 13.2 (7.5) -0.34 -1.82;1.14

VET schools: Technical and commercial 11.9 (5.8) 11.4 (6.8) 12.6 (6.1) 13.0 (7.2) 0.96 -1.97;3.90

PBE schools 14.0 (7.6) 14.2 (8.4) 15.8 (8.1) 15.1 (9.9) -0.38 -3.05;2.29

Daily smoking % % % % OR CI (95%)
Gender

Boys 26.6 26.0 30.7 29.2 0.76 0.33;1.76

Girls 28.9 31.3 31.8 31.0 0.39 0.16;0.98

Age, years

< 18 19.6 22.9 22.0 22.1 0.51 0.22;1.15

≥ 18 37.3 35.3 40.1 37.7 0.90 0.38;2.12

Smoking status at baseline

Daily smoking 100 93.8 100 91.3 0.62 0.28;1.37

Occasional smoking 0 13.4 0 11.3 0.96 0.31;2.93

No current smoking 0 1.7 0 0.6 -b

School type

VET schools: Social and healthcare 29.8 31.8 36.8 34.7 0.52 0.18;1.49

VET schools: Technical and commercial 21.9 23.0 22.1 21.4 0.64 0.23;1.84

PBE schools 41.3 39.1 38.6 37.8 0.41 0.10;1.77

Regular smoking % % % % OR CI (95%)
Gender

Boys 40.1 38.9 43.7 43.6 1.21 0.72;2.05

Girls 37.9 39.9 40.2 36.8 0.37 0.18;0.79

Age, years

< 18 34.6 35.7 37.2 36.7 0.87 0.53;1.44

≥ 18 44.3 43.7 46.3 43.2 0.54 0.22;1.28

Smoking status at baseline

Daily smoking 100 96.0 100 94.4 0.67 0.27;1.69

Occasional smoking 100 77.6 100 70.0 0.68 0.31;1.47

No current smoking 0 6.6 0 5.3 0.83 0.45;1.53

School type

VET schools: Social and healthcare 38.6 40.7 45.8 40.6 0.38 0.14;0.98

VET schools: Technical and commercial 37.4 36.8 36.5 36.9 1.13 0.67;1.91

PBE schools 45.2 44.8 45.1 44.4 0.58 0.03;10.3
*adjusted for random effects (class), stratification variable (school type), baseline smoking status, cigarette consumption, gender, socioeconomic status, and age
amean difference in change from baseline to follow-up
bthere are too few observations in some cells to run analysis
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among adolescents and young adults at higher risk of 
smoking in the VET setting, which is in line with the 
sparse previous research in this area [23, 24]. Meanwhile, 
a range of factors may have influenced the opportunities 
to implement intervention components as intended. In a 
Danish and international context, various barriers have 
been identified for implementing school tobacco policies 
[36, 37]. These factors include, e.g., lack of sanctioning 
of smokers at school due to fear of jeopardizing the stu-
dent-teacher relationship, lack of clear communication 
from management on enforcement of smoking rules as 
well as perceiving smoking as outside their role as school 
staff and as students’ own responsibility. Seeing smoking 
policies in line with school values and expecting positive 
outcomes from the policies were found to be important 
facilitators.

In a qualitative process evaluation of the Focus inter-
vention, we saw that VET schools educating health per-
sonnel (the social and healthcare trade) were more prone 
to implement and make sense of the intervention [37]. 
The current study underpins the importance of these 

observations, namely that students at social and health-
care VET schools in the intervention group were less 
likely to smoke at follow-up compared with their coun-
terparts in the control group, while students attending 
other schools (technical and commercial VET schools 
as well as PBE schools) did not achieve the same positive 
outcomes.

The intervention was more effective on girls’ smoking 
behavior than boys. Consequently, the intervention may 
have appealed more to girls than boys, which is impor-
tant to bear in mind when interpreting the results. Other 
research has shown similar gender effects of health inter-
ventions and intervention adoption; thus, girls were more 
responsive to smoking preventive interventions and had 
more positive attitudes towards tobacco policies [38]. 
Future research should be aware of these differences and 
further address how to design intervention components 
to appeal to boys and girls equally. The fact that interven-
tion effects were seen for girls, social and healthcare VET 
schools, and schools where the intervention was imple-
mented in full, may reflect the same underlying finding; 

Table 5 Logistic regression analyses of the associations between the intervention group (versus the control group) and secondary 
outcomes of the Focus intervention at follow-up using multiple imputation of missing data (N = 1,659)

Control group Intervention group Regression analyses
Outcome Baseline Follow-up Baseline Follow-up Fully adjusted*
Among daily smokers Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean 

differencea
CI (95%)

Cigarettes smoked during school hours - 5.4 (3.2) - 6.1 (4.1) 0.23 -0.94;0.66

% % % % OR CI (95%)
Medium to high nicotine dependence 75.6 72.4 79.3 77.2 1.09 0.59;2.01

Among regular smokers % % % % OR CI (95%)
Intention to quit smoking 69.7 77.2 70.5 79.0 1.18 0.64;2.19

Smoking-related self-efficacy (scale) 13.1 14.1 13.8 13.7 0.95 0.65;1.39

Smoking-related self-efficacy at school - 43.4 - 42.5 0.98 0.63;1.53

Smoking together with teachers while at school - 10.0 - 10.1 1.15 0.51;2.55

Smoking together with other students while at school - 51.9 - 58.5 1.38 0.85;2.25

Smoking alone while at school - 16.0 - 18.3 1.17 0.63;2.19

Knowledge about smoking cessation services 14.3 16.3 12.7 17.2 1.10 0.60;1.98

Among non-smokers % % % % OR CI (95%)
Intention to initiate smoking 2.7 5.5 3.5 5.2 0.86 0.43;1.70

Among all % % % % OR CI (95%)
Perceived mood effects of smoking 23.4 34.4 26.3 31.2 0.68 0.47;0.99

Perceived social benefit effects of smoking (scale) - 3.2 - 2.6 1.01 0.43;2.35

Positive classmate relationships (scale) - 62.7 - 60.9 0.91 0.62;1.35

Sense of class community - 52.2 - 54.4 1.08 0.71;1.64

School connectedness - 57.0 - 57.9 1.02 0.72;1.46

Support from other students - 65.7 - 60.5 0.79 0.53;1.19

Support from teachers - 65.9 - 65.3 1.10 0.73;1.66

Afraid of being made a fool of - 11.8 - 11.5 1.03 0.63;1.70

Visibility of smoking among all students at the school (≥ 50%) - 48.9 - 47.1 0.87 0.58;1.31

Visibility of smoking among classmates (≥ 50%) - 43.0 - 42.3 0.95 0.57;1.57

Perception of how many smokes (> 50%) - 39.2 - 36.0 0.79 0.52;1.20
*adjusted for random effects (class), stratification variable (school type), gender, socioeconomic status, age, baseline variable if available, and baseline smoking 
status
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hence, the proportion of girls at social and healthcare 
VET schools is high compared to the other school types, 
and most of the social and healthcare VET schools 
had implemented the intervention in full. Due to lim-
ited power, further subgroup analyses based on gender 
within school types were not possible. Nonetheless, the 
findings speak to further actions within the VET setting 
and a focus on tailoring efforts to the specific VET set-
ting so that all schools, even without a particular focus on 
health, can make sense of and perceive smoking preven-
tive interventions to be in line with their school values 
and educational aims.

Knowledge about the effects of smoking prevention in 
high-risk groups are lacking, and evidence-based knowl-
edge may inform and guide political decision-making. 
We know that smoking prevention as early as possible is 
important to prevent individuals to initiate smoking, i.e., 
as early as primary school. Nonetheless, many, especially 
in the VET setting, escalate smoking when they enter 
upper-secondary education [39]. Therefore, efforts within 
the setting of youth in high risk of smoking is essential 
to de-normalize smoking and provide youth with tools 
to abstain from smoking and social alternatives to social 
communities connected to smoking. Importantly, this 
study showed that implementation is essential for achiev-
ing positive outcomes of the intervention. Future studies 
may further investigate other aspects of the implementa-
tion, namely in-depth research into e.g., the enforcement 
of the intervention and attitudes towards components of 
the intervention among students and specific subgroups 
could be beneficial to gain an overall picture of how and 
for whom the intervention works. Societal norms and 
practices regarding smoking are essential for succeeding 
in implementing new smoking preventive interventions. 
Since the Focus study was implemented and evaluated, 
smoke-free school hours schools at VET schools have 
been made mandatory by the Danish government, and 
the laws on tobacco have generally been substantially 
tightened over the recent years [40]. Therefore, new 
research is warranted to further investigate youth smok-
ing practices and the potentials of the Focus intervention 
in light of this new policy environment in Denmark.

Strengths and limitations
This study holds several strengths, including that the 
Focus intervention was evaluated in a longitudinal clus-
ter-randomized controlled trial with a large baseline 
sample of youth. Moreover, advanced statistical meth-
ods were used to account for clustering and missing 
data. Secondly, the development of the Focus interven-
tion builds on a large and thorough preparation work, 
including a needs assessment and a clearly defined pro-
gram theory of how the intervention was expected to 
impact students’ smoking decisions [25]. Moreover, the 

intervention comprised components figuring on the 
structural and individual level, and thereby addressing 
smoking determined not only by students’ individual 
behaviors but also by their social determinants [41], high-
lighting the importance of a socio-ecological approach 
for preventing tobacco use among young people. Thirdly, 
the study fills an important knowledge gap identified 
in the current literature on smoking prevention, as this 
study focuses on the effects of an approach on preventing 
the escalation of smoking targeting high-risk populations 
[42], i.e., students at VET and PBE schools.

Nonetheless, findings from this study should be con-
sidered in the context of the following limitations. First, 
a large proportion of students missed responding at fol-
low-up. To account for potential selection bias, we per-
formed analyses based on multiple imputation including 
a range of relevant factors. Nevertheless, missing data 
reduced statistical power with a risk of introducing type 
II error. Second, the lack of statistically significant results 
may be influenced by the short follow-up period in which 
students’ smoking behaviors were investigated. Chang-
ing habits and culture in any setting is a difficult task, 
and it may take a longer time to find common ground 
on a managerial level on how to address tobacco-related 
issues and develop new habits. In this connection, a sys-
tematic review among schoolchildren found an effect of 
smoking preventive interventions at more than one-year 
follow-up, while no effects were detected at one year or 
less [15]. Third, use of self-reported measures may have 
introduced information bias. Particularly, responses by 
school principals may have been influenced by a desire 
to present the school in a favorable way. Fourth, we 
tested intervention effects on a large number of out-
comes which may have introduced Type I error. To take 
this into account, we had pre-specified a program theory 
and only included a few primary outcomes. We only per-
formed power calculations for the cigarette consumption 
outcome. Consequently, it is unknown whether we have 
sufficient power for the analysis of the daily smoking out-
come. Considering the risk of attrition at school level, we 
chose to enroll more schools than the power calculation 
estimated (n = 14). This was also done to ensure power 
for the subgroup analyses. However, the study was not 
formally powered for subgroup analyses and, therefore, 
the pre-planned subgroup analyses should be considered 
exploratory.

Finally, recruiting VET schools showed to be a difficult 
task, and PBE schools were included due to the many 
similarities among students attending VET and PBE 
schools – both according to sociodemographic charac-
teristics and smoking prevalence. Nonetheless, as were 
also reflected in our results, students in PBE schools 
could constitute a more vulnerable group (i.e., smok-
ing prevalence was markedly higher among students at 
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PBE schools compared with students at VET schools). 
Therefore, components of the intervention may not 
have applied equally to students of different school 
types. Future studies may further investigate the con-
textual influences on the effects of smoking preventive 
interventions.

Because we had the inclusion criteria that the school 
management should be willing to implement the Focus 
intervention, we expect differences in the manage-
ment group between included schools and schools who 
rejected our invitation to participate. The schools had dif-
ferent reasons for the rejection including that their focus 
and resources were not able to meet the requirement of 
implementing smoke-free school hours. Accordingly, the 
engagement in implementing the school tobacco policy 
cannot be generalized to all schools in Denmark. How-
ever, we do not have reasons to suspect that the student 
population is not representative for vocational students 
in Denmark, i.e., in another Danish report from 2019 
among VET schools, the smoking prevalence was compa-
rable with our study (30% smoked daily and 11% smoked 
occasionally in VET schools in this study vs. 29% and 9%, 
respectively) [43].

Conclusion
This study showed no overall intervention effects on daily 
cigarette consumption and smoking status. Still, results 
based on subgroup analyses indicated some context-spe-
cific effects. Hence, our results showed effects in social 
and health care VET schools and among girls. Moreover, 
findings suggested that smoking can be reduced if the 
intervention is fully implemented with both individual 
and structural components at the school level. We found 
inconclusive evidence on the investigated secondary out-
comes that were determinants expected to impact smok-
ing decisions, and future studies should further examine 
the mechanisms contributing to reduced smoking among 
some groups of youth and why other groups maintain 
their smoking habits.
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