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Abstract  

Introduction:  Tobacco  use  disorder  (TUD)  is  shaped  by  pharmacological  and  neuropsychological  mechanisms,  with  growing

 evidence  implicating  attachment  strategies  and  emotion  regulation  in  its  onset  and  maintenance.  A  hallmark  of  TUD  is

 attentional  bias  (AB),  in  which  smoking-related  cues  disproportionately  capture  attention,  indicating  alterations  in  cognitive

 control  processes.  However,  research  on  AB  in  TUD  has  largely  overlooked  the  role  of  attachment  strategies.
 

Methods:  In  this  obser  vational  case–control  study,  110  healthy  Italian  university  students  (62  people  who  smoke,  48  partici-

 pants  who  do  not  smoke)  completed  the  Fagerström  Test  for  Nicotine  Dependence  and  the  Attachment  Style  Questionnaire

 and  performed  an  eye  -tracking  task  .  Each  trial  presented  a  prime  image  (neutral  or  threatening  ),  followed  by  a  choice  between

 smoking-  and  care  -related  images  displayed  side  by  side.  AB  indices  included  relative  fixation  time,  fixation  count,  and  gaze

 points.
 

Results:  People  who  smoke  exhibited  reduced  AB  toward  care  cues  regardless  of  emotional  priming,  with  no  prime  -related

 changes  in  gaze  behavior.  AB  indices  for  care  -  and  smoking-related  images  were  determined  by  smoking  status  rather  than

 the  preceding  image.  Regression  analyses  showed  that  avoidant  and  dismissing  attachment  styles  significantly  predicted  AB

 indices,  along  with  group  status.  Among  people  who  smoke,  nicotine  dependence  predicted  relative  fixation  time  only.
 

Conclusions:  AB  toward  smoking  cues  is  influenced  not  only  by  smoking  status  but  also  by  individual  attachment  patterns.

 These  findings  support  evidence  that  attention  and  choice  can  dissociate:  primes  may  affect  decisions  without  altering  gaze.

 The  results  highlight  the  importance  of  integrating  socio-affective  factors  into  research  on  drug-related  AB.
 

Implications:  This  study  introduces  a  novel  eye  -tracking  paradigm  that  contrasts  smoking-related  cues  with  care  related

 (rather  than  neutral)  stimuli,  offering  a  more  ecologically  valid  approach  to  investigating  attentional  bias  in  people  who  smoke.

 By  priming  participants  with  emotionally  valenced  images  and  analyzing  gaze  patterns  across  competing  salient  stimuli,

 we  demonstrate  that  attentional  bias  is  modulated  not  only  by  nicotine  dependence  but  also  by  individual  differences  in

 attachment-related  constructs.  These  findings  underscore  the  relevance  of  socio-affective  factors  in  addiction  research  and

 support  the  utility  of  emotion-  and  attachment-sensitive  protocols  for  uncovering  the  complex  mechanisms  underlying  cue

 reactivity  in  addiction.
 

Keywords nicotine  dependence,  attachment  theor  y,  emotion  regulation,  e  ye,  tracking  
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Introduction  
Tobacco  use  disorder  (TUD)  is  a  complex  condition  that  ,  beyond

 nicotine’s  (NIC’s)  addictive  properties, 1 involves  neuropsycholog-

 ical,  socio  -affective,  and  environmental  factors,  contributing  to

 the  initiation  and  maintenance  of  smoking  behavior. 2  ,  3 Among

 the  cognitive  mechanisms  implicated  in  this  process,  attentional

 bias  (AB;  the  preferential  allocation  of  attentional  resources  to

 substance  -related  stimuli  among  individuals  with  a  histor  y  of  sub  -

 stance  use),  plays  a  critical  role. 4 Exposure  to  smoking-related

 cues  triggers  self-reported  craving,  as  well  as  physiological  and

 neurocognitive  changes  in  people  who  smoke, 5  ,  6 with  the  magni-

 tude  of  these  responses  linked  to  the  severity  of  TUD. 7  ,  8 Notably,

 in  individuals  who  smoke  AB  and  substance  craving  exhibit  a  bidi-

 rectional  relationship,  heightened  craving  enhances  AB  toward

 substance  -related  cues,  while  greater  AB,  in  turn,  intensifies  crav-

 ing. 7 From  this  perspective,  elucidating  the  dynamics  of  AB  toward

 smoking-related  cues  may  offer  valuable  insights  for  developing

 more  effective  cessation  inter  ventions,  particularly  for  young  peo  -

 ple  who  smoke  with  limited  smoking  experience. 5  ,  9

Attachment  theor  y  provides  a  useful  framework  to  understand

 information  processing  and  attentional  biases. In  particular,

 research  has  demonstrated  a  robust  association  between  attach-

 ment  patterns  and  substance  use  disorders,  whereby  heightened

 attachment-related  distress  may  increase  the  salience  of  drug

 cues  and  bias  attention  toward  them  for  emotion  regulation  and

 perceived  security. 10  ,
 

11 In  adulthood,  individuals  often  rely  not

 only  on  physical  closeness  but  also  on  internalized,  symbolic  rep  -

 resentations  of  trusted  attachment  figures  to  maintain  emotional

 equilibrium.  Under  stress  or  in  the  absence  of  secure  attachment  ,

 this  regulator  y  strateg  y  may  be  replaced  by  substance  use  as  a

 maladaptive  means  of  recreating  an  inner  sense  of  comfort  and

 security. 10  ,
 

12 Previous  studies  have  shown  a  relationship  between

 insecure  attachment  styles  and  increased  risk  of  substance  use

 and  addiction,  possibly  as  a  maladaptive  strateg  y  to  regulate

 intense  emotions  or  unmet  attachment  needs. 13  ,
 

14 Longitudinal

 and  meta-analytic  evidence  further  demonstrate  that  insecure

 attachment  often  precedes  substance  abuse,  while  substance  use

 may further  impair  attachment  security. 11  ,
 

12

Attachment  styles  develop  through  caregivers’  availability,

 responsiveness,  and  support  ,  which  shape  internal  models  of  self

 and  others.  When  attachment  figures  are  available  and  responsive

 in  times  of  need,  they  support  the  optimal  functioning  of  the

 attachment  system,  fostering  internal  working  models  of  self

 and  others  that  are  positively  oriented. 15  ,
 

16 Conversely,  when

 attachment  figures  are  unavailable  or  unsupportive,  children

 often  develop  defensive  secondar  y  attachment  strategies,  typi-

 cally  expressed  as  either  hyperactivation  or  deactivation  of  the

 attachment  system. 17 Individuals  high  in  attachment  anxiety

 often  employ  hyperactivating  strategies,  showing  heightened

 vigilance  toward  attachment  figures  and  persistent  efforts  to

 elicit  care.  While  these  behaviors  may  temporarily  secure  atten-

 tion,  they  often  reinforce  anxiety  and  dependenc  y.  In  contrast  ,

 individuals  with  high  attachment  avoidance  use  deactivating

 strategies,  minimizing  attachment  needs  and  avoiding  intimac  y

 through  emotional,  cognitive,  and  physical  distancing,  a  process

 Bowlby 16 termed  “defensive  exclusion.”  Research  shows  that

 anxious  individuals  focus  attention  on  attachment-related  stimuli,

 whereas  avoidant  individuals  divert  attention  from  such  cues. 18

Bailey 19 demonstrated  that  anxious  attachment  is  associated
 

with  longer  response  latenc  y  to  threatening  words  in  the  emo  -

 tional  Stroop  task  ,  suggesting  greater  difficulty  disengaging

 from  threatening  information  compared  to  individuals  with  low

 attachment  anxiety. 20 This  provides  further  evidence  of  AB  toward

 threatening  stimuli  in  anxious  attachment  . 21 By  contrast  ,  strong

 evidence  supports  the  use  of  deactivation  strategies  among

 avoidantly  attached  individuals.  Edelstein  and  Gillath 22 found  that

 avoidant  attachment  was  negatively  associated  with  attention  to

 attachment-related  words,  and  subsequent  studies  have  reported

 an  inverse  relationship  between  avoidant  attachment  and  AB

 toward  threatening  attachment-related  words. 23

Aims  and  hypotheses 

In  a  previous  study, 24 we  demonstrated  the  presence  of  a  cognitive

 bias  among  young  individuals  who  smoke,  evidenced  by  their  sig-

 nificantly  greater  selection  of  smoking-related  stimuli  compared

 to  participants  who  do  not  smoke,  accompanied  by  slower  reac-

 tion  times,  irrespective  of  the  emotional  cues  presented.  Addition-

 ally,  emotion  dysregulation  and  attachment  style  were  found  to

 be  significantly  associated  with  response  choice,  although  neither

 variable  was  related  to  response  latenc  y.  Following  up  on  these

 findings,  the  present  study  is  focused  on  the  relationship  between

 attachment-related  constructs  and  attentional  processes.
 

AB  in  people  who  smoke  has  been  investigated  using  various

 methods,  including  eye  -tracking  (ET),  which  has  proven  effective

 in  detecting  AB  across  multiple  forms  of  addiction. 25  ,
 

26 Using

 ET,  studies  have  shown  that  people  who  smoke  exhibit  longer

 fixation  durations  on  smoking-related  cues  compared  to  people

 who  do  not  smoke. 6 It  is  important  to  note  that  most  studies

 presented  drug-related  cues  alongside  neutral  cues  to  determine

 whether  the  former  acted  as  an  attentional  sink  .  However,  TUD

 is  also  shaped  by  other  factors,  including  emotional  processes

 and  psychological  constructs. 27  ,
 

28 A  s  these  variables  can  impact

 participants’  responses  independently  of  their  direct  association

 with  the  drug,  it  is  essential  to  account  for  their  potential

 effects.  29  ,
 

30 To  our  knowledge,  no  other  studies  have  investigated

 the  AB  to  smoke  -related  cues  in  people  who  smoke  and  people

 who  do  not  smoke  using  only  non-neutral  stimuli.  To  address  this

 gap,  in  this  study,  we  leveraged  a  basic  psychological  construct

 (the  prioritization  of  care  -seeking  under  negative  emotional

 conditions),  to  evaluate  its  modulation  in  individuals  who  smoke

 when  only  a  drug-related  cue  was  available.  According  to  the

 attachment  theor  y,  the  attachment  system  is  activated  under

 conditions  of  perceived  threat  or  distress,  motivating  regulator  y

 strategies  aimed  at  restoring  psychological  security. 16 Exposure  to

 threatening  images  may  therefore  indirectly  activate  attachment-

 related  processes  insofar  as  such  stimuli  elicit  negative  affect  and

 threat  appraisal,  subsequently  shaping  AB  toward  cues  associated

 with  comfort  or  regulation. 31  ,
 

32

Participants  were  primed  using  images  of  var  ying  emotional

 valence  (neutral  or  threatening  )  and  then  given  the  option  to

 choose  between  two  side  -by-side  images  depicting  smoking-

 related  and  care  -related  cues. ET  was  used  to  record  gaze

 characteristics  on  each  image,  which  were  analyzed  alongside

 pen-and-paper  measures  of  attachment  behavior.  In  this  study,

 we  aimed  to  focus  specifically  on  the  relationship  between

 attachment-related  constructs  and  attentional  processes,  as

 behavioral  responses  have  already  been  examined  in  our  previous

 related  studies, 24 where  young  people  who  smoke  showed  a
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cognitive  bias,  selecting  smoking-related  stimuli  more  frequently

 and  responding  more  slowly  than  participants  who  do  not

 smoke,  independent  of  emotional  cues.  In  the  present  study,

 we  ask  :  Does  AB  emerge  when  individuals  who  smoke  are

 presented  with  two  highly  salient  images,  one  depicting  care

 and  the  other  smoking,  after  exposure  to  a  neutral  or  threatening

 prime?  Is  AB  consistently  directed  toward  the  substance,  or  can

 exposure  to  a  caring  stimulus  mitigate  this  effect  via  attachment-

 related  regulator  y  mechanisms?  If  so,  how  do  attachment-related

 constructs  influence  AB  in  both  people  who  smoke  and  people

 who  do  not  smoke? 

Given  that  the  presence/absence  of  TUD  differentiates  the

 two  populations  under  study,  we  expect  that  people  who

 smoke  (despite  the  moderate  NIC  addiction  levels)  will  generally

 exhibit  greater  AB  to  smoking-related  cues  than  participants

 who  do  not  smoke  and  that  this  bias  will  be  associated  with

 NIC  dependenc  y.  Further,  we  hypothesize  that  differences  in

 attachment  dimensions  will  predict  AB  to  smoking-related  cues

 above  NIC  dependenc  y.
 

Methods 

Study  characteristics 

Obser  vational  case–control  study.  Questionnaire  scoring  and  ET

 data  analysis  were  conducted  by  staff  who  were  blinded  to  the

 participants’  experimental  group.
 

Sample  recruitment 

One  hundred  and  ten  healthy  volunteers  were  recruited  from  the

 local  university  population  and  assigned  to  either  the  people  who

 smoke  (PWS)  or  people  who  do  not  smoke  (PWDNS)  group  based

 on  their  self-reported  smoking  status.  Participants  in  the  PWS

 group  had  a  baseline  expired  CO  greater  than  6  ppm  (iCOquit

 breath  test  CO  monitor)  and  were  asked  not  to  make  any  changes

 to  their  smoking  habits. 33 Participants  in  the  PWDNS  group

 reported  that  they  had  never  engaged  in  smoking.  None  of  the

 participants  had  a  histor  y  of,  or  current  symptoms  of,  neurological

 or  psychiatric  disorders,  nor  did  they  report  recent  or  current

 use  of  psychoactive  drugs  or  electronic  cigarettes.  Participants

 were  native  Italian  speakers  with  normal  or  corrected-to  -normal

 vision.  No  form  of  payment  was  given.  An  informed  written

 consent  was  obtained  prior  to  study  entr  y.  All  experimental

 procedures  were  approved  by  the  ethics  committee  (UniCa,  ID

 n.  0062572)  and  conducted  in  accordance  with  the  Declaration  of

 Helsinki. 

Psychological  measures  

Fagerström  Test  for  Nicotine  Dependence,  Italian
 version 

NIC  dependence  related  to  cigarette  smoking  was  evaluated  using

 the  Fagerström  Test  for  Nicotine  Dependence,  Italian  version

 (FTND).  34 This  self-administered,  seven-item  questionnaire  is

 designed  to  provide  an  ordinal  measure  of  NIC  dependence

 related  to  tobacco  smoking.  FTND  score  ranges  from  0  to  10  points

 and  encompasses  five  categories:  ver  y  low  dependence  (0–2);  low

 (3–4);  mid-high  (5–6);  high  (7–8);  and  ver  y  high  (9–10).
 

Attachment  Style  Questionnaire,  Italian  version 

The  Attachment  Style  Questionnaire,  Italian  version  (ASQ)  is

 a  40-item  Likert-type  self-report  questionnaire 35 developed  to

 assess  five  dimensions  of  adult  attachment  . 36  ,
 

37 The  constructs

 measured  by  the  ASQ  are:  “Confidence”  (8  items),  which  refers  to

 an  attitude  of  trust  toward  the  significant  others  (characteristics

 of  a  secure  attachment);  “Discomfort  with  Closeness”  (10  items),

 reflecting  the  difficulty  to  trust  others  and  to  have  them  depend  on

 self,  and  “Preoccupation  with  Relationships”  (8  items),  indicating

 the  need  of  persistently  being  close  to  the  significant  other,  cor-

 respond  to  Hazan  and  Shaver’s 37 conceptualization  of  avoidant

 attachment  and  anxious/ambivalent  attachment  ,  respectively;

 “Need  for  Approval”  (7  items),  indicating  the  necessity  for

 acceptance  and  confirmation  from  others,  and  “Relationships

 as  Secondar  y”  (7  items),  reflecting  a  positive  representation

 of  self  and  complete  distrust  of  others,  are  consistent  with

 Bartholomew’s  36 characterization  of  the  fearful/preoccupied

 and  dismissing  attachment  ,  respectively.  Items  are  measured

 on  a  6-point  Likert  scale,  ranging  from  “1”  (strongly  disagree)

 to  “6”  (strongly  agree).  For  sake  of  clarity,  the  ASQ  subscales

 labels  will  be  replaced  with  their  corresponding  attachment

 dimensions  throughout  the  manuscript  (eg,  “Discomfort  with

 Closeness”  →  “Avoidant”).
 

Experimental  procedure 

Visual  stimuli  

One  hundred  and  eighty  images  were  selected  from  the  following

 databases  to  ser  ve  as  priming  or  target  images.  For  emotional

 stimulation,  the  International  Affective  Picture  System  (IAPS)

 was  utilized. 38 Forty  IAPS  pictures  were  selected  to  represent

 threatening  (eg,  accidents,  human  attacks)  and  neutral  (eg,

 domestic  objects)  conditions  ( Appendix  A).  The  40  pictures  had

 mean  valence  ratings  of  2.52  (SD  =  0.64)  for  the  threatening

 condition  and  5.11  (SD  =  0.32)  for  the  neutral  condition,  and  mean

 arousal  ratings  of  6.62  (SD  =  0.41)  and  2.91  (SD  =  0.68)  for  the

 threatening  and  neutral  conditions,  respectively.  Valence  and

 arousal  ratings  differed  significantly  between  the  two  conditions,

 with  F  (1,  38)  =  264  for  valence  and  F  (1,  38)  =  438  for  arousal. 38

Forty  images  from  the  Besançon  Affective  Picture  Set–Adult

 (BAPS  -Adult 39),  depicting  comfort-related  scenarios  involving

 care  (eg,  an  adult  comforts  an  infant  in  distress),  were  used

 (Appendix  A).  Two  random  sets  of  20  images  each  were  created:

 one  for  the  threatening  condition  and  one  for  the  neutral

 condition.  According  to  Szymanska  et  al., 39 the  mean  ratings

 of  perceived  comfort  ,  valence,  and  arousal  were  consistent

 across  both  sets.  The  two  lists  did  not  significantly  differ  in  any

 dimension. 

Forty  images  were  selected  from  the  SmoCuDa  database 40

and  included  smoking  paraphernalia  (eg,  cigarettes,  ashtrays),

 as  well  as  images  depicting  individuals  who  smoke,  presented  in

 approximately  equal  proportions  (40%  and  60%,  respectively).

 No  smoking-related  images  showing  social  interactions  were

 selected.  Selected  pictures  were  randomly  divided  into  two  lists  of

 20  items:  one  for  the  neutral  condition  and  one  for  the  threatening

 condition  (Appendix  A).  Content  was  consistently  balanced  for

 valence  or  arousal  ratings.  The  two  lists  did  not  significantly  differ

 in  any  dimension.
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For  the  20  filler  trials,  60  neutral  pictures  (20  priming  and  40

 choices)  were  selected  from  the  IAPS  (Appendix  A).
 

Eye  -tracking  

A  portable,  monocular  ET  headset  (Pupil  Labs  GmbH)  was  used

 to  capture  gaze  data,  featuring  a  200  Hz  eye  camera  and  a  120  Hz

 world  camera  for  recording  the  visual  scene.
 

Pupil  Capture  software  (version  3.4,  Pupil  Labs  GmbH)  was  used

 for  calibration  and  recording.  Pupil  Player  software  (version  3.4,

 Pupil  Labs  GmbH)  was  employed  to  review  ET  recordings  for

 quality  assessment  and  to  define  surfaces  for  data  extraction.

 Raw  data  from  individual  surfaces  were  processed  using  a  custom

 Python  3  script  .
 

Experimental  task  

Participants  sat  in  a  quiet  ,  dimly  lit  room  on  a  chair  with  a  head-

 rest  ,  70  cm  from  the  screen,  to  minimize  movement  during  record-

 ings.  Visual  stimuli  were  presented  using  PsychoPy3  2024.2  soft-

 ware  on  a  17 ′′   LCD  monitor  (75-Hz  refresh  rate),  with  images  occu-

 pying  approximately  40 ◦  of  the  visual  angle,  both  horizontally  and

 vertically.  Participants  were  instructed  to  focus  their  gaze  on  the

 centre  of  the  screen,  and  before  starting  the  experiment  ,  they  were

 given  the  following  instructions  (originally  in  Italian,  translated

 here  to  English):
 

You  will  be  presented  with  a  series  of  images,  some  of  which

 may  evoke  negative  emotions.  Following  each  image,  you  will

 be  asked  to  choose  between  two  options,  selecting  the  one

 you  believe  would  be  most  effective  in  helping  you  manage

 any  negative  feelings  possibly  elicited  by  the  previous  image.
 

To  choose  one  of  the  probe  images,  participants  used  a  response

 pad.
 

Participants  completed  60  trials  presented  in  random  order  :

 20  with  a  threatening  condition,  20  with  a  neutral  condition,  and

 20  filler  trials.  Each  trial  presented  four  isoluminant  images  in

 sequence:  first  ,  a  fixation  cross  at  the  center  of  the  screen  (500  ms),

 then  a  gray  screen  (300  ms),  followed  by  a  prime  image  (4  s),  and

 concluding  with  two  probe  images  shown  side  -by-side  ( Fig.  1).  The

 relative  position  (left  vs.  right)  of  the  probe  pictures  was  counter-

 balanced  within  participants;  probe  images  remained  visible  until

 a  response  was  made.  In  both  the  neutral  and  threatening  condi-

 tions,  one  of  the  probe  images  depicted  a  caring  scenario  (CARE)

 while  the  other  depicted  a  smoking-related  scenario  (SMOKE).  In

 the  filler  trials,  all  images  had  neutral  content  .  After  the  experi-

 ment  ended,  the  participants  were  asked  a  yes/no  question  asking

 if  the  stimuli  presented  elicited  a  negative  emotion,  as  an  experi-

 mental  check  . 

Participants  completed  the  questionnaires  and  under  went  the

 ET  recording  in  a  counterbalanced  way. 41

Outcome  measures  

AB.  Relative  fixation  times  (RFT)  of  CARE  and  SMOKE  target  images

 were  calculated  for  each  trial.  Aligned  to  the  methods  used  by

 Rahmani  et  al., 29 RFT  is  defined  as  the  proportion  of  time  the

 participant  fixates  on  each  probe  image  divided  by  the  total

 fixation  time.  Accordingly,  the  RFT  Attentional  Bias  Index  was

 calculated  by  subtracting  the  CARE  RFT  from  the  SMOKE  RFT:
 

RFT
 Prime  =

 (
 FixationTime

 SMOKE
TotalFixationTime

 Trial

 )
 −

 (
 FixationTime

 CARE
TotalFixationTime

 Trial

 )
 .  The  RFT

 indices  were  calculated  for  both  the  Neutral  and  Threatening

 primed  trials,  which  were  then  summed  to  compute  the  Overall

 RFT  score:  RFT
 Overall  =  ( RFT

 NeutralPrime  )  +
 (

 RFT
 ThreateningPrime

 )
 .

 Thus,  positive  values  indicate  greater  attentional  allocation

 toward  SMOKE  images  relative  to  CARE  images,  whereas  negative

 values  indicate  greater  attentional  allocation  toward  CARE  images

 relative  to  SMOKE  images.  Values  close  to  zero  indicate  no

 clear  attentional  preference  between  the  two  image  categories.

 Using  the  same  procedure,  we  calculated  the  relative  number  of

 fixations  (RNF)  and  the  relative  number  of  gaze  points  (RGP,  the

 specific  location  identified  by  the  eye  tracker  in  its  coordinate

 system)  indices. 

Statistical  analyses 

Analyses  were  performed  using  IBM  SPSS  v29.0.0.1  (IBM  Corp,

 2023),  setting  the  statistical  significance  at  the  conventional

 threshold  of  0.05.  A  priori  power  analysis  revealed  a  required

 total  N  =  84  participants  (effect  size  =  0.20,  α  =  0.05,  1-β  =  0.95)  for

 ANOVA  analysis,  and  a  required  total  N  =  94  participants  (effect

 size  =  0.20,  α  =  0.05,  1-β  =  0.90)  for  regression  analysis. 

Results 

Sample  characteristics 

Our  sample  consisted  of  62  PWS  and  48  PWDNS  (N  =  110).  The

 PWDNS  group  was  composed  of  32  female  (66.7%)  and  16  male

 (33.3%)  participants,  with  a  mean  age  of  24.5  years  (SD  =  4.29).

 The  PWS  group  was  composed  of  29  female  (46.8%)  and  33  male

 (53.2%)  participants,  with  a  mean  age  of  24.6  years  (SD  =  4.13).

 Smoking  habits  lasted  for  an  average  of  7.7  years  (SD  =  4.74),  and

 the  average  FTND  score  was  2.7  (SD  =  2.40).  Most  PWS  were  clas  -

 sified  as  having  a  Mild  (27.3%)  or  Strong  (23.6%)  level  of  NIC

 addiction;  only  six  (5.5%)  were  categorized  as  Ver  y  Strong,  and

 none  were  classified  as  having  a  low  level  of  NIC  addiction.
 

ASQ  descriptive  statistics,  reliability,  and

 group  comparisons 

The  results  showed  a  good  reliability  of  all  the  ASQ  scales

 (Secure:  α  =  .802,  Avoidant  :  α  =  .787,  Dismissing:  α  =  .778,  Fearful:

 α  =  .780,  Ambivalent  :  α  =  .692).  The  descriptive  statistics  of  the

 ASQ  for  the  two  groups  and  for  the  whole  sample  are  presented

 in  Table  1.  Moreover,  the  Pearson  correlation  coefficients  were

 computed  between  the  ASQ  subscales  for  the  whole  sample:

 all  the  correlations  were  statistically  significant  ,  with  mild  to

 moderate  strengths  ( Table  2).  A  series  of  independent-samples

 t  -tests  showed  no  significant  differences  between  groups.
 

Group  and  prime  effects  on  AB  indices 

A  repeated-measures  ANOVA  was  performed  to  assess  the  effects

 of  Prime  (Threatening  vs  Neutral)  and  Group  (PWS  vs  PWDNS)

 on  the  AB  indices  (RFT,  RNF,  RGP).  In  general,  Table  3  shows

 that  in  all  indices,  the  AB  is  more  directed  toward  CARE.  On

 the  one  hand,  results  showed  no  significant  effect  of  Prime  on

 RFT  (F  =  1.56;  df  =  1,  108;  P  =  .214;  η  p
 2

 =  .014),  RNF  (F  =  .80;  df  =  1,

 108;  P  =  .372;  η  p
 2

 =  .007),  and  RGP  (F  =  .54;  df  =  1,  108;  P  =  .465;
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Figure  1  Schematic  depiction  of  the  experimental  task  used  in  the  study,  illustrating  the  temporal  sequence  and  layout  of  the  visual  stimuli  presented

 during  each  trial.  

Table  1  Attachment  Style  Questionnaire  (ASQ)  subscales  means  and  standard  deviations  (groups  and  whole  -sample).  

ASQ  Secure
 m  (s.d.) 

ASQ  Avoidant
 m  (s.d.) 

ASQ  Dismissing
 m  (s.d.) 

ASQ  Fearful
 m  (s.d.) 

ASQ  Ambivalent
 m  (s.d.) 

PWS  31.4
 (6.75) 

40.5
 (8.80) 

15.7
 (5.18) 

20.9
 (6.72) 

28.1
 (6.76) 

PWDNS  31.0
 (6.20) 

38.4
 (7.27) 

14.7
 (6.18) 

21.3
 (7.13) 

28.4
 (5.87) 

Whole  sample 31.2
 (6.49) 

39.6
 (8.20) 

15.3
 (5.64) 

21.0
 (6.87) 

28.2
 (6.36) 

The  original  ASQ  subscale  labels  were  replaced  with  the  corresponding  attachment  dimension,  for  sake  of  clarity.  Abbreviations:  PWS,  people  who  smoke;  PWDNS,
 people who  do  not  smoke. 

Table  2  Attachment  Style  Questionnaire  (ASQ)  subscales  Pearson  correlations  (whole  -sample).  

ASQ  Secure ASQ  Avoidant ASQ  Dismissing ASQ  Fearful 

ASQ  Avoidant − 0.636  ∗∗
 

ASQ  Dismissing − 0.406  ∗∗
 0.348  ∗∗

 

ASQ  Fearful  − 0.537  ∗∗
 0.264  ∗∗

 0.204  ∗  
ASQ  Ambivalent − 0.411  ∗∗

 0.352  ∗∗
 0.194  ∗  0.466  ∗∗

 

The  original  ASQ  subscale  labels  were  replaced  with  the  corresponding  attachment  dimension,  for  sake  of  clarity.  ∗∗
 Correlation  is  significant  at  the  0.01  level  (two-

 tailed);  ∗  Correlation  is  significant  at  the  0.05  level  (two-tailed).  

η  p
 2

 =  .005).  On  the  other  hand,  the  main  effect  of  Group  was

 significant  on  RFT  (F  =  4.89;  df  =  1,  108;  P  =  .029;  η  p
 2

 =  .043),  RNF

 (F  =  4.77;  df  =  1,  108;  P  =  .031;  η  p
 2

 =  .042),  and  RGP  (F  =  4.33;  df  =  1,

 108;  P  =  .040;  η  p
 2

 =  .039).  Regardless  of  the  prime,  AB  indices

 differed  significantly  between  groups,  with  PWS  showing  lower

 bias  scores  toward  CARE  stimuli  compared  with  PWDNS.
 

Since  there  was  no  statistically  significant  Prime  effect  on  the  AB

 indices,  it  was  decided  to  discard  the  Neutral/Threatening  distinc-

 tion  for  the  subsequent  analyses,  thus  considering  only  the  Overall

 AB  indices  in  the  regression  models.
 

AB  and  attachment  dimensions 

A  series  of  linear  regression  analyses  were  performed,  setting  the

 AB  measures  (RFT,  RNF,  RGP)  as  the  dependent  variables,  while  the

 Group  (PWS/PWDNS)  and  the  ASQ  scales  were  set  as  predictors,

 using  forced  entr  y  method.  The  collinearity  assessment  showed
 

that  the  variance  inflation  factor  (VIF)  and  the  tolerance  of  the

 predictors  did  not  exceed  the  commonly  used  thresholds 42 (  ≥10

 and  <0.2,  respectively),  with  the  highest  VIF  being  2.403  and  the

 tolerance  being  0.416  for  the  ASQ  Secure  predictor  ;  thus,  the  mul-

 ticollinearity  between  predictors  could  be  excluded.  The  results

 ( Table  4)  showed  that  on  the  one  hand  the  Group  and  the  ASQ

 Avoidant  and  Dismissing  subscales  were  significant  predictors  of

 all  the  AB  indices  (RFT,  RNF,  and  RGP),  while  ASQ  Secure  attach-

 ment  scores  significantly  predicted  only  the  RNF  and  RGP.  On  the

 other  hand,  the  β  coefficients  of  the  ASQ  Ambivalent  and  ASQ

 Fearful  subscales  were  not  statistically  significant  .  Although  R 2

 coefficients  of  the  models  were  modest  ,  the  results  suggested  that

 the  research  hypothesis  of  AB  indices  being  influenced  not  only

 by  the  smoking  habit  but  also  by  the  participants’  attachment-

 related  dimensions  could  not  be  rejected.
 

We  also  hypothesized  that  people  who  smoke’  AB  could  be

 affected  by  their  level  of  NIC  dependence;  thus,  additional  linear
 

D
ow

nloaded from
 academ

ic.oup.com
/ntr/advance-article/doi/10.1093/ntr/ntag161/8737293 by Ajossa U

niversity of C
agliari D

epartm
ent of O

bstetrics and G
ynecology user on 28 Septem

ber 2026



6 Nicotine & Tobacco Research, 2026, Vol. 00, Issue 00          

Table  3  Attentional  Bias  indices  means  and  standard  deviations.  

RFT RFN RGP 

Neutral
 m  (s.d.) 

Threat
 m  (s.d.) 

Overall
 m  (s.d.) 

Neutral
 m  (s.d.) 

Threat
 m  (s.d.) 

Overall
 m  (s.d.) 

Neutral
 m  (s.d.) 

Threat
 m  (s.d.) 

Overall
 m  (s.d.) 

PWS
 (n  =  62) 

− 0.15  (0.156) − 0.17  (0.123) − 0.32  (0.252) − 0.14  (0.147) − 0.16  (0.119) − 0.30  (0.243) − 0.16  (0.155) − 0.17  (0.127) − 0.33  (0.257) 

PWDNS
 (n  =  48) 

− 0.21  (0.162) − 0.22  (0.130) − 0.43  (0.273) − 0.20  (0.143) − 0.20  (0.123) − 0.40  (0.250) − 0.22  (0.157) − 0.22  (0.138) − 0.44  (0.274) 

Whole  sample
 (n  =  110) 

− 0.18  (0.161) − 0.19  (0.128) − 0.37  (0.266) − 0.17  (0.148) − 0.18  (0.123) − 0.34  (0.250) − 0.19  (0.158) − 0.19  (0.133) − 0.38  (0.268) 

Abbreviations:  RFT,  relative  fixation  time  (in  milliseconds);  RFN,  relative  number  of  fixations;  RGP,  relative  number  of  gaze  points.  PWS,  people  who  smoke;  PWDNS,
 people  who  do  not  smoke.  Negative  values  of  the  RFT,  RFN  and  RGP  coefficients  reflect  attentional  bias  toward  CARE  stimuli. 

Table  4  Whole  -sample  regression  models. 

RFT  (R  2  =  0.162) RFN  (R  2  =  0.173) RGP  (R  2  =  0.173) 

b  (s.e.) std.  β   P  -value b  (s.e.) std.  β   P  -value b  (s.e.)  std.  β   P  -value 

Group  (PWS  vs  PWDNS) − 0.13  (0.049) − 0.24  ∗  .011  − 0.12  (0.046) − 0.24  ∗  .010  − 0.12  (0.049) − 0.23  ∗  .013  

ASQ  Secure − 0.01  (0.006) − 0.26  .066  − 0.01  (0.005) − 0.29  ∗  .039  − 0.01  (0.006) − 0.29  ∗  .039  

ASQ  Avoidant − 0.01  (0.004) − 0.33  ∗  .009  − 0.01  (0.004) − 0.35  ∗  .005  − 0.01  (0.004) − 0.36  ∗  .004  

ASQ  Dismissing  0.01  (0.005)  0.20  ∗  .049   0.01  (0.004)  0.21  ∗  .038   0.01  (0.005)  0.20  ∗  .047  

ASQ  Fearful   0.00  (0.004) − 0.09  .433   0.00  (0.004) − 0.09  .433   0.00  (0.004) − 0.12  .276  

ASQ  Ambivalent  0.01  (0.004)  0.17  .109   0.01  (0.004)  0.16  .135   0.01  (0.004)  0.20  .067  

For  sake  of  clarity,  the  original  ASQ  subscale  labels  were  replaced  with  the  corresponding  attachment  dimension. Dependent  variables:  RFT,  relative  fixation  time;
 RFN,  relative  number  of  fixations;  RGP,  relative  number  of  gaze  points.  Negative  values  of  the  RFT,  RFN,  and  RGP  coefficients  reflect  attentional  bias  toward  CARE
 stimuli.  PWS,  people  who  smoke;  PWDNS,  people  who  do  not  smoke. ∗  P  <  .05;  ∗∗

 P  <  .001. 

regression  analyses  were  performed  on  the  PWS  group  only

 (n  =  60;  two  participants  were  excluded  due  to  incomplete  data),

 setting  the  AB  indices  as  the  dependent  variables,  while  the

 level  of  dependence,  as  measured  with  the  FTND,  and  the  ASQ

 subscales  were  set  as  the  predictors,  using  the  forced  entr  y

 method.  Results  ( Table  5)  indicated  that  ,  of  all  the  attachment

 measures,  the  ASQ  Avoidant  and  Dismissing  subscales  were

 statistically  significant  AB  predictors  (as  with  the  whole  sample),

 while  the  Dependence  Level  was  only  for  the  RFT.  A  s  such,  the

 results  showed  that  at  least  some  of  the  attachment-related

 constructs  steered  the  attention  of  participants  in  the  PWS  group,

 along  with  their  NIC  addiction  level  (which,  however,  had  a  smaller

 effect  overall).  It  should  be  noted  that  the  ASQ  Secure  subscale  no

 longer  was  a  significant  predictor  of  the  AB  indices  of  the  PWS

 group,  as  it  was  within  the  whole  sample.
 

Discussion 
In  this  study,  we  investigated  the  impact  of  attachment  dimen-

 sions  on  AB  toward  smoking  cues  in  a  group  of  young  people

 with  light  smoking  habits,  compared  to  participants  who  do  not

 smoke.  To  achieve  this,  we  primed  participants  using  images  with

 either  neutral  or  threatening  emotional  valence  and  used  ET  to

 measure  gaze  characteristics  over  two  salient  images,  one  rep  -

 resenting  care  and  the  other  representing  smoking,  presented

 side  -by-side  after  ward.  We  found  that  the  care  images  show  a

 greater  AB  in  all  indices,  with  differences  between  individuals

 who  smoke  and  participants  who  do  not  smoke.  Prime  quality
 

(Threatening  vs.  Neutral)  did  not  affect  our  measures,  whereas  the

 main  effect  of  the  group  (PWS  vs.  PWDNS)  was  significant  ,  with

 people  who  smoke’  AB  indices  indicating  a  lower  bias  toward  care  -

 related  stimuli.  Further,  regression  analyses  conducted  on  the

 whole  sample  indicated  that  Group  and  the  ASQ  Secure,  Avoidant  ,

 and  Dismissing  subscales  significantly  predicted  the  AB  indices.

 In  the  PWS  group,  however,  secure  attachment  was  no  longer

 a  significant  predictor,  while  NIC  dependence  level  exhibited  a

 smaller  yet  significant  effect  ,  limited  to  RFT.
 

The  present  investigation  stems  from  a  previous  study  that  used

 a  similar  experimental  paradigm 24 and  revealed  the  presence  of  a

 cognitive  bias  in  young  people  with  light  smoking  habits,  shown

 by  their  significantly  greater  selection  of  smoking-related  stimuli.

 In  this  study  we  focused  our  investigation  on  the  dynamics  of

 attentive  processes  (as  indexed  by  gaze  behavior),  regardless

 of  the  image  chosen.  We  found  that  no  alterations  of  gaze

 behavior  emerged  in  relation  to  the  prime.  Priming  typically

 occurs  unconsciously,  functioning  through  associative  memor  y

 networks  in  which  activating  one  concept  (prime)  increases

 the  accessibility  of  related  concepts  (targets). 43  ,
 

44 Thus,  if  we

 describe  it  as  the  participants’  tendenc  y  to  make  a  choice  to

 counteract  the  negative  emotions  evoked  by  the  threatening

 image  (as  by  task  instructions),  then  the  presence  of  a  prime

 effect  can  be  considered  confirmed. 24 Our  present  results  can

 be  explained  in  terms  of  the  known  dissociation  between  the

 dynamics  of  attentive  processes  and  the  final  behavior.  In  fact  ,

 relevant  research  indicates  that  while  attention  can  influence

 the  information  we  process,  it  does  not  always  translate  directly
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Table  5  People  who  smoke  group  regression  models. 

RFT  (R  2  =  0.435) RFN  (R  2  =  0.425) RGP  (R  2  =  0.427) 

b  (s.e.) std.  β   P  -value b  (s.e.) std.  β   P  -value b  (s.e.) std.  β   P  -value 

Dependence  level   0.10  (0.045)  0.27  ∗  .024   0.07  (0.044)  0.19  .112   0.08  (0.046)  0.21  .077  

ASQ  Secure − 0.01  (0.006) − 0.19  .254  − 0.01  (0.006) − 0.25  .132  − 0.01  (0.006) − 0.27  .115  

ASQ  Avoidant − 0.02  (0.004) − 0.56  ∗∗
 .000  − 0.02  (0.004) − 0.55  ∗∗

 .000  − 0.02  (0.004) − 0.57  ∗∗
 .000  

ASQ  Dismissing  0.03  (0.006)  0.55  ∗∗
 .000   0.03  (0.006)  0.59  ∗∗

 .000   0.03  (0.007)  0.57  ∗∗
 .000  

ASQ  Fearful   0.00  (0.005) − 0.08  .518   0.00  (0.005) − 0.11  .377  − 0.01  (0.005) − 0.14  .268  

ASQ  Ambivalent  0.00  (0.005)  0.10  .402   0.00  (0.004)  0.04  .725   0.00  (0.005)  0.07  .561  

For  sake  of  clarity,  the  original  ASQ  subscale  labels  were  replaced  with  the  corresponding  attachment  dimension. Dependent  variables:  RFT,  relative  fixation  time;
 RFN,  relative  number  of  fixations;  RGP,  relative  number  of  gaze  points.  Negative  values  of  the  RFT,  RFN,  and  RGP  coefficients  reflect  attentional  bias  toward  CARE
 stimuli. ∗  P  <  .05;  ∗∗

 P  <  .001. 

into  our  choices,  indicating  the  presence  of  a  complex  inter-

 play  between  sensor  y  input  ,  cognitive  processes,  and  decision

 outcomes.  41  ,
 

45 While  the  prime  effect  intended  to  modulate

 emotional  responses  appears  to  shape  the  ultimate  decision,  it

 does  not  necessarily  influence  the  way  visual  attention  is  allocated

 to  the  stimuli.  Congruently,  our  results  suggest  that  the  time  spent

 viewing  care  -  or  smoking-related  images  was  influenced  not  by

 the  prime  but  by  the  participants’  status  as  people  who  smoke

 or  people  who  do  not  smoke.  Nevertheless,  our  results  did  not

 reveal  a  significant  relationship  between  attention  (as  indexed

 by  our  ET  measures)  and  decision-making  processes.  Likewise,

 no  significant  association  emerged  between  the  emotional

 priming  manipulation  and  the  ET  measures.  These  findings

 may  be  interpreted  as  consistent  with  a  possible  dissociation

 between  AB  and  decision-making;  however,  this  interpretation

 remains  tentative.  Future  studies  are  required  to  directly  test  this

 possibility  through  experimental  manipulation  of  affective  cues,

 AB,  and  decision-making  processes.
 

In  agreement  with  the  literature,  we  found  that  individuals

 who  smoke  were  less  biased  toward  care  -related  cues  compared

 to  individuals  who  do  not  smoke. 46 However,  with  respect  to

 the  available  literature,  our  results  show  a  smaller  effect  size

 that  may  depend  on  the  characteristics  of  our  experimental

 paradigm.  In  fact  ,  contrasting  to  most  of  the  prior  studies  that

 associated  smoking-related  cues  with  neutral  stimuli,  in  this

 study,  smoking-related  cues  were  always  paired  with  meaningful

 (care)  stimuli  competing  for  attention. 25  ,
 

46  ,
 

47 When  multiple

 stimuli  compete  for  an  individual’s  limited  attentional  resources,

 a  bias  toward  emotional  stimuli  facilitates  quick  detection  and

 preparation  for  adaptive  responses. 48  ,
 

49 In  our  paradigm,  care  -

 related  images  possess  a  distinct  positive  valence  that  can  be

 understood  through  attachment  theor  y, 48  ,
 

49 while  the  valence  of

 smoking-related  images  is  likely  to  differ  substantially  between

 the  two  experimental  groups.  People  who  smoke  may  associate

 these  cues  with  positive  valence  due  to  the  rewarding  effects

 of  smoking,  while  people  who  do  not  smoke  might  view  them

 negatively,  possibly  influenced  by  anti-smoking  campaigns  that

 often  leverage  emotional  graphic  warnings  to  stress  the  dangers  of

 TUD. 50  ,
 

51 Our  findings  support  the  suitability  of  this  experimental

 paradigm,  which  may  contribute  a  novel  perspective  to  research

 on  AB.  By  not  pairing  a  drug-related  image  with  a  neutral  one,

 participants  were  compelled  to  focus  on  two  meaningful  images,

 each  relevant  for  different  reasons.  Our  findings  highlight  that  in
 

AB  studies,  especially  those  examining  complex  phenomena  like

 addiction,  stimulus  selection  is  critical,  as  factors  beyond  drug

 dependenc  y  can  influence  obser  ved  patterns.
 

In  early  childhood,  seeking  physical  closeness  helps  regulate

 emotions,  but  in  adulthood,  this  often  shifts  to  relying  on  mental

 representations  of  another’s  symbolic  presence. 52 Thus,  avoidant

 individuals  may  turn  to  attachment  substitutes  and  maladaptive

 coping  strategies,  including  those  linked  to  addiction. 52 Our  study

 examined  whether  AB  indices  could  be  explained  by  attachment-

 related  constructs  measured  by  the  ASQ.  Regression  analyses

 showed  that  ,  alongside  smoking  habits,  the  ASQ  Secure,  Avoidant  ,

 and  Dismissing  subscales  significantly  predicted  AB  indices.  The

 differential  contribution  of  avoidant  and  dismissing  attachment

 dimensions  to  AB  toward  smoking  cues  is  a  key  finding  of  the

 present  study.  Although  both  reflect  deactivating  strategies

 within  the  attachment  system,  they  represent  distinct  regulator  y

 profiles.  The  results  indicate  that  individuals  who  defensively

 minimize  attachment  needs  may  differentially  allocate  attentional

 resources  toward  smoking-related  cues,  consistent  with  the

 possibility  that  smoking  functions  as  an  alternative  regulator  y

 mechanism.  Notably,  these  associations  emerged  only  among

 people  who  smoke,  suggesting  that  attachment-related  processes

 interact  with  established  substance  use  behaviors  rather  than

 reflecting  a  general  attentional  style.  Furthermore,  attachment

 dimensions  predicted  AB  more  consistently  than  NIC  dependence

 severity,  highlighting  the  potential  relevance  of  relational  regula-

 tor  y  systems  in  shaping  cue  salience  in  young  people  who  smoke.

 Previous  studies  have  identified  several  cognitive  mechanisms

 through  which  attachment  styles  shape  care  -seeking  versus  alter-

 native  reward  pursuit  .  Avoidant  individuals  consistently  exhibit

 attentional  biases  away  from  care  -related  stimuli. 41 According

 to  dual-process  models  of  avoidant  defenses, 53 this  pattern  may

 reflect  two  -stage  attentional  dynamics:  care  -related  or  threaten-

 ing  stimuli  are  initially  registered  and  automatically  engaged  but

 are  subsequently  disengaged  from  once  controlled  regulator  y

 processes  are  recruited.  Furthermore,  motivational  processes

 highlight  differences  in  approach–avoidance  tendencies  across

 attachment  styles,  with  avoidant  individuals  showing  avoidance

 motivation  toward  care  -related  cues,  perceiving  comfort-related

 stimuli  as  threatening 41 and  reporting  discomfort  with  closeness

 and  interdependence. 32 On  the  one  hand,  these  results  suggest

 that  attentional  processing  of  salient  stimuli  is  shaped  by

 both  lifestyle  behaviors  and  internalized  interpersonal  models,
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highlighting  the  value  of  integrating  attachment  theor  y  into

 models  of  attentional  processing  to  explain  individual  differences

 in  sensitivity  to  emotionally  salient  cues.  On  the  other  hand,

 the  specific  mechanisms  activated  and  their  relative  importance

 var  y  substantially  across  different  contexts  and  measurement

 approaches,  requiring  careful  interpretation  of  when  and  how

 each  mechanism  operates.
 

Lastly,  in-depth  analysis  of  the  PWS  group  was  performed  to

 test  the  effects  of  the  addiction  severity,  and  the  results  showed

 that  the  NIC  dependence  level  exerted  a  smaller  effect  than

 expected  and  only  on  the  RFTs,  while  the  ASQ  Avoidant  and

 Dismissing  subscales  resulted  the  strongest  predictors  of  all  the

 AB  indices.  These  results  are  consistent  with  previous  research,

 which  suggested  that  some  attachment-related  dimensions  could

 be  associated  with  TUD,  with  people  who  smoke  showing  more

 attachment  anxiety  and  feelings  of  loneliness  than  participants

 who  do  not  smoke. 54 However,  it  should  be  noted  that  ,  given

 the  multifaceted  nature  of  TUD,  our  obser  vations  provide  just

 one  perspective  on  the  potential  links  between  personality

 characteristics  and  tobacco  use.  In  this  regard,  it  is  important  to

 note  that  the  present  study  relies  exclusively  on  explicit  self-report

 measures.  However,  Serra  et  al. 55 found  that  implicit  insecure

 attachment  (rather  than  explicit  attachment)  was  associated  with

 greater  tobacco  and  cannabis  use  and  with  polydrug  use  in  college

 students,  highlighting  the  potential  role  of  implicit  attachment

 processes  in  addictive  behaviors.  Thus,  we  advocate  that  the

 relationships  between  the  attachment-related  dimensions  and

 the  cognitive  processes  require  further  investigation,  to  better

 understand  whether  attachment  security  could  have  a  protective

 or  moderating  effect  on  substance  use.
 

In  conclusion,  this  study  is,  to  our  knowledge,  the  first  to

 examine  AB  toward  smoking-related  cues  contrasted  with  care  -

 related  stimuli  rather  than  neutral  ones.  Across  primes,  AB  indices

 differed  significantly  between  groups:  PWS  showed  lower  bias

 toward  care  -related  stimuli  than  PWDNS,  though  this  bias  was

 only  marginally  linked  to  NIC  dependenc  y.  Additionally,  attention

 deployment  was  significantly  influenced  by  individual  attachment

 style,  affecting  the  degree  to  which  participants  were  drawn  to  or

 resisted  affective  cues. 

Limitations  of  the  study  

Our  study  focused  on  young  people  who  smoke  with  moder-

 ate  TUD  and  brief  smoking  histories.  According  to  incentive  -

 sensitization  theor  y,  heavier,  long-term  use  leads  to  greater

 impairment  of  motivation  and  reward  systems,  so  a  more  severe

 sample  might  have  yielded  different  results.  While  the  accu-

 mulated  evidence  reveals  a  consistent  pattern  where  avoidant

 attachment  is  characterized  by  systematic  avoidance  of  care  -

 seeking  cues  through  multiple  reinforcing  mechanisms,  both

 the  mechanisms  engaged  and  their  relative  contributions  var  y

 across  contexts  and  assessment  approaches.  It  should  be  noted

 that  the  ASQ  subscales  are  moderately  intercorrelated,  which  may

 introduce  multicollinearity  or  suppressor  effects  in  the  regression

 models;  therefore,  the  effects  of  the  Avoidant  and  Dismissing

 subscales  should  be  interpreted  with  caution.  Further,  our  results

 suggest  that  while  ET  provides  an  objective  measure  of  AB,

 its  outcomes  warrant  careful  interpretation,  as  gaze  patterns

 may  be  influenced  by  multiple  contextual  factors.  This  pattern

 suggests  that  during  conscious  decision-making,  metacognitive
 

beliefs  and  addiction-related  habits  may  exert  stronger  effects

 than  automatic  attentional  processes.  These  obser  vations  await

 independent  confirmation.  Although  the  affective  valence  of  the

 items  used  in  the  task  was  rated  in  a  previous  study, 20 only  an

 experimental  check  was  acquired  from  the  participants  after  the

 experiment  asking  them  if  the  stimuli  elicited  negative  emotion.

 Future  studies  may  want  to  add  a  more  formal  rating  of  the

 affective  valence  of  the  stimuli  to  be  used  in  formal  analyses.

 Lastly,  since  difficulties  in  emotion  regulation  can  change  over  the

 lifespan,  our  results  may  not  be  fully  generalizable  to  the  wider

 age  range  of  people  who  smoke.
 

Funding  
This  work  was  funded  by  Fondazione  di  Sardegna  2022  e  2023  -

 Progetti  di  ricerca  di  base  dipartimentali  to  P.E.  S.B.  was  funded

 by  the  Oppenheimer  Memorial  Trust  and  the  National  Research

 Foundation  of  South  Africa  (grant  number  :  150745).
 

Declaration  of  interests  
All  authors  declare  no  competing  financial  interests  or  personal
 relationships  that  could  have  influenced  the  work  reported  in  this
 paper.
 

Author  contributions 
Beniamina  Mercante  (Conceptualization  [equal],  Data  curation

 [equal],  Investigation  [equal],  Methodolog  y  [equal],  Writing—

 original  draft  [lead],  Writing—review  &  editing  [equal]),  Federico

 Zorzi  (Conceptualization  [equal],  Formal  analysis  [lead],  Inves  -

 tigation  [equal],  Writing—review  &  editing  [equal]),  Arcangelo

 Francesco  Uccula  (Formal  analysis  [equal],  Methodolog  y  [equal],

 Writing—review  &  editing  [equal]),  Carla  Meloni  (Formal  analysis

 [equal],  Writing—review  &  editing  [equal]),  Sahba  Besharati

 (Methodolog  y  [equal],  Writing—review  &  editing  [equal]),  and

 Paolo  Enrico  (Conceptualization  [lead],  Project  administration

 [lead],  Super  vision  [equal],  Writing—review  &  editing  [equal])
 

Data  availability 
All  datasets  are  stored  at  the  Department  of  Biomedical  Sciences,

 University  of  Sassari,  Sassari,  Italy,  under  the  responsibility  of

 Paolo  Enrico.  Data  will  be  made  available  upon  reasonable

 request  .
 

Appendix  A:
 Images  selected  to  ser  ve  as  priming
 or  target  images  

IAPS 

1034;  1036;  1043;  1047;  1050;  1051;  1053;  1055;  1056;  1058;  1057;

 1060;  1108;  1113;  1120;  1128;  1129;  1145;  1152;  1153;  1154;  1155;

 1156;  1249;  1245;  1250;  1300;  1304;  3010;  3064;  3100;  1130;  1131;

 1132;  1146;  3230;  3500;  3530;  6250;  6312;  6313;  6315;  6350;  6540;

 6550;  6560;  6570;  7002;  7001;  7004;  7004;  7006;  7009;  7010;  7018;

 7019;  7025;  7026;  7032;  7040;  7042;  7053;  7055;  7056;  7058;  7059;

 7061;  7062;  7080;  7081;  7090;  7095;  7136;  7150;  7170;  7175;  7179;
 

D
ow

nloaded from
 academ

ic.oup.com
/ntr/advance-article/doi/10.1093/ntr/ntag161/8737293 by Ajossa U

niversity of C
agliari D

epartm
ent of O

bstetrics and G
ynecology user on 28 Septem

ber 2026



Nicotine & Tobacco Research, 2026, Vol. 00, Issue 00 9         

7185;  7205;  7211;  7217;  7020;  7041;  7042;  7050;  7179;  7224;  7233;

 7235;  7236;  7705;  9414;  9635.
 

BAPS  -Adult  

1;  2;  3;  4;  8;  9;  11;  12;  14;  15;  16;  19;  20;  22;  23;  24;  25;  26;  27;  28;  29;

 30;  32;  34;  35;  40;  41;  42;  46;  47;  48;  49;  50;  51;  52;  55;  56;  57;  59;  64.
 

SmoCuDa 

007;  008;  009;  010;  029;  033;  038;  039;  047;  048;  053;  058;  072;  075;

 078;  079;  082;  085;  087;  098;  102;  115;  123;  136;  155;  161;  170;  176;

 201;  204;  216;  117;  185;  208;  197;  206;  219;  225;  229;  243.
 

References  
1.  Koob  GF,  Volkow  ND.  Neurobiolog  y  of  addiction:  a  neurocir-

 cuitr  y  analysis.  Lancet  Psychiatr  y  .  2016;3:760-773.  https://doi.

org  /10.1016/s2215-  0366(16)00104-  8. 

2.  Versace  F,  Engelmann  JM,  Deweese  MM,  et  al.  Beyond  cue

 reactivity:  non-drug-related  motivationally  relevant  stimuli

 are  necessar  y  to  understand  reactivity  to  drug-related  cues.

 Nicotine  Tob  Res.  2017;19:663-669.  https://doi.org  /10.1093/

ntr/ntx002. 

3.  White  CM,  Hatsukami  DK,  Donny  EC.  Reducing  the  rela-

 tive  value  of  cigarettes:  considerations  for  nicotine  and

 non-nicotine  factors.  Neuropharmacology  .  2020;175:108200.

 https://doi.org  /10.1016/j.neuropharm.2020.108200. 

4.  Robinson  TE,  Berridge  KC.  The  incentive  -sensitization  theor  y

 of  addiction  30  years  on.  Annu  Rev  Psychol.  2025;76:29-58.

 https://doi.org  /10.1146/annurev-  psych-  011624-  024031.  

5.  Betts  JM,  Dowd  AN,  Forney  M,  Hetelekides  E,  Tiffany  ST.  A

 meta-analysis  of  cue  reactivity  in  tobacco  cigarette  smokers.

 Nicotine  Tob  Res.  2020;23:249-258.  https://doi.org  /10.1093/

ntr/ntaa147. 

6.  Conklin  CA,  Coffman  BA,  McClernon  FJ,  Joyce  C.  Smokers’

 self-report  and  Behavioral  reactivity  to  combined  personal

 smoking  cues  (proximal  +  environment  +  people):  a  pilot

 study.  Brain  Sci  .  2022;12:1547.  https://doi.org  /10.3390/

brainsci12111547. 

7.  Field  M,  Cox  WM.  Attentional  bias  in  addictive  behaviors:

 a  review  of  its  development  ,  causes,  and  consequences.

 Drug  Alcohol  Depend  .  2008;97:1-20.  https://doi.org  /10.1016/j.

drugalcdep.2008.03.030. 

8.  Lin  X,  Deng  J,  Shi  L,  et  al.  Neural  substrates  of  smoking

 and  reward  cue  reactivity  in  smokers:  a  meta-analysis  of

 fMRI  studies.  Transl  Psychiatr  y  .  2020;10:97.  https://doi.org  /10.

1038/s41398-  020-  0775-  0. 

9.  Tan  YZ,  Zhang  MWB,  Choo  CC.  Perspectives  on  modifying

 attentional  biases  amongst  individuals  with  tobacco  use

 disorder  using  technolog  y:  a  review.  Int  J  Environ  Res
 Public  Health.  2019;16:2644.  https://doi.org  /10.3390/

ijerph16152644. 

10.  Unterrainer  HF.  Addiction,  attachment  ,  and  the  brain:  a

 focused  review  of  empirical  findings  and  future  directions.

 Front  Hum  Neurosci  .  2025;19:1625880.  https://doi.org  /10.

3389/fnhum.2025.1625880. 

11.  Schindler  A.  Attachment  and  substance  use  disorders—

 theoretical  models,  empirical  evidence,  and  implications  for
 

treatment  .  Front  Psych.  2019;10:727.  https://doi.org  /10.3389/

fpsyt  .2019.00727. 

12.  Fairbairn  CE,  Briley  DA,  Kang  D,  Fraley  RC,  Hankin  BL,  Ariss

 T.  A  meta-analysis  of  longitudinal  associations  between

 substance  use  and  interpersonal  attachment  security.  Psy-
 chol  Bull.  2018;144:532-555.  https://doi.org  /10.1037/bul000

 0141.  

13.  Schindler  A,  Bröning  S.  A  review  on  attachment  and  adoles  -

 cent  substance  abuse:  empirical  evidence  and  implications

 for  prevention  and  treatment  .  Subst  Abus.  2015;36:304-313.

 https://doi.org  /10.1080/08897077.2014.983586.  

14.  Gerra  ML,  Gerra  MC,  Tadonio  L,  et  al.  Early  parent-child  inter-

 actions  and  substance  use  disorder  :  an  attachment  perspec-

 tive  on  a  biopsychosocial  entanglement  .  Neurosci  Biobehav
 Rev  .  2021;131:560-580.  https://doi.org  /10.1016/j.neubiorev.

2021.09.052. 

15.  Waters  HS,  Waters  E.  The  attachment  working  models  con-

 cept  :  among  other  things,  we  build  script-like  representations

 of  secure  base  experiences.  Attach  Hum  Dev  .  2006;8:185-197.

 https://doi.org  /10.1080/14616730600856016.  

16.  Bowlby  J.  Attachment  and  loss.  Am  J  Orthopsychiatr  y  .
 1982;52:664-678.  https://doi.org  /10.1111/j.1939-  0025.1982.

tb01456.x. 

17.  Cassidy.  Handbook  of  attachment  :  Theor  y,  research  and  clin-

 ical  applications.  In:  Cassidy  J,  Shaver  PR.  (Eds),  The  Nature
 of  the  Child’s  Ties.  Third  ed.  New  York  ;  London:  The  Guilford

 Press;  2016:1068. 

18.  Gillath  O,  Giesbrecht  B,  Shaver PR.  Attachment  ,  attention,

 and  cognitive  control:  attachment  style  and  performance  on

 general  attention  tasks.  J  Exp  Soc  Psychol.  2009;45:647-654.

 https://doi.org  /10.1016/j.jesp.2009.02.011.  

19.  Bailey  HN,  Paret  L,  Battista  C,  Xue  Y.  Attachment  anxiety  and

 attentional  control  predict  immediate  and  delayed  emotional

 Stroop  interference.  Emotion.  2012;12:376-383.  https://doi.

org  /10.1037/a0027529. 

20.  Uccula  A,  Mercante  B,  Pozzati  C,  Deriu  F,  Enrico  P.  ERP  and

 attachment  dimensions  as  predictors  of  seeking  care  or  food

 comfort  in  stressful  situations.  Sci  Rep.  2023;13:3170.  https://

doi.org  /10.1038/s41598-  023-  29493-  0. 

21.  Chavis  JM,  Kisley  MA.  Adult  attachment  and  motivated  atten-

 tion  to  social  images:  attachment-based  differences  in  event-

 related  brain  potentials  to  emotional  images.  J  Res  Pers.

 2012;46:55-62.  https://doi.org  /10.1016/j.jrp.2011.12.004. 

22.  Edelstein  RS,  Gillath  O.  Avoiding  interference:  adult

 attachment  and  emotional  processing  biases.  Personal
 Soc  Psychol  Bull.  2008;34:171-181.  https://doi.org  /10.1177/

0146167207310024.  

23.  Liu  Y,  Ding  Y,  Lu  L,  Chen  X.  Attention  bias  of  avoidant  individ-

 uals  to  attachment  emotion  pictures.  Sci  Rep.  2017;7:41631.

 https://doi.org  /10.1038/srep41631.  

24.  Enrico  P,  Zorzi  F,  Fanari  R,  Uccula  AF,  Mercante  B.  How

 “light”  is  “light  smoking”?  On  the  cognitive  power  of  nico  -

 tine  dependence.  Behav  Sci  .  2024;14:1075.  https://doi.org  /10.

3390/bs14111075.  

25.  Valsecchi  M,  Codispoti  M.  Eye  tracking  applied  to  tobacco

 smoking:  current  directions  and  future  perspectives.  J  Eye
 Mov  Res.  2022;15:10.16910/  jemr.15.1.2.  https://doi.org  /10.

16910/jemr.15.1.2.  

26.  Bollen  Z,  Masson  N,  Salvaggio  S,  D’Hondt  F,  Maurage  P.  Crav-

 ing  is  ever  ything:  an  eye  -tracking  exploration  of  attentional
 

D
ow

nloaded from
 academ

ic.oup.com
/ntr/advance-article/doi/10.1093/ntr/ntag161/8737293 by Ajossa U

niversity of C
agliari D

epartm
ent of O

bstetrics and G
ynecology user on 28 Septem

ber 2026

https://doi.org/10.1016/s2215-0366(16)00104-8
https://doi.org/10.1016/s2215-0366(16)00104-8
https://doi.org/10.1016/s2215-0366(16)00104-8
https://doi.org/10.1016/s2215-0366(16)00104-8
https://doi.org/10.1016/s2215-0366(16)00104-8
https://doi.org/10.1016/s2215-0366(16)00104-8
https://doi.org/10.1016/s2215-0366(16)00104-8
https://doi.org/10.1016/s2215-0366(16)00104-8
https://doi.org/10.1093/ntr/ntx002
https://doi.org/10.1093/ntr/ntx002
https://doi.org/10.1093/ntr/ntx002
https://doi.org/10.1093/ntr/ntx002
https://doi.org/10.1093/ntr/ntx002
https://doi.org/10.1093/ntr/ntx002
https://doi.org/10.1093/ntr/ntx002
https://doi.org/10.1016/j.neuropharm.2020.108200
https://doi.org/10.1016/j.neuropharm.2020.108200
https://doi.org/10.1016/j.neuropharm.2020.108200
https://doi.org/10.1016/j.neuropharm.2020.108200
https://doi.org/10.1016/j.neuropharm.2020.108200
https://doi.org/10.1016/j.neuropharm.2020.108200
https://doi.org/10.1016/j.neuropharm.2020.108200
https://doi.org/10.1016/j.neuropharm.2020.108200
https://doi.org/10.1016/j.neuropharm.2020.108200
https://doi.org/10.1146/annurev-psych-011624-024031
https://doi.org/10.1146/annurev-psych-011624-024031
https://doi.org/10.1146/annurev-psych-011624-024031
https://doi.org/10.1146/annurev-psych-011624-024031
https://doi.org/10.1146/annurev-psych-011624-024031
https://doi.org/10.1146/annurev-psych-011624-024031
https://doi.org/10.1146/annurev-psych-011624-024031
https://doi.org/10.1146/annurev-psych-011624-024031
https://doi.org/10.1146/annurev-psych-011624-024031
https://doi.org/10.1093/ntr/ntaa147
https://doi.org/10.1093/ntr/ntaa147
https://doi.org/10.1093/ntr/ntaa147
https://doi.org/10.1093/ntr/ntaa147
https://doi.org/10.1093/ntr/ntaa147
https://doi.org/10.1093/ntr/ntaa147
https://doi.org/10.1093/ntr/ntaa147
https://doi.org/10.3390/brainsci12111547
https://doi.org/10.3390/brainsci12111547
https://doi.org/10.3390/brainsci12111547
https://doi.org/10.3390/brainsci12111547
https://doi.org/10.3390/brainsci12111547
https://doi.org/10.3390/brainsci12111547
https://doi.org/10.1016/j.drugalcdep.2008.03.030
https://doi.org/10.1016/j.drugalcdep.2008.03.030
https://doi.org/10.1016/j.drugalcdep.2008.03.030
https://doi.org/10.1016/j.drugalcdep.2008.03.030
https://doi.org/10.1016/j.drugalcdep.2008.03.030
https://doi.org/10.1016/j.drugalcdep.2008.03.030
https://doi.org/10.1016/j.drugalcdep.2008.03.030
https://doi.org/10.1016/j.drugalcdep.2008.03.030
https://doi.org/10.1016/j.drugalcdep.2008.03.030
https://doi.org/10.1016/j.drugalcdep.2008.03.030
https://doi.org/10.1038/s41398-020-0775-0
https://doi.org/10.1038/s41398-020-0775-0
https://doi.org/10.1038/s41398-020-0775-0
https://doi.org/10.1038/s41398-020-0775-0
https://doi.org/10.1038/s41398-020-0775-0
https://doi.org/10.1038/s41398-020-0775-0
https://doi.org/10.1038/s41398-020-0775-0
https://doi.org/10.1038/s41398-020-0775-0
https://doi.org/10.1038/s41398-020-0775-0
https://doi.org/10.3390/ijerph16152644
https://doi.org/10.3390/ijerph16152644
https://doi.org/10.3390/ijerph16152644
https://doi.org/10.3390/ijerph16152644
https://doi.org/10.3390/ijerph16152644
https://doi.org/10.3390/ijerph16152644
https://doi.org/10.3389/fnhum.2025.1625880
https://doi.org/10.3389/fnhum.2025.1625880
https://doi.org/10.3389/fnhum.2025.1625880
https://doi.org/10.3389/fnhum.2025.1625880
https://doi.org/10.3389/fnhum.2025.1625880
https://doi.org/10.3389/fnhum.2025.1625880
https://doi.org/10.3389/fnhum.2025.1625880
https://doi.org/10.3389/fnhum.2025.1625880
https://doi.org/10.3389/fpsyt.2019.00727
https://doi.org/10.3389/fpsyt.2019.00727
https://doi.org/10.3389/fpsyt.2019.00727
https://doi.org/10.3389/fpsyt.2019.00727
https://doi.org/10.3389/fpsyt.2019.00727
https://doi.org/10.3389/fpsyt.2019.00727
https://doi.org/10.3389/fpsyt.2019.00727
https://doi.org/10.3389/fpsyt.2019.00727
https://doi.org/10.1037/bul0000141
https://doi.org/10.1080/08897077.2014.983586
https://doi.org/10.1080/08897077.2014.983586
https://doi.org/10.1080/08897077.2014.983586
https://doi.org/10.1080/08897077.2014.983586
https://doi.org/10.1080/08897077.2014.983586
https://doi.org/10.1080/08897077.2014.983586
https://doi.org/10.1080/08897077.2014.983586
https://doi.org/10.1080/08897077.2014.983586
https://doi.org/10.1016/j.neubiorev.2021.09.052
https://doi.org/10.1016/j.neubiorev.2021.09.052
https://doi.org/10.1016/j.neubiorev.2021.09.052
https://doi.org/10.1016/j.neubiorev.2021.09.052
https://doi.org/10.1016/j.neubiorev.2021.09.052
https://doi.org/10.1016/j.neubiorev.2021.09.052
https://doi.org/10.1016/j.neubiorev.2021.09.052
https://doi.org/10.1016/j.neubiorev.2021.09.052
https://doi.org/10.1016/j.neubiorev.2021.09.052
https://doi.org/10.1016/j.neubiorev.2021.09.052
https://doi.org/10.1080/14616730600856016
https://doi.org/10.1080/14616730600856016
https://doi.org/10.1080/14616730600856016
https://doi.org/10.1080/14616730600856016
https://doi.org/10.1080/14616730600856016
https://doi.org/10.1080/14616730600856016
https://doi.org/10.1111/j.1939-0025.1982.tb01456.x
https://doi.org/10.1111/j.1939-0025.1982.tb01456.x
https://doi.org/10.1111/j.1939-0025.1982.tb01456.x
https://doi.org/10.1111/j.1939-0025.1982.tb01456.x
https://doi.org/10.1111/j.1939-0025.1982.tb01456.x
https://doi.org/10.1111/j.1939-0025.1982.tb01456.x
https://doi.org/10.1111/j.1939-0025.1982.tb01456.x
https://doi.org/10.1111/j.1939-0025.1982.tb01456.x
https://doi.org/10.1111/j.1939-0025.1982.tb01456.x
https://doi.org/10.1111/j.1939-0025.1982.tb01456.x
https://doi.org/10.1111/j.1939-0025.1982.tb01456.x
https://doi.org/10.1016/j.jesp.2009.02.011
https://doi.org/10.1016/j.jesp.2009.02.011
https://doi.org/10.1016/j.jesp.2009.02.011
https://doi.org/10.1016/j.jesp.2009.02.011
https://doi.org/10.1016/j.jesp.2009.02.011
https://doi.org/10.1016/j.jesp.2009.02.011
https://doi.org/10.1016/j.jesp.2009.02.011
https://doi.org/10.1016/j.jesp.2009.02.011
https://doi.org/10.1016/j.jesp.2009.02.011
https://doi.org/10.1016/j.jesp.2009.02.011
https://doi.org/10.1037/a0027529
https://doi.org/10.1037/a0027529
https://doi.org/10.1037/a0027529
https://doi.org/10.1037/a0027529
https://doi.org/10.1037/a0027529
https://doi.org/10.1037/a0027529
https://doi.org/10.1038/s41598-023-29493-0
https://doi.org/10.1038/s41598-023-29493-0
https://doi.org/10.1038/s41598-023-29493-0
https://doi.org/10.1038/s41598-023-29493-0
https://doi.org/10.1038/s41598-023-29493-0
https://doi.org/10.1038/s41598-023-29493-0
https://doi.org/10.1038/s41598-023-29493-0
https://doi.org/10.1038/s41598-023-29493-0
https://doi.org/10.1038/s41598-023-29493-0
https://doi.org/10.1016/j.jrp.2011.12.004
https://doi.org/10.1016/j.jrp.2011.12.004
https://doi.org/10.1016/j.jrp.2011.12.004
https://doi.org/10.1016/j.jrp.2011.12.004
https://doi.org/10.1016/j.jrp.2011.12.004
https://doi.org/10.1016/j.jrp.2011.12.004
https://doi.org/10.1016/j.jrp.2011.12.004
https://doi.org/10.1016/j.jrp.2011.12.004
https://doi.org/10.1016/j.jrp.2011.12.004
https://doi.org/10.1016/j.jrp.2011.12.004
https://doi.org/10.1177/0146167207310024
https://doi.org/10.1177/0146167207310024
https://doi.org/10.1177/0146167207310024
https://doi.org/10.1177/0146167207310024
https://doi.org/10.1177/0146167207310024
https://doi.org/10.1177/0146167207310024
https://doi.org/10.1038/srep41631
https://doi.org/10.1038/srep41631
https://doi.org/10.1038/srep41631
https://doi.org/10.1038/srep41631
https://doi.org/10.1038/srep41631
https://doi.org/10.1038/srep41631
https://doi.org/10.3390/bs14111075
https://doi.org/10.3390/bs14111075
https://doi.org/10.3390/bs14111075
https://doi.org/10.3390/bs14111075
https://doi.org/10.3390/bs14111075
https://doi.org/10.3390/bs14111075
https://doi.org/10.16910/jemr.15.1.2
https://doi.org/10.16910/jemr.15.1.2
https://doi.org/10.16910/jemr.15.1.2
https://doi.org/10.16910/jemr.15.1.2
https://doi.org/10.16910/jemr.15.1.2
https://doi.org/10.16910/jemr.15.1.2
https://doi.org/10.16910/jemr.15.1.2
https://doi.org/10.16910/jemr.15.1.2
https://doi.org/10.16910/jemr.15.1.2


10 Nicotine & Tobacco Research, 2026, Vol. 00, Issue 00          

bias  in  binge  drinking.  J  Psychopharmacol.  2020;34:636-647.

 https://doi.org  /10.1177/0269881120913131. 

27.  Bitar  S,  Collonnaz  M,  O’Loughlin  J,  et  al.  A  systematic  review

 of  qualitative  studies  on  factors  associated  with  smoking  ces  -

 sation  among  adolescents  and  young  adults.  Nicotine  Tob  Res.

 2023;26:2-11.  https://doi.org  /10.1093/ntr/ntad167. 

28.  Hakulinen  C,  Hintsanen  M,  Munafò  MR,  et  al.  Personality

 and  smoking:  individual-participant  meta-analysis  of  nine

 cohort  studies.  Addiction.  2015;110:1844-1852.  https://doi.

org  /10.1111/add.13079. 

29.  Rahmani  N,  Chung  J,  Eizenman  M,  et  al.  Differences  in

 attentional  bias  to  smoking-related,  affective,  and  sensation-

 seeking  cues  between  smokers  and  non-smokers:  an  eye  -

 tracking  study.  Psychopharmacology  .  2022;239:3711-3721.

 https://doi.org  /10.1007/s00213-  022-  06245-  y. 

30.  Schröder  B,  Mühlberger  A.  Measuring  attentional  bias  in

 smokers  during  and  after  psychosocial  stress  induction  with

 a  trier  social  stress  test  in  virtual  reality  via  eye  track-

 ing.  Front  Psychol.  2023;14:1129422.  https://doi.org  /10.3389/

fpsyg.2023.1129422. 

31.  Mikulincer  M,  Gillath  O,  Shaver  PR.  Activation  of  the  attach-

 ment  system  in  adulthood:  threat-related  primes  increase  the

 accessibility  of  mental  representations  of  attachment  figures.

 J  Pers  Soc  Psychol.  2002;83:881-895. 

32.  Mikulincer  M,  Shaver  PR.  Attachment  orientations  and  emo  -

 tion  regulation.  Curr  Opin  Psychol.  2019;25:6-10.  https://doi.

org  /10.1016/j.copsyc.2018.02.006.  

33.  Tonkin  S,  Kezbers  KM,  Noble  B,  et  al.  Comparison  of  the

 Bluetooth  iCOquit  ,  piCO,  and  Vitalograph  for  the  assessment

 of  breath  carbon  monoxide  among  adults  initiating  smoking

 cessation  and  standardized  canisters.  Drug  Alcohol  Depend  .
 2023;250:110902.  https://doi.org  /10.1016/j.drugalcdep.2023.

110902. 

34.  Fekketich  AK,  Fossati  R,  Apolone  G.  An  evaluation  of  the  Italian

 version  of  the  Fagerström  test  for  nicotine  dependence.  Psy-
 chol  Rep.  2008;102:687-694.  https://doi.org  /10.2466/pr0.102.

3.687-  694. 

35.  Fossati  A,  Feeney  JA,  Donati  D,  et  al.  On  the  dimensionality  of

 the  attachment  style  questionnaire  in  Italian  clinical  and  non-

 clinical  participants.  J  Soc  Pers  Relat  .  2003;20:55-79.  https://

doi.org  /10.1177/02654075030201003. 

36.  Bartholomew  K.  Avoidance  of  intimac  y:  an  attachment  per-

 spective.  J  Soc  Pers  Relat  .  1990;7:147-178.  https://doi.org  /10.

1177/0265407590072001. 

37.  Hazan  C,  Shaver  P.  Romantic  love  conceptualized  as  an

 attachment  process.  J  Pers  Soc  Psychol.  1987;52:511-524.

 https://doi.org  /10.1037/0022-  3514.52.3.511. 

38.  Lang  PJ,  Bradley  MM,  Cuthbert  BN.  International  Affective  Pic-
 ture  System  (IAPS):  Affective  Ratings  of  Pictures  and  Instruction
 Manual.  Technical  Report  A-8,  Gainesville,  FL:  University  of

 Florida.  2008. 

39.  Szymanska  M,  Comte  A,  Tio  G,  et  al.  The  Besançon  affec-

 tive  picture  set-adult  (BAPS  -adult):  development  and  valida-

 tion.  Psychiatr  y  Res.  2019;271:31-38.  https://doi.org  /10.1016/

j.psychres.2018.11.005. 

40.  Manoliu  A,  Haugg  A,  Sladky  R,  et  al.  SmoCuDa:  a  validated

 smoking  cue  database  to  reliably  induce  craving  in  tobacco

 use  disorder.  Eur  Addict  Res.  2021;27:107-114.  https://doi.org  /

10.1159/000509758. 

41.  Uccula  A,  Mercante  B,  Barone  L,  Enrico  P.  Adult  avoidant

 attachment  ,  attention  bias,  and  emotional  regulation  pat-

 terns:  an  eye  -tracking  study.  Behav  Sci  .  2022;13:11.  https://

doi.org  /10.3390/bs13010011. 

42.  Field  A.  Discovering  Statistics  Using  IBM  SPSS  Statistics.  Lon-

 don:  Sage  Publications  Limited;  2024. 

43.  Arrigoni  E,  Rappo  E,  Papagno  C,  Lauro  LJR,  Pisoni  A.

 Neural  correlates  of  semantic  interference  and  phonologi-

 cal  facilitation  in  picture  naming:  a  systematic  review  and

 coordinate  -based  meta-analysis.  Neuropsychol  Rev  .  2025;35:

 35-53.  https://doi.org  /10.1007/s11065-  024-  09631-  9. 

44.  Kaula  AJ,  Henson  RN.  Priming  effects  on  subsequent

 episodic  memor  y:  testing  attentional  accounts.  J  Mem
 Lang.  2020;113:104106.  https://doi.org  /10.1016/j.jml.2020.

104106. 

45.  Arora  K,  Gayet  S,  Kenemans  JL,  Stigchel  SV  D,  Chota  S.  Dis  -

 sociating  external  and  internal  attentional  selection.  iScience.

 2025;28:112282.  https://doi.org  /10.1016/j.isci.2025.112282. 

46.  Drobes  DJ,  Oliver JA,  Correa  JB,  Evans  DE.  Chapter  18  -  Atten-

 tional  Bias  and  Smoking.  Preedy  VR  (Ed.),  Neuroscience  of
 Nicotine.  London:  Academic  Press.  2019;145-150.  https://doi.

org  /10.1016/b978-  0-  12-  813035-  3.00018-  6. 

47.  Waters  AJ,  Shiffman  S,  Bradley  BP,  Mogg  K.  Attentional  shifts

 to  smoking  cues  in  smokers.  Addiction.  2003;98:1409-1417.

 https://doi.org  /10.1046/j.1360-  0443.2003.00465.x. 

48.  Carretié  L.  Exogenous  (automatic)  attention  to  emotional

 stimuli:  a  review.  Cogn  Affect  Behav  Neurosci  .  2014;14:1228-

 1258.  https://doi.org  /10.3758/s13415-  014-  0270-  2. 

49.  Lee  TH,  Sakaki  M,  Cheng  R,  Velasco  R,  Mather  M.  Emotional

 arousal  amplifies  the  effects  of  biased  competition  in  the

 brain.  Soc  Cogn  Affect  Neurosci  .  2014;9:2067-2077.  https://doi.

org  /10.1093/scan/nsu015. 

50.  Deweese  MM,  Codispoti  M,  Robinson  JD,  Cinciripini  PM,

 Versace  F.  Cigarette  cues  capture  attention  of  smokers

 and  never-smokers,  but  for  different  reasons.  Drug
 Alcohol  Depend  .  2018;185:50-57.  https://doi.org  /10.1016/

j.drugalcdep.2017.12.010. 

51.  Robinson  JD,  Versace  F,  Engelmann  JM,  et  al.  The  moti-

 vational  salience  of  cigarette  -related  stimuli  among  for-

 mer,  never,  and  current  smokers.  Exp  Clin  Psychopharmacol.
 2015;23:37-48.  https://doi.org  /10.1037/a0038467. 

52.  Gillath  O,  Bunge  SA,  Shaver  PR,  Wendelken  C,  Mikulincer  M.

 Attachment-style  differences  in  the  ability  to  suppress  neg-

 ative  thoughts:  exploring  the  neural  correlates.  NeuroImage.

 2005;28:835-847.  https://doi.org  /10.1016/j.neuroimage.2005.

06.048. 

53.  Chun  DS,  Shaver  PR,  Gillath  O,  Mathews  A,  Jorgensen  TD.

 Testing  a  dual-process  model  of  avoidant  defenses.  J  Res  Pers.

 2015;55:75-83.  https://doi.org  /10.1016/j.jrp.2015.02.002. 

54.  Habibi  M,  Hosseini  F,  Darharaj  M,  Moghadamzadeh  A,  Rad-

 far  F,  Ghaffari  Y.  Attachment  style,  perceived  loneliness,  and

 psychological  well-being  in  smoking  and  non-smoking  uni-

 versity  students.  J  Psychol.  2018;152:226-236.  https://doi.org  /

10.1080/00223980.2018.1446894.  

55.  Serra  W,  Chatard  A,  Tello  N,  Harika-Germaneau  G,  Noël  X,

 Jaafari  N.  Mummy,  daddy,  and  addiction:  implicit  insecure

 attachment  is  associated  with  substance  use  in  college  stu-

 dents.  Exp  Clin  Psychopharmacol.  2019;27:522-529.  https://

doi.org  /10.1037/pha0000266. 

©  The  Author(s)  2026.  Published  by  Oxford  University  Press  on  behalf  of  the  Society  for  Research  on  Nicotine  and  Tobacco.  This  is  an  Open  Access  article  distributed  under  the  terms  of  the  Creative  Commons  Attribution-NonCommercial-NoDerivs  licence  (  https://creativecommons.org  /licenses/by-  nc-  nd/4.
0/),  which  permits  non-commercial  reproduction  and  distribution  of the  work  ,  in  any  medium,  provided  the  original  work  is  not  altered  or transformed  in  any  way,  and  that  the  work  is  properly  cited.  For  commercial  re-use,  please  contact  reprints@oup.com  for reprints  and translation  rights  for  reprints.  All

 other  permissions  can be  obtained  through  our  RightsLink  ser  vice  via the  Permissions  link  on  the  article  page  on  our  site—for  further  information  please  contact  journals.permissions@oup.com.  
Nicotine  &  Tobacco  Research,  2026,  00,  1–10

 

https://doi.org  /10.1093/ntr/ntag161
Original  Investigation 

D
ow

nloaded from
 academ

ic.oup.com
/ntr/advance-article/doi/10.1093/ntr/ntag161/8737293 by Ajossa U

niversity of C
agliari D

epartm
ent of O

bstetrics and G
ynecology user on 28 Septem

ber 2026

https://doi.org/10.1177/0269881120913131
https://doi.org/10.1177/0269881120913131
https://doi.org/10.1177/0269881120913131
https://doi.org/10.1177/0269881120913131
https://doi.org/10.1177/0269881120913131
https://doi.org/10.1177/0269881120913131
https://doi.org/10.1093/ntr/ntad167
https://doi.org/10.1093/ntr/ntad167
https://doi.org/10.1093/ntr/ntad167
https://doi.org/10.1093/ntr/ntad167
https://doi.org/10.1093/ntr/ntad167
https://doi.org/10.1093/ntr/ntad167
https://doi.org/10.1093/ntr/ntad167
https://doi.org/10.1111/add.13079
https://doi.org/10.1111/add.13079
https://doi.org/10.1111/add.13079
https://doi.org/10.1111/add.13079
https://doi.org/10.1111/add.13079
https://doi.org/10.1111/add.13079
https://doi.org/10.1111/add.13079
https://doi.org/10.1007/s00213-022-06245-y
https://doi.org/10.1007/s00213-022-06245-y
https://doi.org/10.1007/s00213-022-06245-y
https://doi.org/10.1007/s00213-022-06245-y
https://doi.org/10.1007/s00213-022-06245-y
https://doi.org/10.1007/s00213-022-06245-y
https://doi.org/10.1007/s00213-022-06245-y
https://doi.org/10.1007/s00213-022-06245-y
https://doi.org/10.1007/s00213-022-06245-y
https://doi.org/10.3389/fpsyg.2023.1129422
https://doi.org/10.3389/fpsyg.2023.1129422
https://doi.org/10.3389/fpsyg.2023.1129422
https://doi.org/10.3389/fpsyg.2023.1129422
https://doi.org/10.3389/fpsyg.2023.1129422
https://doi.org/10.3389/fpsyg.2023.1129422
https://doi.org/10.3389/fpsyg.2023.1129422
https://doi.org/10.3389/fpsyg.2023.1129422
https://doi.org/10.1016/j.copsyc.2018.02.006
https://doi.org/10.1016/j.copsyc.2018.02.006
https://doi.org/10.1016/j.copsyc.2018.02.006
https://doi.org/10.1016/j.copsyc.2018.02.006
https://doi.org/10.1016/j.copsyc.2018.02.006
https://doi.org/10.1016/j.copsyc.2018.02.006
https://doi.org/10.1016/j.copsyc.2018.02.006
https://doi.org/10.1016/j.copsyc.2018.02.006
https://doi.org/10.1016/j.copsyc.2018.02.006
https://doi.org/10.1016/j.copsyc.2018.02.006
https://doi.org/10.1016/j.drugalcdep.2023.110902
https://doi.org/10.1016/j.drugalcdep.2023.110902
https://doi.org/10.1016/j.drugalcdep.2023.110902
https://doi.org/10.1016/j.drugalcdep.2023.110902
https://doi.org/10.1016/j.drugalcdep.2023.110902
https://doi.org/10.1016/j.drugalcdep.2023.110902
https://doi.org/10.1016/j.drugalcdep.2023.110902
https://doi.org/10.1016/j.drugalcdep.2023.110902
https://doi.org/10.1016/j.drugalcdep.2023.110902
https://doi.org/10.2466/pr0.102.3.687-694
https://doi.org/10.2466/pr0.102.3.687-694
https://doi.org/10.2466/pr0.102.3.687-694
https://doi.org/10.2466/pr0.102.3.687-694
https://doi.org/10.2466/pr0.102.3.687-694
https://doi.org/10.2466/pr0.102.3.687-694
https://doi.org/10.2466/pr0.102.3.687-694
https://doi.org/10.2466/pr0.102.3.687-694
https://doi.org/10.2466/pr0.102.3.687-694
https://doi.org/10.2466/pr0.102.3.687-694
https://doi.org/10.1177/02654075030201003
https://doi.org/10.1177/02654075030201003
https://doi.org/10.1177/02654075030201003
https://doi.org/10.1177/02654075030201003
https://doi.org/10.1177/02654075030201003
https://doi.org/10.1177/02654075030201003
https://doi.org/10.1177/0265407590072001
https://doi.org/10.1177/0265407590072001
https://doi.org/10.1177/0265407590072001
https://doi.org/10.1177/0265407590072001
https://doi.org/10.1177/0265407590072001
https://doi.org/10.1177/0265407590072001
https://doi.org/10.1037/0022-3514.52.3.511
https://doi.org/10.1037/0022-3514.52.3.511
https://doi.org/10.1037/0022-3514.52.3.511
https://doi.org/10.1037/0022-3514.52.3.511
https://doi.org/10.1037/0022-3514.52.3.511
https://doi.org/10.1037/0022-3514.52.3.511
https://doi.org/10.1037/0022-3514.52.3.511
https://doi.org/10.1037/0022-3514.52.3.511
https://doi.org/10.1037/0022-3514.52.3.511
https://doi.org/10.1037/0022-3514.52.3.511
https://doi.org/10.1016/j.psychres.2018.11.005
https://doi.org/10.1016/j.psychres.2018.11.005
https://doi.org/10.1016/j.psychres.2018.11.005
https://doi.org/10.1016/j.psychres.2018.11.005
https://doi.org/10.1016/j.psychres.2018.11.005
https://doi.org/10.1016/j.psychres.2018.11.005
https://doi.org/10.1016/j.psychres.2018.11.005
https://doi.org/10.1016/j.psychres.2018.11.005
https://doi.org/10.1016/j.psychres.2018.11.005
https://doi.org/10.1016/j.psychres.2018.11.005
https://doi.org/10.1159/000509758
https://doi.org/10.1159/000509758
https://doi.org/10.1159/000509758
https://doi.org/10.1159/000509758
https://doi.org/10.1159/000509758
https://doi.org/10.1159/000509758
https://doi.org/10.3390/bs13010011
https://doi.org/10.3390/bs13010011
https://doi.org/10.3390/bs13010011
https://doi.org/10.3390/bs13010011
https://doi.org/10.3390/bs13010011
https://doi.org/10.3390/bs13010011
https://doi.org/10.1007/s11065-024-09631-9
https://doi.org/10.1007/s11065-024-09631-9
https://doi.org/10.1007/s11065-024-09631-9
https://doi.org/10.1007/s11065-024-09631-9
https://doi.org/10.1007/s11065-024-09631-9
https://doi.org/10.1007/s11065-024-09631-9
https://doi.org/10.1007/s11065-024-09631-9
https://doi.org/10.1007/s11065-024-09631-9
https://doi.org/10.1007/s11065-024-09631-9
https://doi.org/10.1016/j.jml.2020.104106
https://doi.org/10.1016/j.jml.2020.104106
https://doi.org/10.1016/j.jml.2020.104106
https://doi.org/10.1016/j.jml.2020.104106
https://doi.org/10.1016/j.jml.2020.104106
https://doi.org/10.1016/j.jml.2020.104106
https://doi.org/10.1016/j.jml.2020.104106
https://doi.org/10.1016/j.jml.2020.104106
https://doi.org/10.1016/j.jml.2020.104106
https://doi.org/10.1016/j.isci.2025.112282
https://doi.org/10.1016/j.isci.2025.112282
https://doi.org/10.1016/j.isci.2025.112282
https://doi.org/10.1016/j.isci.2025.112282
https://doi.org/10.1016/j.isci.2025.112282
https://doi.org/10.1016/j.isci.2025.112282
https://doi.org/10.1016/j.isci.2025.112282
https://doi.org/10.1016/j.isci.2025.112282
https://doi.org/10.1016/j.isci.2025.112282
https://doi.org/10.1016/b978-0-12-813035-3.00018-6
https://doi.org/10.1016/b978-0-12-813035-3.00018-6
https://doi.org/10.1016/b978-0-12-813035-3.00018-6
https://doi.org/10.1016/b978-0-12-813035-3.00018-6
https://doi.org/10.1016/b978-0-12-813035-3.00018-6
https://doi.org/10.1016/b978-0-12-813035-3.00018-6
https://doi.org/10.1016/b978-0-12-813035-3.00018-6
https://doi.org/10.1016/b978-0-12-813035-3.00018-6
https://doi.org/10.1016/b978-0-12-813035-3.00018-6
https://doi.org/10.1016/b978-0-12-813035-3.00018-6
https://doi.org/10.1016/b978-0-12-813035-3.00018-6
https://doi.org/10.1016/b978-0-12-813035-3.00018-6
https://doi.org/10.1046/j.1360-0443.2003.00465.x
https://doi.org/10.1046/j.1360-0443.2003.00465.x
https://doi.org/10.1046/j.1360-0443.2003.00465.x
https://doi.org/10.1046/j.1360-0443.2003.00465.x
https://doi.org/10.1046/j.1360-0443.2003.00465.x
https://doi.org/10.1046/j.1360-0443.2003.00465.x
https://doi.org/10.1046/j.1360-0443.2003.00465.x
https://doi.org/10.1046/j.1360-0443.2003.00465.x
https://doi.org/10.1046/j.1360-0443.2003.00465.x
https://doi.org/10.1046/j.1360-0443.2003.00465.x
https://doi.org/10.1046/j.1360-0443.2003.00465.x
https://doi.org/10.3758/s13415-014-0270-2
https://doi.org/10.3758/s13415-014-0270-2
https://doi.org/10.3758/s13415-014-0270-2
https://doi.org/10.3758/s13415-014-0270-2
https://doi.org/10.3758/s13415-014-0270-2
https://doi.org/10.3758/s13415-014-0270-2
https://doi.org/10.3758/s13415-014-0270-2
https://doi.org/10.3758/s13415-014-0270-2
https://doi.org/10.3758/s13415-014-0270-2
https://doi.org/10.1093/scan/nsu015
https://doi.org/10.1093/scan/nsu015
https://doi.org/10.1093/scan/nsu015
https://doi.org/10.1093/scan/nsu015
https://doi.org/10.1093/scan/nsu015
https://doi.org/10.1093/scan/nsu015
https://doi.org/10.1093/scan/nsu015
https://doi.org/10.1016/j.drugalcdep.2017.12.010
https://doi.org/10.1016/j.drugalcdep.2017.12.010
https://doi.org/10.1016/j.drugalcdep.2017.12.010
https://doi.org/10.1016/j.drugalcdep.2017.12.010
https://doi.org/10.1016/j.drugalcdep.2017.12.010
https://doi.org/10.1016/j.drugalcdep.2017.12.010
https://doi.org/10.1016/j.drugalcdep.2017.12.010
https://doi.org/10.1016/j.drugalcdep.2017.12.010
https://doi.org/10.1016/j.drugalcdep.2017.12.010
https://doi.org/10.1016/j.drugalcdep.2017.12.010
https://doi.org/10.1037/a0038467
https://doi.org/10.1037/a0038467
https://doi.org/10.1037/a0038467
https://doi.org/10.1037/a0038467
https://doi.org/10.1037/a0038467
https://doi.org/10.1037/a0038467
https://doi.org/10.1016/j.neuroimage.2005.06.048
https://doi.org/10.1016/j.neuroimage.2005.06.048
https://doi.org/10.1016/j.neuroimage.2005.06.048
https://doi.org/10.1016/j.neuroimage.2005.06.048
https://doi.org/10.1016/j.neuroimage.2005.06.048
https://doi.org/10.1016/j.neuroimage.2005.06.048
https://doi.org/10.1016/j.neuroimage.2005.06.048
https://doi.org/10.1016/j.neuroimage.2005.06.048
https://doi.org/10.1016/j.neuroimage.2005.06.048
https://doi.org/10.1016/j.neuroimage.2005.06.048
https://doi.org/10.1016/j.jrp.2015.02.002
https://doi.org/10.1016/j.jrp.2015.02.002
https://doi.org/10.1016/j.jrp.2015.02.002
https://doi.org/10.1016/j.jrp.2015.02.002
https://doi.org/10.1016/j.jrp.2015.02.002
https://doi.org/10.1016/j.jrp.2015.02.002
https://doi.org/10.1016/j.jrp.2015.02.002
https://doi.org/10.1016/j.jrp.2015.02.002
https://doi.org/10.1016/j.jrp.2015.02.002
https://doi.org/10.1016/j.jrp.2015.02.002
https://doi.org/10.1080/00223980.2018.1446894
https://doi.org/10.1080/00223980.2018.1446894
https://doi.org/10.1080/00223980.2018.1446894
https://doi.org/10.1080/00223980.2018.1446894
https://doi.org/10.1080/00223980.2018.1446894
https://doi.org/10.1080/00223980.2018.1446894
https://doi.org/10.1080/00223980.2018.1446894
https://doi.org/10.1080/00223980.2018.1446894
https://doi.org/10.1037/pha0000266
https://doi.org/10.1037/pha0000266
https://doi.org/10.1037/pha0000266
https://doi.org/10.1037/pha0000266
https://doi.org/10.1037/pha0000266
https://doi.org/10.1037/pha0000266
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/ntr/ntag161

	 Exploring the effects of attachment dimensions on nicotine-induced attentional bias: an eye-tracking observational study in young people who smoke
	Introduction
	Methods
	Experimental procedure
	Results
	Discussion
	Funding
	Declaration of interests
	Author contributions
	Data availability
	Appendix A:  Images selected to serve as priming or target images


