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Abstract

Background: Whilst prevalence of youth smoking in middle and high income countries has decreased, inequality
has prevailed. The introduction of legislation regulating tobacco use in public spaces varies across countries, impact-
ing the tobacco control context. Thus reviewing our knowledge of how social networks may influence smoking differ-
ently within different contexts is required to facilitate the development of context-specific interventions.

Methods: The search, conducted on 31st May 2019, included the following smoking-related terms; schools, ado-
lescents, peers and social networks. Inclusion and exclusion criteria were applied throughout the title and abstract
screening and full text screening. Quality assessment and synthesis followed. Studies were narratively synthesised
to identify changes according to legislative context. This synthesis was conducted separately for findings relating to
three categories: socioeconomic status; social selection and influence; and network position.

Results: Thirty studies were included. Differences in the relationship between network characteristics and smoking
according to socioeconomic status were measured in five out of fifteen studies in Europe. Results varied across stud-
ies, with differences in network characteristics and their association with smoking varying both between schools of a
differing and those of a similar socioeconomic composition. For studies conducted both before and after the intro-
duction of comprehensive smoking legislation, the evidence for selection processes was more consistent than influ-
ence, which varied according to reciprocity. Findings showed that isolates were more likely to smoke and in-degree
and out-degree centrality were related to smoking both before and after the introduction of legislation. The relation-
ship between popularity and smoking was contingent on school level smoking prevalence in studies conducted
before the introduction of legislation, but not after.

Conclusions: Overall, effects according to socioeconomic status were underreported in the included studies and
no consistent evidence of change after the introduction of a comprehensive smoking ban was observed. Further
network analyses are required using more recent data to obtain a comprehensive understanding of how network
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Background

In most high-income countries, smoking prevalence is at
an all time low among young people. The Health Behav-
iour in School Aged Children study found that an average
of 3% of 11year olds and 11% of 13 year olds in European
countries and Canada reported ever smoking in 2018,
which reduced from 5 and 15% in 2014, respectively
[1]. Despite this, smoking uptake remains a major pub-
lic health concern internationally [2], with much adult
smoking beginning in adolescence [3]. Moreover, whilst
prevalence of smoking in middle and high income coun-
tries has decreased, inequality has prevailed [4], with
prevalence decreasing less rapidly among disadvantaged
groups [5]. In addition to this, whilst encouraged by the
World Health Organization’s Framework Convention on
Tobacco Control [6], legislation regulating tobacco use in
public spaces varies across countries in terms of whether
it has been introduced, when it was introduced and the
level of coverage. This has an impact on the legal tobacco
control context, as well as the political and sociocultural
contexts [7] within each country and, therefore, the prev-
alence of and inequalities in smoking.

Social networks can be defined as connections between
individuals or groups and the social structure that this
creates can be measured empirically [8]. The link between
peer network effects and adolescent tobacco smoking [9]
and the influence of complex systems, such as schools, on
tobacco smoking [10, 11] have been succesfully investi-
gated within previous research employing social network
analysis. Network effects can occur through social selec-
tion, social influence, homophily and network position.
Social influence refers to the level to which an individu-
al's smoking behaviour is directly or indirectly influenced
by their peers’ behaviour and/or attitudes, whereas social
selection refers to an individual choosing friends accord-
ing to whether they smoke or not. In this case smoking
may initially drive friendship formation, before being
reinforced through these friendships [12]. Homophily is
defined as the extent to which individuals are similar to
each other [13] and network position describes an indi-
vidual’s position within a network, such as their level of
popularity (centrality) [14], isolation or group (clique)
membership [15]. A clique is an exclusive group of peo-
ple who share interests, views, purposes, or patterns of

behaviour. A liaison is a person who bridges communica-
tions between two or more groups. Isolates are those who
do not actively participate in cliques or friendship groups
[15]. Peer group structure refers to the regularised pat-
terns of interactions among adolescents in a social sys-
tem, such as density (the total number, compared to the
total possible number of relationships in a network) [8].
These interactions characterise three major peer-defined
social positions available to adolescents: clique member,
liaison, and isolate. These are particularly pertinent for
adolescent smoking, due to the increased importance
of peer compared to parental approval among this age
group [16]. A glossary of social network terms is pro-
vided in Additional file 1.

A systematic review by Seo & Huang [12] found that
isolates were significantly more likely to smoke than
clique members and that social selection was found to
contribute more than social influence to subsequent ado-
lescent smoking. However, to date reviews have not taken
into account contextual issues, such as the legislative
context in which the data were collected, and whether
network effects may differ according to socioeconomic
context.

Simulation models have estimated that intervention
effects on smoking uptake can differ between schools,
with effects moderated by school level smoking preva-
lence [17]. This suggests that it is plausible for the mecha-
nisms by which social networks may influence smoking
uptake in schools may differ according to school-level
socioeconomic status (SES). This is contrary to previ-
ous research which has assumed these mechanisms, and
the tendency for ‘popular’ students to be smokers, to be
consistent across different settings [18]. This is particu-
larly pertinent in light of the increasingly comprehensive
tobacco control action in some countries over the past
decade, which has accelerated overall denormalisation
of smoking at the macro-systemic level, whilst inequality
has prevailed [19].

However, a recent simulation study found that struc-
tural characteristics of a network, such as density and
degree centrality, influenced the diffusion of network
interventions, as well as their level of effectiveness [20].
Despite this, whilst intervention evaluations and designs
are conducted within varied school and socioeconomic
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contexts, they do not tend to address these differential
processes and outcomes [21].

In summary, reviewing our knowledge of how social
networks may influence smoking differently within dif-
ferent contexts is required to facilitate the development
of context-specific interventions.

Within this review the main focus will be upon
the socioeconomic and legal context [7]. This review
addresses the following research questions:

+ What are the associations between school-based
social networks and smoking/attitudes towards
smoking among adolescents?

— To what extent and how do these associations vary
by SES, between countries, and over time?

— To what extent and how do these associations vary
according to the proximity of the introduction of
comprehensive smoking legislation at the time of
data collection?

Methods

This review is reported in accordance with the reporting
guidance the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) statement [22].
The review is registered with the International Prospec-
tive Register of Systematic Reviews (PROSPERO) (reg-
istration number: CRD42019137358) and the review
protocol has been published in Systematic Reviews [23].
Quantitative and qualitative searches were conducted
in parallel. This paper reports the results of quantitative
review, whilst a further publication will follow to com-
bine the quantitative and qualitative results. The infor-
mation sources, search strategy and eligibility criteria
were based on and extend those of Seo and Huang in
their previous 2012 review [12].

Information sources and search strategy

The search strategy included terms relating to smok-
ing, schools, adolescents, peers and social networks and
searched a variety of relevant databases and secondary
sources. A glossary of social network terms is included
in Additional file 1 and the Medline search strategy is
included in Additional file 2. Further details on the data-
bases searched are available in the review protocol [23].

Eligibility criteria

Studies were included in the review if they met the fol-
lowing criteria. Papers which collected data from 1997
onwards, comprised secondary school students (age
11-18years), school staff, parents or other education
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professionals, and focused on the whole population, or
students of a low SES. Studies focused on special popula-
tions, such as those with special educational needs, were
excluded. No language or geographical limits were set,
but comparisons were made within the analyses accord-
ing to whether the data were collected before or after the
introduction of comprehensive smoking legislation, in
each respective country, covering bans on smoking in all
work places and public places, including restaurants and
bars.

The search criteria have been guided by the Population
Exposure Comparator Outcome (PECO) framework [24].
Further details are provided in the review protocol [23].

Screening, selection and data extraction

Two researchers (HL & HR) independently screened
the titles and abstracts, followed by the full texts of each
identified study using the inclusion and exclusion crite-
ria. Discrepancies were resolved by a third researcher
(GJMT). Data were then extracted, with authors con-
tacted directly to request any information, such as the
date of data collection, that was not reported. Extracted
data for each study is included in Additional file 4 and
further details of this process are available within the
review protocol [23].

Risk of bias (quality) assessment

Risk of bias assessment was undertaken independently
for all included studies by two researchers (HL and HR).
Discrepancies were resolved by a third reviewer before
finalising quality assessments for papers (GJMT). Further
details of the risk of bias assessment are reported within
the review protocol [23].

Synthesis

Studies were grouped according to both a priori defined
groupings and those that emerged inductively as the data
were analysed. These included the focus of network stud-
ies and whether data collection was conducted before or
after the introduction of comprehensive tobacco control
legislation, as a marker of the level of smoking normalisa-
tion. This synthesis was conducted separately for findings
relating to three categories: socioeconomic status; social
selection and influence; and network position. Due to the
nature of social network data, whereby the parameters in
network models are often specific to each study, a meta-
analysis was not undertaken.

Results

Study selection

The search identified 5950 records from databases, while
45 additional records were identified from other sources.
After a comprehensive screening process, detailed in the
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PRISMA flowchart (Fig. 1), 30 studies were included in
the systematic review.

Study characteristics
All study characteristics are displayed in Tables 1 and 2.

Context

Studies were categorised according whether data were
collected before or after the introduction of compre-
hensive legislation banning smoking in all public indoor
spaces, including bars and restaurants in the context
being studied. Twenty one of the studies included in this
review collected data before such legislation was intro-
duced, whilst nine studies were conducted after. Nine
European countries, the United States of America, one
Central American and one South American country were
represented.

Study design

Nineteen studies employed a longitudinal design, whilst
nine employed a cross-sectional design. The number of
schools in the included studies ranged from one to 51.

Page 4 of 22

Social network methods

Studies used a variety of social network methods. Twelve
employed Stochastic Actor-Oriented Model (SAOM).
This method is interchangeably referred to as both Sto-
chastic Actor-Based Models (SABM) and Stochastic
Actor-Oriented Models (SAOM) in the literature. To
avoid confusion, SAOM will be used consistently in the
text to describe this method. SAOMs are longitudinal,
actor-oriented modelling methods which were conceived
in 1996 [54], but not used within the social network and
adolescent smoking literature until 2009. This means that
many studies have retrospectively analysed older datasets
using this method. Other analyses employed regression
modelling [4], multilevel modelling [3], structural equa-
tion modelling [3], exponential random graph modelling
[1], chi-squared [1] and longitudinal modelling [5]. One
study solely visualised networks using the Kamada-Kawai
algorithm.

Risk of bias (quality) assessment

Overall, five studies were rated low, 19 studies were rated
medium, and six studies were rated high quality. Details
of the quality assessment are outlined in Additional file 3.

Records identified through
database searching
(n=5950 )

(n =45 )43 theses, 2 reference

Additional records identified
through other sources

(n=4114 )

Records after duplicates removed

A 4

(n=4114 )

Records screened

Records excluded
(n=3960 )

A 4

(n=153)

Full-text articles assessed
for eligibility

Full-text articles excluded,
> with reasons
(n=123;

l

Population did not fit
inclusion criteria= 11, wrong
outcome= 35,

(n=30)

Studies included in
quantitative synthesis

Wrong study design= 29,
wrong date= 35,
Wrong publication type=8,
Record unobtainable= 4,
Date of data collection

Fig. 1 PRISMA flow diagram

unknown=1 )




Page 5 of 22

:142

(2022) 22

Littlecott et al. BMC Public Health

2ouanyul pue
U0132335 [1D0S

oouSNyUI pue
Uond3|as [e120S

2ouanyul pue
Uo11233s [e1D0S

‘swisjueydaw
UOI1D39S dAIL

-eullje 1o}

Huljjonuod

3|lym ‘apelb

|OOYDS swes

Syl uiyum

ERVENIIN]

Spually pue

uond3|es diys

-pusLy paiefal

-bupjows

wnipsyy ENWEYe]]
‘sabueyd
Bupjows uo
uono3[3sIP
pue diyspually
|edoudidal-uou
pue [eo>oidai
JIeIRVIIIBETEN
pue aduanyul
4O uonNgLIUOd
oyiads syl
wnipapyy ENWEYe]]
Buows

uo diyspusiy
|e0ididal-uou
pue |esoididal
10} UONDD3S
pue aduanyul
JO 123y aYd

wnipay Qullexs o

(NOV'S) [9POW
pajuaLIQ 1010y
JseYd0IS

W3S

(N39)
Buijjspoyy uon
-enb3 jeinidnng

VN3IS

L'y sndw

|y snidw

[euipnubuo

[euipnbuo’

[euipnbuo’

uleds

NN ‘lebniiod
‘spuepisyisN
‘puejuly
“lewus(g

SpuelayIaN

HEIEMEN

ysiueds |z
9N ¥ '9s96n)
-10d 8 'y7ng
6 Uysiuug | |
‘Ysiued /1

Y0LL

9881

9881

€1 Uea 8661

€l=cl 8661

€l-cl 8661

[£2] (96000)
019 U

[97] (e600T)
N RERVENDIET]

(v453) sishjeuy
Jlomauwlel4
uonuandld
Buows
ueadoing

[zl (£000)
ARERVENBIEI]

K10633e0
sisayiuhs

juauwissosse
Ayjenp wiy

siskjeuy

pasn
aiemyjos

ubisap Apnis

Anuno>

sjooyds
Jo 1I3quInN

syuedpnied
Jo JaquinN

aby

sansuRIRYd JURdDIIIRY

uo[3d9]|0d
e)ep JO Jea

1eak

pueioyiny  Apnis.iabieq

S3IPN1S PapPN|DU JO SDIISpRIDRIRYD) L dqel



Page 6 of 22

:142

(2022) 22

Littlecott et al. BMC Public Health

uonIsod }IoMmIsN
‘snyels
J]WOU0I30[205

uonisod suomiaN
'snieis
2IWOU0D3010S

uonisod pomiaN
‘9dusnyul pue
Uo[123)35 81205

2duUaNyuI pue
UoND3|2s 1205

1X3)U0D
01 buipiodoe

1241p asn

2ouURISqNS pue
SaINSEaW HIOM

19U U9aMIq

MOT  suoneposse oQ

salel
Bupjows 12aje
saduUaNyul

pue $31N1oNI3s

J199d Jayraym

MOT  21eblIsaAul O]

diyspuaiy
|ed0ididal-uou
pue [e>oidai
10} Bupjows
uo sass9001d
uond9as pue
2oUaN|ul JO
yibuais sayx
Ul S90USID)
-JIp Jopusb
ybiH QUIWEXd O]

diyspuaty
|edoudidal-uou

pue [e>oidpdais

J1oJ Bupjous

uo sassanoid
uond3as pue
2oUSN|UI JO

yibuans syy

ybiH aulwexs o)

uols

-sa1621 d3sibo AdODIAN

(S101IRADINW
10U) onel 4 SSdS
puelsa1zx  ‘0SY AJOOIN

WOVS VYN3IS

NOVS VN3IS

[PUOND35-5501)

|PUOI1D95-SS0ID)

[euipnbuo

[euipnybuo]

pueIOdS 6

puepods z

puejuly 6

puejuly Ll

6/£€

dn-mo||o} /0¥
'aul|aseq 68y

€91l

9cel

Sl-€l

Sl-€l

9l-¢l

9l-€l

100¢

100¢

8661

8661

[1€1(9002)
‘|19 UosIedy

Apnis (SIHL)
[0€] (9000) $j00YdS Ul
‘e3194suUIn]  YijesH sbeuss|

[62] (90102)

BEREIVENRIET]

[821 (eOL0OD)

[ERENENDIEIN]

K106331e>
sisayiuis

JudWIssasse
Ayjenp wiy

pasn

sisjeuy a1emyos

ubisap Apnis

sjooyds
40 13quInN

sjuedpiied
Jo JIaquinyN

aby

Anuno>

sonsuseIeyd Juedpdiled

uo[}d3||0d
e)ep JO e\

1eak

pueioyiny  Apnis.iabieq

(PanupuOd) | 3jqey



Page 7 of 22

:142

(2022) 22

Littlecott et al. BMC Public Health

ooudNYUI pue
uond33s [B120S

2duUaNyuI pue
UoN3I3s [B1D0S

uonIsod IoMmIsN

2duanyul pue
Uo132335 [e1D0S

2duanyul pue
UoN3I3s [B1D0S

[VIelieEIEN

pue aduanyul

J199d uo Jspusb

4O 12942 a3

ybiH  e=1webnsanul o]

-bupjows
uo sJa119q Jaad
JIORRENEE

wnipapy ENIWENCYeT

uol1e|os|
AjeinonJed

‘Bupjows uo
[SEETIENIIIYNEN]

063 pue sjoym

wnipay QUIWEX3 O
swn

JaA0 abueyd
sassadoid
2dUSN|UI puUB
Uo11039s paseq
Bupjows moy
ybiH aujwexs of

Bupows pue
2IN1DN1IS HIOM
-12U Usamiaq
ul) buunsesw
Ul Agvs 01
sayoeoldde Jus
-J9JIP JO SYNSaI

wnipapy asedwod o]

WOVS VYN3IS

WOVS VN3IS

(1)
S|9poW K10}
-dafel] uaie

anissaibasoiny  payidads 10N

WOVS VN3IS

WOVS VN3IS

[eurpnbuo’

[euipnyibuo’

leuipnyibuo’

Jeuipnyibuo’

[euipnyibuo’

(emoy) SN

(emoy) vsn

(emoy) vsn

AN

AN

SUISIP
|00Yds /7

S1OSIP
[(elelValY:I4

L

SEL6 61/81-€l

SABM yOes

1009 Ueay 61/81-€l

208’1 L 61/81-€l

dn-mojjo} 7191
‘suljaseq //91 y1=Cl

dn-mojjo4 585
‘suljeseq 965 9l-tl

00¢

00¢

00¢

100¢

100¢

[9g] (8107)
1B 313 UBJIADI

[s¢€]
(9107) uebey

(43dSOYd)
EREITTEN]
ERVEIVVEReS
sdiysiaulied
ANSIDAIUN
-Aunwiwo)
RISEEN
Bupowoid

[v€] (£100)
‘|e 32 puejpdod

[e€l (€100
e 39 UDYDIBN

Apns sjooyds
u| bupjows
dois v -ISISSY

[cel (z102)
‘e 19 Y1615

K10631e>
sisayiuis

JudWIssasse
Ayjenp wiy

pasn

sisjeuy a1emyos

ubisap Apnis

Anuno)

sjooyds
J0 13quInN

syuedpnied
J0 JaquInN aby

sonsusdeIRyd JURdDdIMIEY

uo[323||0d
e)ep JO e\

1eak

pueioyiny  Apnis.iabieq

(panupuOd) | 3jqey



Page 8 of 22

:142

(2022) 22

Littlecott et al. BMC Public Health

sdnoib
199d a|qels
1o bujbueyd
01 uoneal
ul bupiows
aduaNyul pue u sabueyd [L¥] (0102)
uono9|es [ePos UbIH [ulwexa o NOVS VN3ISY [euipnybuoT puejuiy 6 6Lyl 81-Gl S00¢ ‘B39 nUNy
pupows
UO UOIIeSI[en0s
pue uonda|
-359p 'UOID3|RS
2duLNul pue JO 1092 ay1 (O1wspede § [ov] (£100) |euonesnp3
UoIId3|3S [RID0S UbiH  e1ebnsaaul o NOVS VYNIIS  [eupnubuo] puejul4  |RUOIEIOAY) 6 61l L1-S1 ¥00T e12Ae1e@  ysiuul4) NpINI4
asnqe
dduelsgns Jo} (W1SH) /M
1X9JUOD puUB  S|9POIA Jeaul] sjooyds ybiy
SpoMIBU 19ad pazijelauss NTH 1IN (euloied gL LM S|00Yds [6€1(9002)
uonIsod }IoMISN wnipaly - 21ebnsaulop [e2ly2uesRlH DN TN SYS [euipnybuoT ULON) ¥SN SppIW ¢ ¥0lS L1=1L ¢00¢ JERCRENEE!
asnqge
2oURISQNS I0) £/TM Apnis asnqy
uonisod siomiaN 1X391U0D pue (INTH) sjooyds ybiy 2dUeISgNS
9dusnjul pue SHIOMIDU JD3D  S|SPOIA YIMOID (eulosed 8L LM Sjooyds ([8€] 8007) 1US3|0PY
uono9|es [e2os wnipaly  21ebnsaaurop [e31ydIeseiy 6\ SVS [eutpnibuo] YLON) ¥SN dIppIW ¢ 6/59 1= 00T JERCREREE! JO IX91U0D
asn
2DURISANS YIM
UOI1BID0SSE S1I
pue sdnoib
199d aAIS940D
ul aAlIsod
3}IoMmiau uojssaibal (S38 SNBM [£€] W102)
uonIsod }IoMIaN wnipsiy sulwexs o) [9ASI-RININ 809 WH [euipnybuoT (emo)) ysn MO ‘eanl) /¢ 4oea1e 0056 yl-Ll 7007 e 39 poobsQ
sjooyds sjyuedpiied
JoiaquinN Jo JaquinN aby
K10631e> JUBWISSSSE pasn uondd||0d 1eak
sisayiuis Ayjenp wiy siskjeuy aiemyos  ubisap Apnis Anuno) sonsuadeIeyd uedpilied  elep Jo Jedp pueioyiny  Apnis.iabieq

(PanupuOd) | 3jqey



Page 9 of 22

:142

(2022) 22

Littlecott et al. BMC Public Health

uonisod sIomiaN

snieys
2IWOUOJ301008

snieis
2lWOU0D2201208§

2duaNyul pue
UoND3|Rs [B1D0S

2duUaNyuI pue
UoNd3|3s 1205

‘sn1eis
2IWOUOI30I205

MO

winipapy

winipapy

winipapy

winipap

Bupjows pue
2IN1DN1IS YoM
19U U9am1aq
uopeposse
ay1 Apnis o
S3s

pue bupjows
‘9duewIOpd
Jluapede
[SEEVSELe}
UO[1eID0SSe 93
91eH1159AUI O

Bujows

Ul S90UIYIP
J]WOU0I30[20S
ul sal1 [e1>0s
JleEJE
21eb1IsaAul O]

S109)J9
U0I1D3|95 10}
pununodoe
3|Iym bupows
pue sIomiau
U29MIaQ YUl
941 dUlWexa o

S35

pue bupjows
usamiq
diysuoneal
3y3 a1eIpaw
SHIOMIBU MOY
SUjWexd 0]

wyyobie
|EMEY}-BpRLLIEY|

uols
-s21621 5ns160)
[SAS-RININ

uols
521631 2151607

NOVS

WOVS

55dS
‘ojur 1d3 yaleq

€6 SYS

€6 SYS

VN3ISY

VN3ISY

|PUOI1D9S-SSOID) mc.zr_w@(

(sauunod

|PUONID35-5501) 9) adoing

(s2113UNo>
[PUONDIS-SS0ID) 9) adoing

[euipnyibuo’ SpueiayiaN

[euipnubuo] spuelayiaN

0S

0S

S8¢

SLO'LL

0901

/58

196

81—l

Ll=Pl

9l-¥l

1-€l

yl-¢l

(leuon

.uwmymmo_uv

[ov] (€100

010z le3asseniy

[sv] (6100)
c€loc BERERIETeleN]

[v¥] (£100)
€102 JERERTI ey

[ev] (#100)
800 uewsiny

[ev] (2100)
uewabbnig

8007 3 UewsinH

(susW

-l1adx3 jeinieN
woyj buiuiea
- salljenbau|
Bupiows) INTIS

Apnis
paweuun

K10631e>
sisayiuis

jusuissosse
Aujenp

wiy

siskjeuy

pasn
a1emyos

ubisap Apnis Anuno)

sjooyds
J0 13quInN

syuedpnied
J0 JaquInN

aby

sonsusdeIRyd JURdDdIMIEY

uo[323||0d 1eak
e)ep JO e\ pue joyiny

Apms 1abieq

(panupuOd) | 3jqey



Page 10 of 22

:142

(2022) 22

Littlecott et al. BMC Public Health

oouINyUI pue
uondaRs [B120S

uopIsod sIoMIaN

2duUaNyuI pue
UoND3|3s [B1D0S

uopIsod somIaN

2duanyul pue
UoN3I3s [B1D0S

Bupjows

pue uoleibau|

|e120s 21eb

wnipsyy -1saAUl O]

Bupows

uo Ayijeliuad

JO 10942 91

MO 21eblSaAul O
sjulodawil omy

J19A0 Bupjows
1Udds3|0pe

uo 3duUdNYUI

pue UONJ33S

Jo yabuans
EUNEEIETN

wnipay 91en|eAs o)
asn

90UBISgNS Uo
sodusNyul Joad

pue sJsps1oe

-1eyd [enpiAipul

40 Aejdisul ayy

MO 21ebNSaAul O]

Yiomiau jo
sadA1 1ualayip

$S0J2e Buows

pusuy pue bul

S{OWS JU3DS

-Ope U9am1aq

UOIIeIDOSSE JY1

wnipapy asedwod of

WTH

uoIssalbal
onsibo| pue
paJenbs 1y

W3S

uols
-sa1b631 dsibo

(SWOY3)
Slopon ydein
wopuey
[enusuodx3y

SYS  [eUOI1D95-5501D)

eles
'SSdS ‘01T
[PERINEIN] [euipnyibuo’

T39S
pue ele1s leuipnybuoT

€1215 | INIDN  [eUOND3S-SS01D)

payPads 10N [BUONDRS-SSOID

(v vsn 7l

ODIXaN |

(V1 vsn 9

(v vsn L

(v vsn S

(P10
sieakgl-7|

168 9%L6) LZ—CL

dn-mojjo} 66¢
‘auljeseq 98 61-5l

dn-mojjo} 088
aul[25eq 096 | €l-1L

81 yl-cl

021 91-G1

00¢

€00C

100¢

cloc

0l0c

[19]
(€102) useA
3 UOHET

[05]
(¢l07)le1e
ZILQ-Zalludey

[6¥] (£007)
1US[EA 3 [[eH

[871(5102)
‘(e 19 1915104

[/v) (€100)
[CREEMEIE

K106331e>
sisayiuis

JudWIssasse
Ayjenp wiy

siskjeuy

pasn
aiemyos  ubisap Apnis

sjooyds
40 13quInN

syuedpnied
JLPELITLIN] aby

Anuno>

sonsuseIeyd Juedpdiled

uo[}d3||0d
e)ep JO e\

1eak
pueioyiny  Apnis.iabieq

(PanupuOd) | 3jqey



Page 11 of 22

:142

(2022) 22

Littlecott et al. BMC Public Health

35N UmMo

S1UIS3|0pR
Uuo uonoeIUI
J19Y) pue asn

2dUeISgNS
J19ad ‘uonisod
Jiomiau Jo
12999yl S[9POI Jeaur] [€s]1(0102)
uonisod siomiaN wnipaly  21ebnssAul o SEHIIENED) 13N4  [eUOID35-5501D (stoul|) vsn | €91 L-11 /661 KIUSH g Snqoy
Bupjows pue
uonisod som uols
-1au ‘fiueindod  -sa16a1 213s160] [81] (5007)
uonisod }1omsN wnipsly - 21ebnsaul o [9AS-INA paYy1Dads 10N [euipnibuoT (v vsn 9l 9871 -0l 100C B 19 3USJA
asn aduels
-qns 4o} 10108}
¥SlI B Se 9AIDS
ued pay||-||om
Buiag layiaym (3semyrioN [2s1(9102)
uonIsod }1oMIaN wnipaly - 21ebnsaulop NOVS VN3ISY [euipnybuoT yied) SN 8 68¢CL yl-Ll 000C [e 32 uizky uep
sjooyds sjyuedpiied
JoiaquinN Jo JaquinN aby
K10631e> JUBWISSSSE pasn uondd||0d 1eak
sisayiuis Ayjenp wiy siskjeuy aiemyos  ubisap Apnis Anuno) sonsuadeIeyd uedpilied  elep Jo Jedp pueioyiny  Apnis.iabieq

(panupuOd) | 3jqey



Page 12 of 22

:142

(2022) 22

Littlecott et al. BMC Public Health

900¢ puejuly

900¢ puejuly

ueq aAIsuay21dwod

ON ‘(eutjoJed U1OoN) SN

ueq aAIsuay21dwod
ON ‘(eutjoIed Y1OoN) SN

800¢ (eMO) VSN

800¢ (eMO) VSN

800 (BMO]) ¥SN

8007 (BMO]) ¥SN

£002-900C
3N ‘s9ep pue puejbu3

£00¢-900C
SN ‘sa[ep pue puejbu

9007 YN ‘PueRodS

(s1eak | —) 210499

(s1eakz—) 210499

210499

210499

(sieakg—) 210499

(sieakg—) 21049

(s1eakg—) 21029

(s1eakg—) a104og

(s1eakg 01 G—) 210499

(s1e2k9 01 G—) a10jog

(s1eak g—) aiojog

Aouanbauy bupows

Kouanbaiy
Buyows pue bupjows JaA3

Kouanbauy bupjows

Aouanbauy bupjows

Adouanbaiy bupows

AKouanbayy

bupjows pue buijouls 1A
Bupjows

1noge sya1[aq pue Aduanbaly
Bupjows pue bupjows 13

Kouanbaiy
Bupjows pue bupjows 13

AKouanbauy
bupjows pue buijows Jan3

Aouanbaiy
Bupjows pue bupjows a3

Aouanbauy
Bupjows pue buows JaA3

dnoub Jeak jooyds

dnoub Jeak jooyds

dnoib 1eak jooyds

dnoib 1eak jooyds

dnoib 1eak jooyds

dnoib 1eak jooyds

dnoib 1eak jooyds

dnoib 1eak jooyds

dnoib 1eak jooyds

dnoib 1eak jooyds

|O0YDS Y3 aPIsUl SPUSLY UO
$95N204 SisA|eue Inq 1eapun

spusuy
93141 01 dn 1eUIWION

spually
921431 01 dn 1eUIWION

SpusL) 9L 01 dn 31eUIWON

SpuaLlj 8AY 01 dn 91eUIWION
SpusLly

[PUONIPPE SAY PUE SPUSLY
159G OM] 01 dn 21eUIWON
SpusaLy

U9A3s 01 dn 91_UIWION

spusiy

UaA3s 01 dn 31 UILON
sj00Yyds

pue sdnoub Jeak 1ayio ul
aAeY A3y SpuUaLL 50D
Auew moy 1oday ‘spustly
U3A3S 0} dn S1BUIWON

SPUaLY XIS 0} dN S1RUILION|

SPUSLY XIS 0} dN 31RUIWION|

SpuaLy XIs 01 dn 91eUILION

V/N

uonesnpa
[e3uaied 23] [enplAipu|

V/N

uonesnpa
|eyuased 23] [enplAlpul

V/N

V/N

V/N

JUSWNAUS [eaw

|OOUDS 9314 {[9A3] [00YDS
JUSWS[US [ [00YDS
991J 19A3] |00YDS ‘2[ES 9OUD
-NIPY Ajiuted 1[3A3] [enpIAIpU
JUSWS[IUS [ESW [00YDS
931) :|9A9] [00YDS ‘9]edS 9duUd
-NIPY A|IWded ;93] [enpIAIpU|
ueIb bul

-y1op e joadiedai ul sjidnd
Jo uonJodoud :|pA3| [00YDS

[17]1(0102) 1213 nunty

[ov] (£107) e 18 Aejag

[6€1(9007) '|e 19 19U

[8€] (8007) '[e 19 33Uu3

[£€] (710T) ‘| 12 poobsO

[9€1 (8107) '[e 19 ueliAPN

[S€] (9107) uebey

[¥€] (£107) '[e 3@ puejadod

[£€1 (Z107) 1 19 UpIBN

[2€] (2 10T) '[e 32 Y2165

[1€]1(9007) ‘|2 12 UOSIead

(suonisuel|
[eUonEINP3 ysiuuld) NPINIS

Apnis asnqy 2oueIsgng
1UDDS3|OPY JO IX3IUOD

(43dSO¥d)

sdiysiauiied Alsiaaiun-A1u
-NWIWOD-|00ydS Bunowoid

Apnys sjooyds
ul buptows dois v - SISy

Adusnbaij  |00YDs sy SpIsul SpUSLY UO Apnis (SIHL)
9007 YN ‘pPuepods (sleakg—)aio@g  Dupjows pue BUOWS J9AT  SISND0Y SIsAjeue Ing Jesjpun SpUaLY XIS 01 dn 91eUILION /N [0€] (9007) ‘[ 32 Jauin|. S|00YdS Ul yijeaH abeuas|
|00YDs 2pISINO
9007 pue|ul4 (s1eak /—) 2iogog Jo1neyaq Buiyows Ay JO/pUB 3pISUl SPUBL{  SPUBLY 9AL 0} dn S1eUIWON V/N [62] (Q010T) ‘|2 12 Uiy
|00YdS 2pISINO
9007 puejul4 (sieak /—) 21049 JoIneyaq buiyows Ay 10/puUe 3pIsUl SpUSl4  SPUSLY 9AY 01 dn S1eUILION V/N [82] (eOLOT) ‘| 12 uxdIay
£00¢ (puejbu3)
3N 2002 [eBN1Od ‘'800T Spue|
-I3YISN ‘9007 puejul4 ‘Ueq |00Y2S SpISINO
9AIsUSYaIdWod ou “ylewuad (910W JO SieRAg—) 310Jog Joineyaq buiyows Ay JO/pUB 3pISUl SPULI{  SpUBLY 3AY 0} dn S1eUIWON /N [£2] (G6007) e 12 UDISN
|00YDS SPISINO
8007 SPUBHIYISN (s1eakp—) 2i04og Jo1AeYaq Bupows Ao JO/pUe 3pISul SPULI{  SPUBL 3AL 0} dn S1eulWON V/N [92] (e6007) '[© 12 U1\ (VIS
|00YDS SpISINO SISA[euy }IoMawel4 uol
8007 SpuUBaYyIaN (s1eakp—) 2i04og eyag bujows ApRapm JO/pUB 3pISUl SPULI{  SPUdL 3AL 0 dn a1eulWON /N [S71 (£007) |2 312 UMDY -UdA3ld Bupjows ueadoing
ueq
Bupjows aAisusyasdwod
ueq bupjows JO uondNposUl IB}ye ainseaw

Jo 1eak pue A13uno)

/310§3q pa1dNPUo)

ainseaw bupjows

K1epunoq yiomiaN

21nseaw }40M13U [e1205

SNjejls JIWouU0d301D0S

1eaf pue joyiny

Apns 1abae

S3IPNIS PaPN|DUL 10 1XSIU0D dAIR|SID3] BuOWS pue sainseaw Jo s|ielad g ajqeL



Page 13 of 22

:142

(2022) 22

Littlecott et al. BMC Public Health

800¢ (Stoul]|) ¥sN
8661 (V1) VSN
(s00¢

uo1bUIysep) ‘6007 UobaIO
‘ueq aAIsUSYa1dwod ou

oyep| 1S3MULON dYided) SN

8661 (V1) VSN

(ueq
SAISU3Y21dW0d OU) ODIX3N

8661 (V1) VSN

8661 (V1) vSN

8661 (V1) VSN

€107 eunuabiy

(£00¢ [eBnuIOd

"800 SPUBIRLIRN ‘S00¢

Aley ‘200z Auewias ‘8007
puejul4 ‘L Loz wniblag) adoing

(£00¢ [eBn1IOd

'800Z SPUeHaLIRN ‘S007
Aje1l'£007 Auewias ‘800z
puejul4 ‘L L0z wniblag) adoing

(s1eak | | —) a10jog

(s1eak € +) Jayy

(ueq aAIsusyaidwod
ou pue 6— 'G—) 210499
(s1eak9 +) Jayy

alojag

(s1eak € +) 1ayy

(s1eaky| +) Yy

(s1eakz | +) Jayy

(s1eak ¢—) aiojog

(s1eakg + 01 7 +) Jayy

(sJeakg+ 01 7 +) Jayy

Aouanbaiy bupows

Aujigndsosns
Bupjows pue buyows JaA3

Kouanbaiy
Bupows yruow 1sed

Kouanbaiy

Bupows yruow 1sed
bupjows

1U31IND pue BuBows J9A]

uonua1ul
Bupjows pue buows JaA3

Bunjows
awayl| bulNseaw swail §

uonualul pue Aouanbaly
Bupjows ‘Bujouls 1aA3

AKouanbauy
Bupjows pue buiyows JaA3

Aouanbaiy bupjows

9ouapuadap
2Un0dIU pue Aduanbayy
Bupjows ‘Bujouls 1aA3

sdnoub 1eak |jooyds ¢

woolsse|)

dnoib 1eak jooyds

woolsse|)

|00YS 3OUM

woolsse|D
|ooyDs doyM
papunoqun

pue dnoib 1eak jooyds

‘wooisse|d Ag papunoq
‘Ssowll) € pa1s|dwod

|00YS 3OUYM

sdnoub 1eak [0oyds om |

sdnoub 1eak |0oyds om|

SpU3Lly 9 01 dn S1RUILION|

SspusLly
153502 G 01 dn d1eujWoN

dnoib e ul
9Q 01 31| P|NOM A3y} Oym
SPUSLY PAUWI|UN S1BUILION

spusu}
153 G 01 dn S1LUIWION
Spually 9 01 dn SRUILION

Spuallj G 0} dn d1eUIWION

spually
1599 G 01 dn a1eulWOoN

SspusLly
1599 / 01 dn a1eulwoN

Spualy 0| 03 dn a1eulWoN

SpU3Lly G 01 dn S1RUILION

Spualj G 01 dn S1eulWON

V/N

V/N

V/N

V/N

V/N

asnoy

Ul SWOOJ JO J3qWnuU pue
AUDIUYLL |9A3)] [ENPIAIPU|
aWodul pjoyasnoy
UeIPaW :[9A3] [BNPIAIPU|

youn| 231
10 PIONPAI :[9A3| [ENPIAIPU|

V/N

uoneosnps
[eauased :3A3] [eNPIAIPU

diysiaumo Buisnoy

pue sniels bupyiom [eyusied
‘Sn1els |e1dos aAldfgns
‘9duan|ye Ajiwiey ‘uonednpa
[eIuated :[9A3] [enpIAIpU|

[€51(0107) A1uaH 18 SNqOY

[81](S007) '[e 12 @1u3eA

[2S1(9102) '[e 12 UizAy UeA
[16] (Z107) @3usjeA 3 UOe]

[09]
(2107) ‘e 12 ZIQ-Zallwey

[6v] (£007) @1U3[eA 3 |[eH

[87] (S107) 12 12 1915104

[£7] (€107) ' 19 21U9jeA
(|eUOII35-5501D)
[ov] (107) '[e 32 Isse|niy

[St] (6107) e 32 Maq0Y

[¥i] (£107) ‘e 12 1ueIOT]

(s3uswiadxy
|einieN wolj mc_r:mwg -
sanijenbaul Bubows) INTIS

Auenb
8007 SPUBaYIaN 3y Jeak awes pue A>uanbayj buows dnoib 1eak jooyds Spualy G| 03 dn 21eulWoN /N [€¥] (7107) upWSINH
2dA1 jooyds
Ayuenb {|9A3] |00YDS ‘UoedINpPa [ev] (2102)
8007 SPUBAYISN YL 13k swes pue Aduanbaly bujows dnoib ueak jooyds  spualy G| 01 dn 1eulwoN |eauaied [9A3] [ENPIAIPU] uewab6nIg 9 ueWSINH Apnis paweuun
ueq

ueq bunjows
Jo Jeak pue A13uno)

ows dAIsuayasdwod
4O uondNPoOIUL JB)E
/310J3q pa1dNpUO)

ainseaw Bbupjows

K1epunoq 3i0m1dN

2INSeaW }I0MI3U [RID0S

ainseaw
SN}ejs DIWou0d3301>0S

Jeaf pue joyiny

Apnms Jabie

(Panunuod) z 3jqeyL



Littlecott et al. BMC Public Health (2022) 22:142

Focus of included studies

The network characteristics measured and associated
with adolescent smoking varied across studies. Pupil
level characteristics included centrality (popularity),
homophily (i.e. level of similarity between alters of
characteristics, such as gender or socioeconomic sta-
tus) and isolation. Social level characteristics included
best friend smoking, peer beliefs, social selection,
social influence, gang-affiliated friends, peer pressure
and transitive triad membership. System level char-
acteristics included school-level smoking prevalence,
density and time with friends outside of school. The
key findings are reported in Figs. 2, 3 and 4 for socio-
economic status; selection and influence; and network
position. Results are placed along a timeline showing
their placement by date and presence of a smoking
ban.

Findings focused on socioeconomic status

Differences in the relationship between network charac-
teristics and smoking according to SES were measured in
five out of fifteen studies in Europe. No studies outside
of Europe considered differences according to SES. Out
of the studies focused on SES, two collected data prior to
the introduction of a comprehensive smoking ban [30, 31]
and three after [42, 44, 45].

Page 14 of 22

Socioeconomic status

Studies conducted before the introduction

of a comprehensive smoking ban

The two studies conducted before the introduction of
a comprehensive smoking ban were rated as low qual-
ity and provided evidence that the association between
smoking rates and network position varied between
schools of differing SES composition [30]. Variance was
also observed between schools of similar socioeconomic
composition [31].

One study found that the link between network posi-
tion and smoking varied between two schools of a low
socioeconomic composition [30]. Within both schools,
isolates and dyads were more likely to be smokers. How-
ever, one school observed no difference for popularity,
whilst the other observed that no popular students were
smokers [30]. Another study compared effects between
eight schools of a low and high SES finding that popu-
lar students attending more affluent schools were more
likely to smoke [31].

Socioeconomic status

Studies conducted after the introduction of a comprehensive
smoking ban

Studies conducted after the introduction of a compre-
hensive smoking ban were rated as medium quality and
showed that individuals from a lower socioeconomic

2001

SOCIOECONOMIC STATUS 2002 2003 2004

2005

2006 2007 2008 2009 2010 2011 2012 2013

Homophily as a mechanism of 44-45
0 perpetuating inequalities and
friendships linked to smoking and
academic outcomes

Homophily as a mechanism of 44-45
O perpetuating inequalities and
friendships linked to smoking and
academic outcomes

Homophily as a mechanism of 44-45
O perpetuating inequalities and
friendships linked to smoking and
academic outcomes

NETHERLANDS

PORTUGAL

Association between smoking 30-31
rates and network position

varied both between schools of
differing and of similar SES

UK: SCOTLAND

Fig.2 Summary of study findings relating to socioeconomic status according to year of publication and country. Vertical white lines represent
the introduction of a comprehensive smoking ban in each country. Numbers, — 1, 0 or 1, to the left of each set of results refer to the study quality
ratings of low, medium and high, respectively. Superscript numbers reference the study that each set of results refer to

Homophily as a mechanism of 44-45
perpetuating inequalities and
friendships linked to smoking and
academic outcomes
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SELECTION & INFLUENCE 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 NA

7
O selection important. No 27

evidence of influence

] Selection and deselection 40-41
important. No evidence of
influence.

1 selection and influence26,28 O selection and 27

important, regardless influence important.
of reciprocity

i
_

i Gh ) i - _

UK: ENGLAND

evidence of infl influence important

1 selection and 32-33
influence important

UK: WALES

0-1 selection and ok

influence important

0 selectionand 49
influence important

(O Selection important for 51
smoking behavior, influence
for susceptibility

O Association 47
between friendship
and smoking

UNITED STATES

Superscript numbers reference the study that each set of results refer to

NORTH CAROLINA |

Fig. 3 Summary of study findings relating to selection and influence according to year of publication and country. Vertical white lines represent
the introduction of a comprehensive smoking ban in each country. -1, 0 or 1 refer to the quality ratings of low, medium and high, respectively.

background were more likely to smoke [44, 45]. It was
also demonstrated that homophily on the basis of SES
may be a mechanism for perpetuating inequalities in
smoking, through higher exposure to friends and families
from a lower socioeconomic background, who are more
likely to smoke [44]. In addition, one study found that
friendships were related to smoking which may in turn
be linked to academic outcomes, with those who smoke
more likely to achieve lower academic outcomes [45].

A further study in the Netherlands in 2008, which was
conducted in the same year as the introduction of com-
prehensive smoking legislation and rated as medium
quality, focused on differences between students’ edu-
cational track [42]. Findings showed that differences in
smoking prevalence according to educational track were
largely mediated by the percentage of friends who smoke
and friend influence and selection.

Socioeconomic status: summary

Overall, students from a lower SES background were more
likely to smoke and to be exposed to others’ smoking. Vari-
ance in network characteristics and their association with
smoking varied both between schools of differing and those

of similar socioeconomic composition. Differences in find-
ings before and after the introduction of a comprehensive
smoking ban were not evident within the available data.

Overall findings

Social selection and influence

Sixteen studies focused on selection and influence, with 12
of these conducted before and four of these conducted after
the introduction of a comprehensive smoking ban. Figure 3
shows the key findings for selection and influence on a
timeline according to which country/region they originate
from and when data were collected in relation to the intro-
duction of comprehensive smoking legislation (represented
by the white, vertical lines). Where the white vertical line is
placed under NA (Not Applicable), this demonstrates that
there is no current comprehensive smoking legislation in
place. All studies measuring selection and influence were
given the rating of either medium or high quality.

Social selection and influence

Studies conducted before the introduction

of a comprehensive smoking ban

Studies conducted before the introduction of a compre-
hensive smoking ban consistently found evidence for
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1997 1998

POPULARITY 1999 2000 2001 2002 2003

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 NA

Out-degree dyads & 29
Isolates f smoking.

EUROPE

Isolates & dyads = smoking. 30-31
-1 Varied by school-level prevalence.
No effect of out-degree.

UK: SCOTLAND

( 'solates more ikely to smoke. Stronger 53
influence of peer use on likelihood of
smoking for isolates and liaisons

0-1

smoking.

Lower in-degree and out- 34,37
degree ¥ smoking vs isolates

Popularity associated with 18
smoking, regardless of school-
level prevalence.

1 Higher out-degree ¥ Smoking. 4g|
Gang -affiliated friends
4 smoking.

UNITED STATES

1 Popularity not associated 52
with smoking.

PACIFIC NORTHWEST: WASHINGTON

MEXICO

LATIN AMERICA

introduction of a comprehensive smoking ban in each country.
Superscript numbers reference the study that each set of results refer to

NORTH CAROLINA I
PACIFIC NORTHWEST: IDAHO I

ARGENTINA -

Mixed findings for out- and in- degree. 52
High in-degree predicted future smoking,

out-degree was protective.

Fig. 4 Summary of study findings relating to network position according to year of publication and country. Vertical white lines represent the
-1,0 or 1 refer to the quality ratings of low, medium and high, respectively.

both selection and influence, although these varied by
reciprocity and analysis method [25, 26, 28, 29, 32, 33,
35, 36, 38]. Only two studies from Finland [40, 41], both
rated as high quality, and a cross-country comparison
of six European countries [27], rated as medium qual-
ity, produced contrary results.

Five studies analysed data from the European Smok-
ing Prevention Framework Analysis (ESFA). Four stud-
ies analysed data collected in the Netherlands [25, 26],
rated medium quality, and Finland [28, 29], rated high
quality, in 1998. Findings varied by analysis method.
For example, studies that employed Stochastic Actor-
Oriented Models the found that smoking similarity
selection and influence were important for both recip-
rocal and non-reciprocal friendships [28, 29], whereas
findings for influence varied according to reciprocity
in studies employing structural equations modelling.
A further study looked across six European countries;
Denmark, Portugal, Spain, the Netherlands, Finland
and the UK. Findings from this study demonstrated
smoking similarity selection processes were stronger
than influence processes. All six countries showed evi-
dence of selection, but evidence of influence was only
found in Finland and the Netherlands [27].

Four further studies employed Stochastic Actor-Ori-
ented Models using data from two separate studies. The
A Stop Smoking In Schools Trial (ASSIST) [32, 33], rated
high and medium quality respectively, and the PROSPER
Partnership Model [35, 36], rated high and medium qual-
ity. All studies found positive and significant relation-
ships between smoking and both influence and smoking
similarity selection.

A further study, rated medium quality, accounted for
interactions outside of school using hierarchical growth
models on data from the Context of Adolescent Sub-
stance Use Study in the US. They found that the likeli-
hood of smoking relating to friends’ smoking increased
with higher interactions outside of school and as school-
level smoking prevalence increased [38].

In contrast to the results above, two studies analysed
FINedu data from Finland using actor oriented models
[40, 41]. Both found evidence of peer smoking similarity
selection and deselection, whereby individuals decide to
no longer be friends with those who do not match their
smoking behaviour, but not influence. Selection effects
were strongest within low smoking groups, whereas
smoking-similarity deselection effects were strongest
among high smoking groups.
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Social selection and influence

Studies conducted after the introduction of a comprehensive
smoking ban

Studies conducted after the introduction of a comprehen-
sive smoking ban were mixed. One study, rated medium
quality, observed both effects of selection of smokers as
friends and influence [49]. Although influence was more
nuanced according to reciprocity, with those who had
been identified as friends by smokers, but who did not
reciprocate, being less likely to smoke. A further study
by Lakon and Valente [51], rated medium quality, also
found that the selection of smoker friends directly influ-
enced later smoking behaviour, yet found more nuanced
findings for influence. Findings showed that influence
processes may indirectly affect smoking susceptibility
through shaping the peer environment [51]. The other
two studies by Huisman, rated medium quality, employed
SAOMs using the same dataset and observed smoking
similarity selection effects, but evidence of social influ-
ence was mixed [42, 43]. Huisman & Bruggeman [42]
found evidence of social influence, whilst Huisman [43]
found no evidence for the influence of friends’ smoking
behaviour, but did observe positive influence effects for
friends’ attitudes towards smoking [43].

A further study, rated medium quality, employed
ERGMs to measure associations rather than selection
or influence, finding evidence to support the association
between friendship with smokers and an increased likeli-
hood of individual smoking [47].

Social selection and influence: summary

In summary, for studies conducted both before and after
the introduction of comprehensive smoking legislation,
the evidence for selection processes was more consistent
than influence, which varied according to reciprocity.

Network position

Fourteen studies focused on network position, with 12
of these conducted before and two of these conducted
after the introduction of a comprehensive smoking ban.
Figure 4 shows the key findings for network position on
a timeline according to which country/region they origi-
nate from and when data were collected in relation to the
introduction of comprehensive smoking legislation (rep-
resented by the white, vertical lines).

Network position

Studies conducted before the introduction

of a comprehensive smoking ban

Studies conducted before the introduction of a compre-
hensive smoking ban that measured popularity showed
mixed findings. Five studies identified isolates [29, 31,
37, 39], two rated medium, one high and one low quality,
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whilst one identified liaisons [53], rated medium quality,
as those students most likely to smoke. A further study
found that the positive association between measured
peer cigarette use and an individuals’ likelihood to smoke
was stronger for isolates and members, whilst the posi-
tive association between perceived peer use and an indi-
viduals’ likelihood to smoke was stronger for members of
cliques [53].

Five studies found in-degree centrality (popularity
relating to the number of people who have nominated
each individual as a friend) to be related to smoking [34,
41, 50], rated high, medium and low. One study broke
this down by school type according to low and high
smoking prevalence, and found that the school with a
high smoking prevalence showed no difference, whereas
in the school with a low smoking prevalence, popular
students were less likely to be smokers [30]. This study
was rated low quality. Three studies related out-degree
centrality (popularity relating to the number of people
nominated as a friend by each individual) to smoking [29,
34], with one showing it to have a protective effect [50].
Whilst two studies found no association with smoking
and out-degree centrality [31, 41].

In contrast three studies did not find an association
between popularity and smoking, instead finding evi-
dence of a link between homophily [46, 52], rated low
and medium quality, prevalence [38, 52] and between-
ness centrality [38].

Network position

Studies conducted after the introduction of a comprehensive
smoking ban

For the two studies conducted after the introduction of
a comprehensive smoking ban, one found an association
between in-degree centrality (popularity) and smoking,
whilst the other identified out-degree centrality to have a
protective effect against smoking.

Valente [18] used multi-level logistic regression to
investigate the link between in-degree, classroom-based
popularity, network position and smoking, in Cali-
fornia, US, this study was rated medium quality. They
found that popular students were more likely to smoke
and to be susceptible to smoking and that this was
found within schools with both a low and high smok-
ing prevalence. Betweenness centrality, closeness and
integration were also associated with an increased like-
lihood of smoking. When measuring out-degree cen-
trality, individuals who named more friends were less
likely to smoke.

Forster et al. [48] used data from the US, finding that
those with higher out-degree were less likely to smoke
tobacco, whereas those with gang-affiliated friends were
more likely to, this study was rated low quality.
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Network position: summary

In summary, isolates were more likely to smoke and
both in-degree and out-degree centrality were related
to smoking both before and after the introduction of
comprehensive smoking legislation. Findings relating to
popularity varied according to temporal context, with the
relationship between popularity and smoking contingent
on school level smoking prevalence in studies conducted
before the introduction of comprehensive smoking legis-
lation, but not after.

Discussion

This paper presented a comprehensive review of the lit-
erature on social network mechanisms relating to ado-
lescent smoking, and how the findings varied according
to country, time and the introduction of comprehensive
national tobacco policies.

Socioeconomic status

Overall, findings showed that effects according to SES
are underreported in studies investigating school-based
social networks and their influence on smoking. The
finding that popular students from more affluent schools
were more likely to smoke [31] contrasts with what
would be expected from previous findings, where schools
with a higher smoking prevalence are more likely to have
a lower socioeconomic composition [55, 56]. Alexan-
der et al. [56] found that popularity significantly inter-
acted with school level smoking prevalence in relation
to adolescent smoking, with popular students less likely
to smoke in schools with a low prevalence. Moreover,
Fletcher & Bonell [55] hypothesised that the processes
through which substance use diffuses through peer net-
works differ between schools of varying SES. Within a
more affluent case study school, the authors describe a
marginalisation of more deprived students from school
culture, leading to formation of counter-school sub-cul-
tures. Within a more deprived case study school how-
ever, mainstream school peer culture was framed more
strongly around substance use. This study sets up a plau-
sible, but as yet untested, hypothesis that could be applied
to smoking. Findings from the study which analysed
separately by academic and vocational tracks within the
same schools [42] were more in line with this, whereby
smoking was more acceptable and mainstream behaviour
within the vocational, compared to academic, track. This
suggests that the network effects occurring as a result of
being segregated may perpetuate inequalities in smoking
prevalence. Indeed, students on the vocational track have
been shown to have a higher smoking prevalence and an
awareness among students of lower future prospects [57].
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In order to more fully explore this hypothesis, further
research must make use of SNA in a greater number of
schools, so that we can identify generalisable trends.

It is also highly important to investigate other net-
work-related dimensions of difference alongside SES.
For example, network effects may operate in a different
manner according to whether they have relatively sta-
ble or transient populations [58]. This is in line with the
findings from the current review which revealed differ-
ing results both between schools of varied and schools of
a similar socioeconomic composition [30, 31]. Further,
findings showed that students from a lower SES were
more exposed to smoking and therefore more likely to
smoke, in poorer communities where smoking remains
normalised at the ‘meso-level’ [44, 45]. This is supported
by previous intervention research. For example, in 2001
A Stop Smoking In Schools Trial (ASSIST) harnessed
peer influence to prevent smoking. Findings showed
a higher level of intervention effectiveness in schools
with a higher number of students from a lower socio-
economic background, more stable populations within
close-knit communities, higher smoking rates and higher
social network density (actual number of ties in rela-
tion to potential ties) [58]. Further research is required
using more recent data to understand how peer influence
mechanisms differ between school contexts [7]. The find-
ing within the current review that differences before and
after the introduction of a comprehensive smoking ban
were not evident, may have been due to the heterogeneity
of study designs and definition and measurement of SES
across these two categories as well as the higher level of
quality attributed to the later studies.

Social selection and influence

For studies conducted both before and after the intro-
duction of comprehensive smoking legislation, the evi-
dence for selection processes was more consistent than
influence, which varied according to whether this was
measured for reciprocal or non-reciprocal ties [25, 26, 28,
29, 32, 33, 35, 36, 38, 51]. This may suggest that smok-
ing-related selection and deselection play a key role in
friendship formation within the school setting and, thus,
in harnessing peer influence to prevent or stop smok-
ing. This aligns with previous research showing that peer
groups have an impact on smoking behaviour with more
consistent evidence of social selection over social influ-
ence [12, 59].

Findings showed consistent evidence for social influ-
ence before, but mixed findings after the introduction
of comprehensive smoking legislation. Thus, in line with
previous evidence from ASSIST [58], suggesting social
influence on adolescent smoking may be weaker within
a context where smoking is denormalised. Data from the
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Finedu study, collected in 2004 [40] and 2005 [41] before
the introduction of a comprehensive smoking ban, found
evidence of selection, but not influence. This may be due
to these data being collected in Finland, where laws out-
lining strict smoking restrictions were put in place in
1995. This was not categorised as a comprehensive smok-
ing ban for the purpose of this review as legislation did
not include bars and restaurants until 2007. This may
indicate stronger anti-smoking norms in this country at
the time of data collection compared with the other stud-
ies conducted before the introduction of a comprehen-
sive smoking ban [60].

Within this review no change over time was observed
in studies measuring selection and influence, despite
smoking becoming increasingly denormalised within
most western countries throughout the time period of
data collected by included studies, 1997 onwards [6].
This may be attributed to a lack of studies which focus on
more recent data.

Network position

Many studies within this review found that isolates were
more likely to smoke. This is consistent with a previous
systematic review [12], which found isolates were more
likely to smoke and with previous research, which has
consistently demonstrated an association between loneli-
ness and smoking [61]. However, this sits in contrast to
both the literature reviewed in this review and previous
research findings outlined above, demonstrating more
consistent evidence of social selection over social influ-
ence on smoking [59].

The current review showed the relationship between
popularity and smoking to be contingent on school level
smoking prevalence in studies conducted before the
introduction of comprehensive smoking legislation, but
not after. These later studies contrast with previous evi-
dence on the determinants of adolescent smoking which
show smoking to be a key determinant of popularity [51,
56] and which has assumed these mechanisms, and the
tendency for ‘popular’ students to be smokers, to be con-
sistent across different settings [18]. This demonstrates
the importance of further interrogating and understand-
ing social network processes over and above the deter-
minants of smoking and analysing how these results
may differ according to school context [62]. In addition,
the finding in the current review that later studies did
not observe differences according to popularity may be
in part due to the denormalisation of smoking after the
introduction of comprehensive smoking legislation [2],
thus reducing the incentive to smoke in order to engage
in an activity which is perceived as ‘cool’ and or socially
normative.
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Strengths and limitations

Strengths of this review include the conduct of a com-
prehensive search of the published and grey literature, as
well as the combination of studies with differing methods
of SNA, samples and contexts. Whilst it was a challenge
to synthesise and compare across studies, it allowed for
the inclusion of a wider range of studies and provided a
richer understanding of the existing literature.

Only two studies outside of Europe of the United States
were eligible for inclusion within this review, suggesting
that further research is required to understand social net-
work processes within a wider variety of countries. Both
studies that were conducted in Central or South America
were conducted at a later date, but were still conducted
prior to the introduction of a smoking ban, in a context
where smoking was more normalised [46, 50].

Studies varied widely according to how they defined
smoking status. Thus, these differences were not
accounted for within the review as making direct com-
parisons between such studies was challenging.

The latest date of data collection of studies in this
review was 2013, and most countries introduced com-
prehensive smoking bans between 2005 and 2008. Most
studies analysed data collected before the introduction
of a comprehensive smoking ban, making it difficult to
compare across contexts and, whilst methodological
advances have occurred, they have mainly been used to
reanalyse older data sets rather than providing greater
insight into more recent contexts. Rather, the absence
of this data was an important finding in itself. This may
indicate that a longer period of study is required before
significant changes can be observed in the social network
processes that are associated with smoking among ado-
lescents. This is consistent with complex systems think-
ing whereby it takes years for new practices to embed
within a system and emergent phenomena can appear
years later as a result of multiple factors interacting over
time [10, 63]. Further to this, very few studies focused on
measuring the relationship between network effects and
smoking according to SES.

Conclusions

Overall, effects according to SES were underreported in
the included studies. In studies that did measure SES,
variance in network characteristics and position and
their association with smoking varied both between
schools of a differing and those of a similar socioeco-
nomic composition. No consistent evidence of change
after the introduction of a comprehensive smoking
ban was observed. Conclusions can be drawn from
this review whilst ensuring that contextual factors,
such as disparate methods, focus and population, are
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taken into account. The main conclusion is the impor-
tance of analysing differences according to SES at the
organisational- and individual-level as well taking into
account other contextual differences, such as school-
level smoking prevalence. Results indicate that inter-
ventions would benefit from being designed to allow for
adaptation according to context, with further research
required to investigate what type of adaptation may
increase effectiveness interventions within both differ-
ing and similar socioeconomic contexts [62].

Further network analyses are required utilising more
recent data and clearly reporting differential effects.
This would help to obtain a comprehensive understand-
ing of how network processes may influence smoking
differently according to SES after the introduction of a
comprehensive smoking ban, and how adaptation could
be used to enhance intervention effectiveness. In addi-
tion, the forthcoming sister review of qualitative find-
ings focused on SES and peers and their relationship to
adolescent smoking will help to obtain a greater insight
into the context surrounding the role of peers and SES
in adolescent smoking [23].
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