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ABSTRACT
INTRODUCTION Most people who smoke initiate smoking in adolescence. Risk factors 
for smoking are changing over time as demographics shift, and technologies such 
as social media create new avenues for the tobacco industry to recruit smokers. We 
assessed risk factors associated with smoking uptake and regular smoking among 
a representative cohort of UK adolescents.
METHODS Data come from 8944 children followed prospectively as part of the UK 
Millennium Cohort Study. Smoking uptake was assessed as adolescents who had 
never smoked tobacco at the age of 14 years, but reported smoking ≥1 cigarette 
per week by the age of 17 years (regular smoking). We used logistic regression to 
assess associations between smoking uptake and selected sociodemographic factors 
including household income, caregiver smoking, peer smoking, and social media 
use. Weighted percentages and Office for National Statistics Data were used to 
estimate numbers of regular smokers and new smokers in the UK. 
RESULTS Among the whole sample, 10.6% of adolescents were regular smokers at the 
age of 17 years. Of these, 52% initiated smoking between  the ages of 14 and 17 
years. Uptake was more common if caregivers smoked (13.6% vs 5.0%, p<0.001) or 
friends smoked (12.6% vs 4.3%, p<0.001), and among those reporting >5 hours/
day of social media use (9.8% vs 4.1%, p=0.006).  Applying these percentages to 
population data, an estimated 160000 adolescents in the UK were regular smokers 
by the age of 17 years, of whom more than 100000 initiated smoking between the 
ages of 14 and 17 years.
CONCLUSIONS This analysis of smoking uptake and regular smoking highlight that 
smoking behavior remains highly transmissible within families and peer groups, 
reinforcing inequalities. Social media are highlighted as a potential vector.
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INTRODUCTION
Most people who smoke initiate smoking during their teenage years, and earlier 
uptake of smoking is linked to being more likely to smoke in later years1. 
Additionally, inequalities between groups in smoking uptake are an important 
driver of inequalities in tobacco-related health outcomes2. The UK Government is 
committed to achieving a ‘smoke-free generation’, and preventing uptake among 
adolescents will be a key factor to achieve this3. The Children’s Charter for Lung 
Health includes addressing child smoking as one of its key elements4. Previous 
analysis of the UK Millennium Cohort Study (MCS), using data collected between 
2011 and 2014, identified that caregiver and peer smoking were important factors 
associated with smoking uptake by the age of 14 years5. As data are now available 

AFFILIATION
1 Public Health Policy 
Evaluation Unit, School 
of Public Health, Imperial 
College London, London, 
United Kingdom
2 National Heart and Lung 
Institute, Royal Brompton 
Hospital, Imperial College 
London, London, United 
Kingdom

CORRESPONDENCE TO 
Anthony A. Laverty. Public 
Health Policy Evaluation 
Unit, School of Public Health, 
Imperial College London, 
Room 322, Reynolds Building, 
St Dunstan’s Road, W6 8RP, 
London, United Kingdom. 
E-mail a.laverty@imperial.
ac.uk
ORCID ID: https://orcid.
org/0000-0003-1318-8439" 
https://orcid.org/0000-0003-
1318-8439

KEYWORDS
adolescent, cohort studies, 
peer group, social media, 
smoking, tobacco use

Received: 1 June 2022
Revised: 22 July 2022
Accepted: 22 July 2022



Short Report
Tobacco Induced Diseases 

Tob. Induc. Dis. 2022;20(October):83
https://doi.org/10.18332/tid/152321

2

on this cohort up to the age of 17 years, it is possible 
to investigate factors associated with continued or 
new uptake of smoking in late adolescence. 

In the present study, we extend previous analyses 
by: 1) assessing levels and risk factors for smoking 
in late adolescence (17 years), 2) investigating risk 
factors for smoking uptake between early and late 
adolescence; and 3) presenting regional estimates of 
smoking and smoking uptake among late adolescents.

METHODS
The MCS is a birth cohort study which follows 
children born between September 2000 and January 
20026.  We used data collected from both children and 
their main caregiver within the household at waves 
six and seven. At wave six, the majority of children 
(73.5%) were 14 years, although this ranged from 
13 to 15 years depending on birth date and date of 
fieldwork.  For ease of reference, we refer to children 
in this wave as ‘aged 14 years’.  Similarly, the majority 
of children (66.9%) were aged 17 years at wave seven 
(range: 16–18), and we refer to them as ‘aged 17 
years’; a total of 9848 children participated in both 
waves.  After excluding those with missing data, 8944 
(90.8%) individuals were available for analyses. 

Smoking status at waves six and seven was assessed 
by asking children to select one of six statements 
that best described them: ‘I have never smoked 
cigarettes’, ‘I have only ever tried smoking cigarettes 
once’, ‘I used to smoke sometimes but I never smoke 
a cigarette now’, ‘I sometimes smoke cigarettes now 
but I don’t smoke as many as one a week’, ‘I usually 
smoke between one and six cigarettes a week’, and 
‘I smoke more than six cigarettes a week’.  Regular 
smoking at the age of 17 years was defined as those 
who reported smoking at least one cigarette per week 
at wave seven.  Smoking uptake between the ages of 
14 and 17 years was defined as those who reported 
‘never’ smoking at the age of 14 years (wave six) and 
regular smoking at the age of 17 years (wave seven). 

In separate logistic regression models, we assessed 
associations of age, gender, ethnicity, household 
income, country, caregiver current smoking, peer 
smoking, and social media use with regular smoking 
at the age of 17 years and with smoking uptake of 
people aged between 14 and 17 years. 

We estimated national numbers of smoking at the 
age of 17 years and smoking uptake between 14 and 

17 years using data on population size by age from the 
Office for National Statistics (ONS).  We used survey 
weights generated by the survey team to adjust for 
non-response bias and sampling. 

Further details on survey questions and producing 
national estimates are given in the Supplementary 
file. We also present additional analyses of the 
associations of social media use at the age of 17 years 
and transitions in social media use between 14 and 
17 years with smoking (Supplementary file). Finally, 
we present analyses of the interactions of household 
income with caregiver smoking, peer smoking, and 
social media use (Supplementary file). 

RESULTS
About one in ten participants (10.6%) reported 
regular smoking at the age of 17 years (Table 1 and 
Supplementary file Table 1).  Of these, 52% initiated 
smoking between the ages of 14 and 17 years, 11% 
were already smoking regularly at the age of 14 years, 
and 37% had tried smoking or smoked less than one 
cigarette per week at 14 years. Of the never smokers 
at the age of 14 years, 6.3% (n=488) reported regular 
smoking (i.e. at least one cigarette per week) at 17 
years (Table 1 and Supplementary file Table 1).  

Factors associated with being a regular smoker at 
the age of 17 years and taking up smoking between 
the ages of 14 and 17 years were similar (Table 1).  
Those from ethnic minority backgrounds were less 
likely to be regular smokers at 17 years or to take up 
smoking, while those from lower income households, 
and those with caregivers and peers who smoked were 
more likely to do so. 

Adolescents whose caregiver was smoking when 
they were 14 years were more than twice as likely 
to be a smoker at 17 years, and to start smoking 
between the ages of 14 and 17 years, than those 
whose caregivers were not smoking. Similarly, 
adolescents who reported peer group smoking were 
more than three times as likely to smoke at 17 years 
and more than twice as likely to take up smoking 
between ages 14 and 17 years than those whose 
peers did not smoke (Table 1 and Supplementary file 
Figure 1). Both regular smoking and smoking uptake 
were more common among adolescents in lower 
income households. For example, those in the lowest 
household income group were almost twice as likely 
to take up smoking as those in the highest household 
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Table 1. Adjusted logistic regression analyses of regular smoking at the age of 17 years and smoking uptake 
between the ages of 14 and 17 years 

Regular smoking at the age of 17 years
(n=8944)

Smoking uptake between the ages of 14 and 
17 years

(n=7786)b

% AOR (95% CI)a % AOR (95% CI)a

All 10.6 - 6.3 -

Age (years)

16 (Ref.) 9.3 1 5.5 1

17–18 11.3 0.97 (0.78–1.21) 6.6 0.94 (0.71–1.25)

Gender

Male (Ref.) 10.6 1 6.7 1

Female 10.6 0.90 (0.70–1.16) 5.9 0.81 (0.58–1.12)

Ethnicity

White (Ref.) 12.0 1 7.3 1

Mixed 10.5 1.04 (0.57–1.92) 3.7 0.64 (0.26–1.58)

Indian 3.1 0.35 (0.15–0.82) 2.1 0.44 (0.16–1.25)

Pakistani/Bangladeshi 3.1 0.17 (0.10–0.31) 1.9 0.17 (0.07–0.38)

Black or Black British 2.8 0.27 (0.12–0.64) 1.1 0.22 (0.06–0.74)

Other 6.3 0.78 (0.38–1.59) 3.7 0.75 (0.30–1.91)

Household income

Q1 (highest) (Ref.) 7.2 1 4.3 1

Q2 8.8 1.40 (1.01–1.94) 5.3 1.66 (1.07–2.57)

Q3 11.3 1.32 (0.97–1.79) 7.8 1.64 (1.19–2.26)

Q4 15.9 2.30 (1.73–3.06) 8.7 2.39 (1.64–3.47)

Q5 (lowest) 13.0 1.79 (1.25–2.56) 7.0 1.96 (1.16–3.29)

Country

England (Ref.) 10.2 1 5.7 1

Wales 11.4 0.84 (0.57–1.23) 7.5 1.03 (0.64–1.66)

Scotland 12.8 1.22 (0.95–1.58) 7.7 1.19 (0.84–1.69)

Northern Ireland 10.1 0.97 (0.68–1.38) 7.2 0.99 (0.68–1.44)

Caregiver smoking

No (Ref.) 7.9 1 5.0 1

Yes 23.2 2.06 (1.68–2.52) 13.6 2.06 (1.57–2.71)

No answer 7.5 1.28 (0.40–4.13) 3.3 0.76 (0.13–4.35)

Peer smoking

None (Ref.) 5.1 1 4.3 1

At least some 22.9 3.67 (2.78–4.85) 12.6 2.32 (1.62–3.32)

No answer 7.5 1.26 (0.81–1.94) 5.4 1.01 (0.61–1.67)

Social media use on weekdays at the 
age of 14 years (hours)

<1 (Ref.) 6.0 1 4.1 1

≥1 and <5 10.9 1.38 (1.05–1.81) 6.9 1.41 (1.01–1.96)

≥5 18.8 1.91 (1.41–2.59) 9.8 1.69 (1.16–2.46)

*Unweighted %. a AOR: weighted adjusted odds ratio, mutually adjusted for all covariates included in the table. Significant associations in bold. b This is a subsample of the 
entire sample and consists of ‘never smokers’ at the age of 14 years (i.e. it excludes those who reported any smoking at the age of 14 years).
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income group (AOR=1.96; 95% CI: 1.16–3.29).
Those who spend 1–5 hours per day on social media 

were 1.4 times more likely, and those who spend more 
than 5 hours were almost twice as likely, to smoke at 
the age of 17 years or take up smoking aged between 
14 and 17 years than those who spent less than 1 
hour per day on social media (test for trend p<0.001 
for both outcomes) (Table 1).  Additional analyses on 
social media use (Supplementary file Table 2), showed 
that higher social media use at 17 years was also 
associated with a higher likelihood of regular smoking 
at 17 years and initiating smoking between the ages of 
14 and 17 years. Those who reported social media use 
of more than 1 hour per day at both the ages of 14 and 
17 years were three times more likely to smoke at the 
age of 17 years than those who used social media for 
less than one hour per day. Analyses of the interaction 
of household income and caregiver smoking suggest 
that associations between caregiver smoking may be 
larger among those with lower household incomes 
(Supplementary file Table 3). These analyses are 
limited, however, by small numbers and overlapping 
confidence intervals. Similar patterns are observed 
for peer smoking (Supplementary file Table 4). 
Analyses of the interaction between social media use 
and household income also suggest a more prominent 
association between social media use and smoking 
among those from lower incomes (Supplementary file 
Table 5). 

Our weighted estimates suggest that approximately 
160000 adolescents (95% CI: 146815–181811) in the 
UK were regular smokers by the age of 17 years, of 
whom more than 100000 initiated smoking between 
the ages of 14 and 17 years (Supplementary file Table 
6). Between the countries of the UK, smoking uptake 
ranged from 7.0% in England to 8.6% in Wales.

DISCUSSION
Data from the Millennium Cohort Study show that of 
the nearly one in ten adolescents in the UK who were 
regular smokers by the age of 17 years, around half 
(52%) initiated smoking since the age of 14 years. 
Caregiver smoking, peer smoking, and social media 
use were linked to uptake of tobacco smoking among 
UK adolescents. 

Previous analyses of the same cohort for the age of 
14 years found that 1.9%, or an estimated 39000 early 
teens around the UK were smokers5.  Together, these 

findings indicate that a large group of UK adolescents 
still take up smoking despite the government’s 
pledge to create a ‘smoke-free generation’ and that 
approaches to address this need to be delivered 
across childhood. They also serve as a reminder of 
the transmissibility of the smoking epidemic with 
peer and caregiver smoking increasing tobacco use 
among adolescents. We also found that adolescents in 
lower income households were more likely to take up 
smoking and to be regular smokers. These findings 
highlight the inequalities in smoking harms and 
that an intergenerational, comprehensive approach 
including preventing uptake, promoting quitting, and 
treating dependence is needed to tackle tobacco use7,8.

We found a significant independent association 
between social media use and smoking uptake. 
This finding is in line with other research, mainly 
conducted in the USA, which has found, for example, 
increased susceptibility to smoking uptake and higher 
levels of smokeless tobacco use among children 
exposed to online tobacco advertising9,10. Although 
causation cannot be inferred from this, the findings 
do reinforce concerns that social media content may 
promote smoking.  This study adds to an increasing 
evidence base, including a recent systematic review 
of 29 studies which identified high levels of tobacco 
marketing on social media, and a link between this 
and youth smoking11. It should be noted that while 
our study is the first reporting of data on this from 
the UK, we were unable to assess actual exposure 
to tobacco promotion on social media. This means 
that there may be other explanations including a 
clustering of unhealthy behaviors within some groups. 
Nonetheless, together the evidence reinforces calls 
for action, including those from the Royal College 
of Physicians to ban all social media marketing of 
tobacco products12,13. These findings also strengthen 
arguments that legislation to address online safety 
should consider public health harms, including 
those from tobacco advertising, and of the need for 
continued awareness over the changing landscape of 
tobacco advertising over time.

Strengths and limitations
A strength of this study is that our covariates, such as 
household income, caregiver smoking, peer smoking, 
and social media use, were assessed prospectively, 
before uptake of smoking, adding strength to the 
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temporality of the relationship between these factors 
and subsequent smoking uptake.  Limitations to this 
work include that smoking measures were based 
on self-report, but previous studies have shown 
that this is a reliable indicator for the prevalence of 
actual smoking behaviour14. Furthermore, we did not 
consider e-cigarette use in the analyses, although an 
estimated 5-8% of adolescents use these7.  Hence, 
we may have underestimated total use of nicotine-
containing products by adolescents. Our findings 
regarding social media use are limited by the fact 
that the measure used was hours of use, and not a 
more specific measure such as actual exposure to pro-
tobacco advertisements or messages. Finally, while 
cohort studies are prone to attrition over time, we 
used the survey weights provided to adjust for this 
and to ensure population-representativeness.

CONCLUSIONS
These prospective data show that the relationship 
of caregiver and peer group smoking with smoking 
uptake persists throughout childhood, and highlights 
a potential role for social media as an important 
potential novel vector.

REFERENCES
1. Hopkinson NS, Lester-George A, Ormiston-Smith 

N, Cox A, Arnott D. Child uptake of smoking by 
area across the UK. Thorax. 2014;69(9):873-875.  
doi:10.1136/thoraxjnl-2013-204379

2. Brown T, Platt S, Amos A. Equity impact of interventions 
and policies to reduce smoking in youth: systematic 
review.  Tob Control .  2014;23(e2):e98-e105.  
doi:10.1136/tobaccocontrol-2013-051451

3. All Party Parliamentary Group on Smoking and Health. 
Delivering a Smokefree 2030: The All Party Parliamentary 
Group on Smoking and Health recommendations for 
the Tobacco Control Plan 2021. All Party Parliamentary 
Group on Smoking and Health; 2021. Accessed July 22, 
2022. https://ash.org.uk/wp-content/uploads/2021/06/
APPGTCP2021.pdf

4. Hopkinson NS, Lenney W, Langton-Hewer S, et al. 
Children’s charter for lung health. Thorax. 2022;77(1). 
doi:10.1136/thoraxjnl-2021-217766

5. Laverty AA, Filippidis FT, Taylor-Robinson D, Millett C, 
Bush A, Hopkinson NS. Smoking uptake in UK children: 
analysis of the UK Millennium Cohort Study. Thorax. 
2019;74(6):607-610. doi:10.1136/thoraxjnl-2018-212254

6. Connelly R, Platt L. Cohort profile: UK Millennium 
Cohort Study (MCS). Int J Epidemiol. 2014;43(6):1719-
1725. doi:10.1093/ije/dyu001

7. McNeill A, Brose L, Calder R, Simonavicius E, Robson 
D. Vaping in England: an evidence update including 
vaping for smoking cessation, February 2021. A report 
commissioned by Public Health England. Public Health 
England; 2021. Accessed July 22, 2022. https://assets.
publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/962221/Vaping_in_
England_evidence_update_February_2021.pdf

8. Kuipers MAG. Systems perspective for equitable tobacco 
control in the future. Tob Control. 2022;31(2):386. 
doi:10.1136/tobaccocontrol-2022-057257

9. Li X, Borodovsky JT, Kasson E, et al. Exploring how 
tobacco advertisements are associated with tobacco 
use susceptibility in tobacco naive adolescents from 
the PATH study. Prev Med. 2021;153:106758.  
doi:10.1016/j.ypmed.2021.106758

10. Diaz MC, Kierstead EC, Edwards D, et al. Online 
Tobacco Advertising and Current Chew, Dip, Snuff and 
Snus Use among Youth and Young Adults, 2018-2019. 
Int J Environ Res Public Health. 2022;19(8):4786.  
doi:10.3390/ijerph19084786

11. Donaldson SI, Dormanesh A, Perez C, Majmundar A, 
Allem JP. Association Between Exposure to Tobacco 
Content on Social Media and Tobacco Use: A Systematic 
Review and Meta-analysis. JAMA Pediatr. 2022:e222223. 
doi:10.1001/jamapediatrics.2022.2223

12. Ilakkuvan V, Johnson A, Villanti AC, Evans WD, Turner 
M. Patterns of Social Media Use and Their Relationship 
to Health Risks Among Young Adults. J Adolesc Health. 
2019;64(2):158-164. doi:10.1016/j.jadohealth.2018.06.025

13. Royal College of Physicians. Smoking and health 2021: 
a coming of age for tobacco control? Royal College of 
Physicians; 2021. Accessed July 22, 2022. https://www.
rcplondon.ac.uk/projects/outputs/smoking-and-health-
2021-coming-age-tobacco-control

14. Dolcini MM, Adler NE, Lee P, Bauman KE. An assessment 
of the validity of adolescent self-reported smoking 
using three biological indicators. Nicotine Tob Res. 
2003;5(4):473-483. Accessed July 22, 2022. https://
pubmed.ncbi.nlm.nih.gov/12959785/



Short Report
Tobacco Induced Diseases 

Tob. Induc. Dis. 2022;20(October):83
https://doi.org/10.18332/tid/152321

6

ACKNOWLEDGEMENTS
This manuscript is available as a pre-print on MedRxiv (https://doi.org/1
0.1101/2022.05.26.22275632).

CONFLICTS OF INTEREST 
The authors have each completed and submitted an ICMJE form for 
disclosure of potential conflicts of interest. The authors declare that 
they have no competing interests, financial or otherwise, related to the 
current work. F.T. Filippidis and A.A. Laverty report that in the past 36 
months they received personal payment (consulting fees) from World 
Health Organization to contribute to a systematic review on health 
effects of Electronic Nicotine Delivery Systems. N.S. Hopkinson reports 
that in the past 36 months he was Chair of Action on Smoking and 
Health, where A.A. Laverty is a Trustee. 

FUNDING
This study was funded by a grant from Cancer Research UK (CRUK 
PPRCTAGPJT\100005).

ETHICAL APPROVAL AND INFORMED CONSENT
Ethical approval and informed consent were not required for this study.

DATA AVAILABILITY
The data supporting this research are available from the 
following source: beta.ukdataservice.ac.uk/datacatalogue/series/
series?id=2000031.

AUTHORS’ CONTRIBUTIONS
CV had full access to all of the data and takes responsibility for the 
integrity of the data and the accuracy of the data analysis. Study 
concept and design was by AAL and CV.  All authors were involved in 
the interpretation of data, drafting of the manuscript and revising it for 
critical intellectual content.

PROVENANCE AND PEER REVIEW
Not commissioned; externally peer reviewed.


