
Received:  23  June  2026  .  Revised:  20  August  2026  .  Accepted:  21  August  2026  

©  The  Author(s)  2026.  Published  by  Oxford  University  Press  on  behalf  of  the  Medical  Council  on  Alcohol  and  Oxford  University  Press.  All  rights  reser  ved.  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.

 

Alcohol  and  Alcoholism,  2026,  61(6),  agag061

https://doi.org  /10.1093/alcalc/agag061

Published:  24  September  2026

 Review

Heartbeat  counting  task  performance  in  alcohol  use
 disorder  :  a  systematic  review  and  meta-analysis 
Nicolás  Guillermo  González  1,

 

*,  Luisa  Göde  2,  Lucía  Alba-Ferrara  3,
 

4

1Faculty  of  Psycholog  y,  National  University  of  Tucumán,  Av.  Benjamín  Aráoz  800,  4000  San  Miguel  de  Tucumán,  Tucumán,  Argentina
 

2Wilhelm  Wundt  Institute  for  Psycholog  y,  Faculty  of  Life  Sciences,  Leipzig  University,  Neumarkt  9,  04109  Leipzig,  Germany
 

3INCyT  (Instituto  de  Neurociencia  Cognitiva  y  Traslacional),  CONICET–Fundación  Favaloro–Fundación  INECO,  Marcelo  T.  de  Alvear  1632,  C1060AAF  Buenos

 Aires,  Argentina
 

4Faculty  of  Psycholog  y  and  Human  Relations,  Center  for  Advanced  Studies  in  Human  De  velopment  and  Psycholog  y  (CAEDHPSI),  Universidad  Abierta

 Interamericana,  San  Juan  960,  C1147AAU  Buenos  Aires,  Argentina
 

*Corresponding  author.  E-mail:  nicolas.gonzalez@psicologia.unt  .edu.ar

Abstract  

Aims:  Interoception  has  been  proposed  as  a  relevant  process  in  alcohol  use  disorder  (AUD),  and  studies  using  the  heartbeat
 counting  task  (HCT)  have  often  reported  poorer  performance  in  individuals  with  AUD  than  in  healthy  controls  (HC).  However,
 concerns  about  the  construct  validity  of  the  HCT  complicate  interpretation  of  these  findings.  This  systematic  review  and  meta-
 analysis  quantified  the  magnitude  and  consistency  of  group  differences  in  HCT  performance  between  adults  with  AUD  and  HC,
 without  assuming  that  the  task  provides  a  process  -pure  measure  of  cardiac  interoceptive  accuracy.
 

Methods:  Eligible  studies  compared  adults  diagnosed  with  AUD  with  HC  and  reported  sufficient  HCT  data  to  compute  stan-
 dardized  mean  differences.  PubMed/MEDLINE,  PsycINFO,  Embase,  and  Web  of  Science  were  searched  up  to  4  November  2025.
 Study  quality  was  assessed  using  an  adapted  Newcastle–Ottawa  Scale.  Hedges’  g  values  were  pooled using  a  random-effects
 model.  The  review  received  no  specific  external  funding  and  was  preregistered  in  PROSPERO  [ID  =  CRD420251173904].
 

Results:  Six  studies  including  314  individuals  with  AUD  and  324  HC  were  included.  The  pooled  effect  was  moderate  -to-large  and
 negative,  indicating  lower  HCT  performance  in  AUD  than  HC,  g  =  − 0.79,  95%  CI  [ − 0.96,  − 0.63]. All  included  studies  showed
 negative  effect  sizes,  although  the  small  evidence  base  limits  certainty.
 

Conclusions:  Lower  HCT  performance  appears  to  represent  a  preliminar  y  but  consistent  task-level  behavioral  difference  in
 AUD.  These  findings  should  not  be  interpreted  as  direct  evidence  of  reduced  cardiac  interoceptive  accuracy,  but  they  support
 further  investigation  of  whether  HCT  performance  relates  to  clinically  relevant  AUD  features.
 

Keywords interoception,  alcohol  use  disorder,  meta-analysis,  heartbeat  counting  task  ,  cardiac  perception  

Introduction 
Alcohol  use  disorder  (AUD)  is  a  chronic  and  relapsing  condition

 associated  with  substantial  personal,  social,  and  economic  costs

 worldwide  ( World  Health  Organization  2024).  Despite  the  avail-

 ability  of  evidence  -based  inter  ventions,  relapse  rates  remain  high,

 and  many  individuals  experience  persistent  difficulties  in  regu-

 lating  craving  and  affect  even  after  treatment  ( Alba-Ferrara  et  al.

2014,  Nguyen  et  al.  2020,  Beaulieu  et  al.  2021,  Zaiser  et  al.  2025).

 Traditional  models  of  AUD  have  primarily  emphasized  cognitive

 control  deficits,  reinforcement  learning  processes,  and  social  or

 environmental  factors  ( Goldstein  and  Volkow  2011,  Berridge  and

Robinson  2016).  More  recently,  theoretical  frameworks  in  cogni-

 tive  neuroscience  have  highlighted  the  potential  role  of  intero  -

 ception,  defined  as  the  perception  and  interpretation  of  inter-

 nal  bodily  signals  ( Chen  et  al.  2021),  in  addictive  behavior  and
 

self-regulation  ( Paulus  and  Stewart  2013,  Lovelock  et  al.  2021,

 Wi  ́sniewski  et  al.  2021).
 

Within  predictive  coding  and  active  inference  frameworks,

 interoception  is  conceptualized  as  the  brain’s  ongoing  attempt

 to  infer  bodily  states  by  integrating  noisy  sensor  y  input  with

 prior  expectations  ( Seth  2013).  In  this  view,  affective  experience

 and  adaptive  regulation  depend  on  how  interoceptive  prediction

 errors  are  weighted  relative  to  prior  expectations  and  used  to

 update  bodily-state  beliefs  ( Seth  and  Friston  2016).  From  this

 perspective,  disrupted  interoceptive  processing  may  contribute

 to  alcohol-related  decision-making,  including  continued  use

 despite  negative  consequences  and  difficulty  regulating  craving,

 withdrawal,  or  stress  -related  bodily  states  ( Paulus  and  Stewart

2013).  In  AUD,  chronic  alcohol  consumption  has  been  proposed

 to  alter  both  peripheral  physiological  signals  and  their  central

 processing,  potentially  leading  to  distorted  bodily  awareness  and
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reduced  capacity  for  adaptive  regulation  ( Paulus  and  Stewart

2013,  Lovelock  et  al.  2021).
 

Empirically,  interoception  has  been  investigated  across  mul-

 tiple  domains  and  levels  of  measurement  ,  including  behavioral

 tasks,  self-report  questionnaires,  and  neurophysiological  indices

 ( Chen  et  al.  2021,  Desmedt  et  al.  2023).  Following  the  influential

 framework  proposed  by  Garfinkel  et  al.  (2015),  interoception

 is  commonly  decomposed  into  dissociable  dimensions.  These

 include  interoceptive  accurac  y  (IAcc),  defined  as  performance  on

 tasks  requiring  detection  or  estimation  of  internal  bodily  signals;

 interoceptive  sensibility,  referring  to  self-reported  beliefs  or  per-

 ceptions  about  one’s  internal  bodily  sensations;  and  interoceptive

 awareness,  reflecting  metacognitive  correspondence  between

 objective  performance  and  subjective  confidence.
 

Research  on  AUD  has  predominantly  focused  on  cardiac  intero  -

 ception  ( Lovelock  et  al.  2021),  most  commonly  assessed  using  the

 heartbeat  counting  task  (HCT)  developed  by  Schandr  y  (1981).  In

 this  task  ,  participants  are  asked  to  silently  count  their  heartbeats

 during  predefined  inter  vals,  with  performance  typically  quantified

 by  comparing  reported  and  recorded  beats.  Owing  to  its  sim-

 plicity  and  widespread  use,  the  HCT  has  generated  a  substantial

 literature  across  healthy  and  clinical  populations,  including  AUD

 ( Lovelock  et  al.  2021,  Wi  ́sniewski  et  al.  2021).  Clarifying  whether

 task-based  indices  of  bodily-signal  processing  show  reliable  alter-

 ations  in  AUD  is  therefore  relevant  for  addiction  research,  given

 the  proposed  involvement  of  interoceptive  processes  in  craving,

 withdrawal,  affect  regulation,  and  relapse  vulnerability.
 

Several  studies  using  the  HCT  have  reported  lower  HCT  perfor-

 mance  in  individuals  with  AUD  compared  to  HC,  suggesting  the

 presence  of  systematic  group  differences  in  task  performance  (e.g.

 Jakubczyk  et  al.  2020,  Avcu  Meriç  and  Sönmez  2022).  However,  the

 HCT  has  been  subject  to  increasing  methodological  scrutiny,  and

 its  interpretation  remains  contested,  as  task  performance  appears

 to  be  influenced  not  only  by  interoceptive  perceptual  processes

 but  also  by  non-interoceptive  factors  such  as  time  estimation,

 prior  knowledge  of  heart  rate,  and  response  strategies  ( Brener  and

Ring  2016,  Desmedt  et  al.  2018,  Zamariola  et  al.  2018,  Corneille

et  al.  2020,  Desmedt  et  al.  2020).  A  s  a  result  ,  it  remains  unclear

 whether  obser  ved  group  differences  in  HCT  performance  can  be

 straightfor  wardly  interpreted  as  reflecting  differences  in  IAcc  per

 se.  In  the  present  study,  we  therefore  treat  HCT  performance  as

 a  task-based  behavioral  index  that  may  reflect  a  composite  of

 interoceptive,  cognitive,  inferential,  and  estimation-related  pro  -

 cesses,  rather  than  as  a  process  -pure  measure  of  cardiac  IAcc.
 

Additionally,  recent  meta-analytic  and  systematic  review  work

 has  begun  to  evaluate  the  empirical  and  conceptual  status

 of  cardiac  interoception,  particularly  as  indexed  by  the  HCT.

 For  instance,  large  -scale  meta-analyses  have  reported  weak

 and  inconsistent  associations  between  HCT  performance  and

 theoretically  relevant  mental  health  outcomes,  raising  concerns

 about  its  construct  validity  as  a  measure  of  IAcc  ( Desmedt

et  al.  2022).  In  parallel,  meta-analytic  evidence  suggests  that

 commonly  used  cardiac  interoception  tasks,  such  as  the  HCT  and

 the  heartbeat  discrimination  task  ( Whitehead  et  al.  1977),  show

 only  limited  convergence,  indicating  that  they  may  not  index  a

 common  underlying  ability  ( Hickman  et  al.  2020).  More  broadly,

 meta-analyses  examining  interoception  across  domains  (e.g.

 alexithymia,  stress)  highlight  substantial  heterogeneity  in  both

 measurement  and  effect  sizes,  suggesting  that  interoception  may

 not  constitute  a  unitar  y  construct  (e.g.  Trevisan  et  al.  2019,  Irigoras

Izagirre  et  al.  2026).  Consistent  with  these  concerns,  a  recent

 systematic  review  of  interoception  in  substance  use  disorders

 (SUDs)  found  that  the  literature  remains  heavily  focused  on  IAcc

 and  interoceptive  sensibility  and  relies  substantially  on  cardiac

 measures  such  as  the  HCT.  The  review  identified  reduced  IAcc  as

 the  most  consistent  pattern  in  AUD,  although  interpretive  caution

 is  warranted  because  of  unresolved  measurement  limitations  ( Im

et  al.  2026).
 

In  this  context  ,  an  important  question  is  whether  HCT  perfor-

 mance  reveals  a  consistent  and  reproducible  behavioral  pattern

 across  studies  comparing  individuals  with  AUD  and  HC,  despite

 ongoing  concerns  about  task  validity.  Crucially,  if  such  a  group  -

 level  difference  were  found  to  be  robust  and  directionally  con-

 sistent  across  studies,  it  would  constitute  a  non-trivial  empirical

 regularity,  even  while  its  construct  validity  remains  contested,

 as  it  would  suggest  that  HCT  performance  systematically  tracks

 clinically  AUD–HC  group  distinctions.
 

The  present  study  addresses  this  gap  by  conducting  a  meta-

 analysis  of  studies  comparing  HCT  performance  between  indi-

 viduals  with  AUD  and  HC  participants.  Beyond  estimating  the

 magnitude  of  this  difference,  the  primar  y  aim  was  to  determine

 whether  the  obser  ved  pattern  is  sufficiently  consistent  across

 studies  to  be  interpreted  as  reproducible.  Rather  than  adjudi-

 cating  the  construct  validity  of  the  HCT  or  endorsing  a  single

 theoretical  account  of  interoception,  the  present  analysis  focuses

 on  establishing  whether  a  reliable  and  interpretable  behavioral

 regularity  emerges  in  AUD,  one  that  may  constrain  and  inform

 subsequent  models  of  bodily-signal  processing  in  addiction  and

 guide  more  precise  assessment  of  clinically  relevant  interoceptive

 mechanisms  in  AUD. 

Materials  and  methods  

Protocol  and  reporting  standards  

The  study  protocol  was  preregistered  in  PROSPERO  prior  to  data

 extraction  (ID  =  CRD420251173904).  The  meta-analysis  was  con-

 ducted  and  reported  in  accordance  with  PRISMA  2020  guidelines

 ( Page  et  al.  2021).  A  completed  PRISMA  2020  checklist  is  provided

 as  Supplementar  y  Material.
 

Search  strateg  y  

A  systematic  search  was  conducted  in  PubMed/MEDLINE,  PsycINFO,

 Embase,  and  Web  of  Science  to  identify  peer-reviewed  studies

 reporting  HCT  performance  in  individuals  with  AUD.  Search  terms

 combined  interoception-related  keywords  (e.g.  interoception,

 heartbeat  counting  )  with  AUD-related  terms  (e.g.  AUD,  alcohol

 dependence).  Searches  were  restricted  to  English-language

 articles  published  from  1981  onward,  following  the  introduction

 of  the  HCT.  The  final  search  was  conducted  on  4  November  2025.

 In  accordance  with  the  preregistered  protocol,  backward  citation

 chasing  of  the  reference  lists  of  included  studies  and  for  ward  cita-

 tion  chasing  using  Google  Scholar  were  also  conducted.  Complete

 search  strategies  are  reported  in  Supplementar  y  Table  S1.
 

Eligibility  criteria 

Studies  were  included  if  they:  (1)  enrolled  adults  diagnosed  with

 AUD  according  to  DSM  or  ICD  criteria;  (2)  included  a  healthy  adult
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control  group  without  reported  current  SUDs;  (3)  reported  perfor-

 mance  on  the  HCT  or  a  closely  related  heartbeat-counting  variant  ,

 allowing  for  variations  in  task  instructions,  counting  inter  vals,  and

 the  equipment  used  to  record  heartbeats;  and  (4)  provided,  or

 allowed  derivation  of,  sufficient  data  to  compute  standardized

 effect  sizes.  Studies  were  excluded  if  they  involved  children  or

 adolescents,  lacked  a  control  group,  did  not  report  quantitative

 HCT  outcomes,  or  were  not  original  empirical  studies.
 

Study  selection  and  data  extraction 

Search  records  were  imported  into  Rayyan,  which  was  used  to

 facilitate  the  identification  of  potential  duplicates  and  screening

 management  ( Ouzzani  et  al.  2016).  No  automation  tools  were  used

 to  determine  study  eligibility.  After  duplicate  removal,  two  review-

 ers  independently  screened  the  remaining  records  in  Rayyan  and

 classified  them  as  Include,  Exclude,  or  Maybe.  Any  disagreements

 or  uncertain  classifications  during  title/abstract  and  full-text

 screening  were  resolved  by  consensus.  Data  were  independently

 extracted  by  the  two  reviewers  using  standardized  spreadsheets

 and  included  sample  characteristics,  diagnostic  criteria,  task

 characteristics,  and  HCT-derived  outcomes.  Discrepancies  in

 data  extraction  were  resolved  by  consensus.  When  multiple

 interoception  measures  were  reported,  only  HCT-derived  data

 were  extracted.  For  studies  from  overlapping  research  groups,

 recruitment  periods  were  checked  and  only  non-overlapping

 samples  were  retained.
 

Data  handling  and  effect  size  computation  

Group  differences  in  HCT  performance  between  AUD  and  HC

 groups  were  quantified  using  Hedges’  g,  with  negative  values

 indicating  lower  HCT  performance  in  AUD.  Effect  size  variances

 were  computed  using  standard  formulas  for  independent  groups.

 When  studies  reported  SEMs,  these  were  converted  to  SDs

 using  sample  sizes.  When  multiple  eligible  HCT  conditions  were

 available,  one  effect  size  was  selected  to  preser  ve  statistical

 independence.  For  Billaux  et  al.  (2025),  the  standard  “count  felt

 heartbeats”  condition  was  used  in  the  primar  y  analysis,  and

 alternative  instructions  (“count  felt  heartbeats  and  do  not  guess”)

 were  examined  in  sensitivity  analyses. Published  summar  y

 statistics  were  supplemented  with  author-provided  raw  data

 when  needed. 

Statistical  analysis  

The  primar  y  meta-analysis  pooled  Hedges’  g  values  using  a

 random-effects  framework  to  account  for  between-study  vari-

 ability.  The  pooled  effect  size  and  its  95%  confidence  inter  val

 were  estimated  using  inverse  -variance  weighting.  Between-

 study  variance  ( τ  2  )  was  estimated  using  the  DerSimonian–Laird

 method.  Statistical  heterogeneity  was  assessed  using  Cochran’s

 Q  statistic  and  the  I 2  index.  To  improve  interpretability  on  the

 original  HCT  scale,  we  additionally  calculated  unstandardized

 mean  differences,  defined  as  AUD  minus  HC,  and  pooled  them

 using  the  same  random-effects  framework  .
 

Given  the  small  number  of  included  studies,  estimates  of

 between-study  heterogeneity  should  be  interpreted  with  caution,

 as  they  are  likely  to  be  imprecise.  Accordingly,  the  absence
 

of  detectable  heterogeneity  was  not  taken  to  indicate  true

 homogeneity  across  studies.
 

All  statistical  analyses  were  conducted  in  Python  using  standard

 scientific  and  meta-analytic  libraries,  rather  than  in  R  as  specified

 in  the  preregistered  protocol;  this  change  did  not  affect  the  ana-

 lytic  strateg  y  or  effect  size  estimation.
 

Risk  of  bias  and  meta-bias 

Study  quality  was  assessed  independently  by  two  reviewers  using

 an  adapted  Newcastle–Ottawa  Scale  covering  selection,  com-

 parability,  and  exposure/outcome  domains.  Discrepancies  were

 resolved  by  consensus.  Small-study  effects  were  explored  using

 Egger’s  regression  test  and  funnel-plot  inspection,  recognizing

 that  these  analyses  were  underpowered.
 

Sensitivity  and  additional  analyses 

Robustness  was  examined  using  leave  -one  -out  analyses,  a

 quality-restricted  analysis,  and  an  instruction-based  sensitivity

 analysis  replacing  the  primar  y  Billaux  et  al.  (2025)  estimate  with

 the  alternative  no  -guessing  condition.  Potential  moderator  anal-

 yses,  including  task  instruction  type,  were  limited  to  descriptive

 and  visual  comparisons  because  of  the  small  number  of  studies

 and  incomplete  reporting.
 

Results 

Study  selection 

Six  studies  met  all  inclusion  criteria  and  were  included  in  the

 meta-analysis.  Backward  and  for  ward  citation  chasing  identified

 no  additional  eligible  studies.  The  study  selection  process,  includ-

 ing  reasons  for  exclusion  at  each  stage,  is  summarized  in  the

 PRISMA  flow  diagram  ( Fig.  1)  using  PRISMA  2020  ( Haddaway  et  al.

2022).
 

Study  characteristics 

The  included  studies  comprised  adult  participants  diagnosed

 with  AUD  and  HC  groups,  with  diagnoses  established  according

 to  DSM  or  ICD  criteria,  with  the  specific  diagnostic  system  and

 version  used  in  each  study  reported  in  Table  1.  Across  studies,  HCT

 outcomes  were  used  as  the  primar  y  task-based  index  of  cardiac

 interoception.  Sample  sizes  ranged  from  68  to  190  participants  per

 study,  with  a  total  of  314  individuals  with  AUD  and  324  HC  included

 in  the  meta-analysis.  Mean  age  was  relatively  consistent  across

 studies,  whereas  sex  distribution  was  markedly  unbalanced,  with

 most  samples  comprising  predominantly  male  participants  and

 only  one  study  including  a  substantial  proportion  of  women

 ( Table  1).
 

Four  of  the  six  included  estimates  came  from  studies  conducted

 at  Trakya  University  School  of  Medicine  or  its  associated  addiction

 treatment  center  and  shared  overlapping  authorship  ( Ateş  Çöl

et  al.  2016,  Sönmez  et  al.  2017,  Sübay  and  Sönmez  2021,  Avcu

Meriç  and  Sönmez  2022).  A  s  shown  in  Table  1,  reported  sampling

 periods  did  not  overlap  across  these  studies,  reducing  concern

 about  direct  participant  duplication;  however,  this  concentration

 may  still  limit  the  external  independence  of  the  evidence.
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Figure  1  PRISMA  flow  diagram  of  study  selection.  

Task  parameters  varied  across  studies,  including  the  num-

 ber  and  duration  of  counting  inter  vals,  recording  hardware

 (predominantly  electrocardiographic  devices),  pauses  between

 trials,  and  task  instructions.  Despite  these  variations,  all  studies

 used  the  same  algebraic  HCT  scoring  structure:  the  correspon-

 dence  between  counted  and  recorded  heartbeats  was  calcu-

 lated  for  each  inter  val,  and  inter  val-specific  scores  were  then

 averaged  across  the  inter  vals  administered.  Task  instructions

 were  classified  into  three  categories:  (1)  standard  counting

 instructions  without  explicit  restrictions  on  estimation  strategies

 (“count  heartbeats”);  (2)  instructions  emphasizing  perception

 of  consciously  felt  heartbeats  (“count  felt  heartbeats”);  and  (3)

 instructions  explicitly  discouraging  guessing  or  estimation  (“count

 felt  heartbeats  and  do  not  guess”).  Most  studies  used  either

 standard  or  perception-focused  instructions,  whereas  one  study

 ( Billaux  et  al.  2025)  included  two  instruction  conditions.  Reporting

 of  clinical  and  demographic  variables  was  inconsistent  ,  limiting
 

comparability  across  secondar  y  measures  such  as  craving  and

 affective  processing  ( Table  S4).
 

Meta-analytic  results 

Individual  study  effect  sizes  and  95%  confidence  inter  vals  are

 shown  in  the  forest  plot  ( Fig.  2).  The  random-effects  meta-

 analysis  yielded  a  negative  pooled  effect  size  (Hedges’  g  =  − 0.79,

 SE  =  0.08,  95%  CI  [ − 0.96,  −  0.63]),  indicating  lower  HCT  perfor-

 mance  in  AUD  relative  to  HC.  All  studies  showed  negative  effect

 sizes,  indicating  a  consistent  directional  pattern  across  samples,

 although  precision  varied  across  estimates  ( Table  2  and  Table  S5).

 Across  individual  studies,  unstandardized  AUD–HC  mean  differ-

 ences  in  HCT  scores  ranged  from  − 0.14  to  − 0.09.  The  pooled

 unstandardized  mean  difference  was  − 0.12,  95%  CI  [ − 0.14,

 − 0.09],  indicating  that  participants  with  AUD  scored,  on  average,

 approximately  0.12  points  lower  than  HC  on  the  0–1  HCT  score
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Table  1  Characteristics  of  the  studies  included  in  the  meta-analysis.  

Reference  Year Sampling  period n  (AUD) n  (HC) Age  (years) %  Female Diagnostic
 criteria  

HCT
 inter  vals(s) 

Instructions 

Ateş  Çöl  et  al. 2016  Mar  2012–Aug  2012  55  52  42.39  ±  11.15   9.3  DSM-IV-TR  25,  35,  45,  100  1  

Sönmez  et  al. 2017  Jan  2014–Jun  2015  33  35  41.24  ±  9.58   0.0  DSM-IV-TR  25,  35,  45,  100  2  

Jakubczyk  et  al. 2020  N/R  86  104  42.64  ±  10.20  a 17.3  a ICD-10  25,  35,  45  1  

Sübay  and  Sönmez  2021  Jul  2016–Jul  2017  40  40  42.02  ±  12.49  0.0  DSM-5  25,  35,  45,  100  2  

Avcu  Meriç  and  Sönmez  2022  Aug  2018–Feb  2020  52  52  45.59  ±  10.85  0.0  DSM-5  25,  35,  45,  100  2  

Billaux  et  al. 2025  N/R  48  41  45.66  ±  10.25  52.0  DSM-5  25,  35,  45  1  and  3  

Total  –  –  314  324  43.20  b 14.4  b –  –  –  

Note.  Age  is  reported  in  years  as  mean  ±  standard  deviation.  Sample  sizes  in  the  n  (AUD)  and  n  (HC)  columns  correspond  to  participants  with  available  HCT
 data.  Female  percentages  refer  to  the  samples  for  which  demographic  characteristics  were  reported  in  the  original  studies.  HCT  inter  vals  indicate  the  duration
 of  each  counting  inter  val  in  seconds.  Dashes  indicate  values  that  are  not  applicable  to  the  total  row.  Instruction  types  were  coded  as  follows:  (1)  standard  counting
 instructions  without  explicit  restrictions  (“count  heartbeats”);  (2)  instructions  emphasizing  the  perception  of  consciously  felt  heartbeats  (“count  felt  heartbeats”);
 (3)  instructions  explicitly  discouraging  guessing  or  estimation  (“count  felt  heartbeats  and  do  not  guess”).  AUD,  alcohol  use  disorder  ;  HC,  healthy  controls;  DSM-IV-TR,
 Diagnostic  and  Statistical  Manual  of  Mental  Disorders,  Fourth  Edition,  Text  Revision;  DSM-5,  Diagnostic  and  Statistical  Manual  of  Mental  Disorders,  Fifth  Edition;  ICD-
 10,  International  Classification  of  Diseases,  Tenth  Revision;  N/R,  not  reported. a

 For  Jakubczyk  et  al.  (2020), age  and  female  proportion  refer  to  the  full  study  sample
 because  demographic  characteristics  were  not  reported  separately  for  the  subsample  with  available  HCT  data.  b  The  overall  mean  age  and  female  proportion  were
 calculated  from  study-level  demographic  statistics  weighted  by  the  corresponding  demographic  sample  sizes.  The  overall  female  proportion  was  estimated  from
 reported  percentages.  

Table  2  Meta-analytic  results  for  HCT  performance  in  AUD  versus  HC. 

Reference  n  (AUD/HC) HCT  (AUD) HCT  (HC) Hedges’  g SE  g 95%  CI Weight  (%) 

Ateş  Çöl  et  al. 55/52  0.58  ±  0.18  0.71  ±  0.16  − 0.76  0.20  [ − 1.15,  − 0.36] 17.0  

Sönmez  et  al. 33/35  0.61  ±  0.23  0.75  ±  0.12  − 0.76  0.25  [ − 1.26,  − 0.27] 10.8  

Jakubczyk  et  al. 86/104  0.61  ±  0.16  0.72  ±  0.08  − 0.89  0.15  [ − 1.19,  − 0.59] 29.2  

Sübay  and  Sönmez  40/40  0.64  ±  0.15  0.73  ±  0.16  − 0.58  0.23  [ − 1.02,  − 0.13] 13.1  

Avcu  Meriç  and  Sönmez  52/52  0.60  ±  0.13  0.72  ±  0.09  − 1.07  0.21  [ − 1.48,  − 0.65] 15.5  

Billaux  et  al.  (A) 48/41  0.50  ±  0.26  0.64  ±  0.22  − 0.57  0.22  [ − 1.00,  − 0.15] 14.5  

Total  314/324  –  –  − 0.79  0.08  [ − 0.96,  − 0.63] 100.0  

Note.  HCT  values  are  reported  as  mean  ±  standard  deviation.  Effect  sizes  are  expressed  as  Hedges’  g,  with  negative  values  indicating  lower  HCT  performance  in  the
 AUD  group  relative  to  the  HC  group.  Weight  indicates  each  study’s  percentage  contribution  to  the  pooled  effect  estimate  in  the  random-effects  meta-analysis.  Billaux
 et  al.  (A)  refers  to  the  statistics  obtained  with  the  classic  HCT  instruction.  AUD,  alcohol  use  disorder  ;  HC,  healthy  controls;  HCT,  heartbeat  counting  task  ;  SE,  standard
 error  ;  CI,  confidence  inter  val. 

scale.  Heterogeneity  was  not  detectable  in  this  complementar  y

 analysis,  Q(5)  =  1.39,  I 2  =  0%,  τ  2  =  0  ( Supplementar  y  Table  S6).
 

Heterogeneity  

Between-study  heterogeneity  was  not  detectable  in  the  primar  y

 analysis  (Q  =  4.11,  df  =  5,  I 2  =  0.0%;  Supplementar  y  Table  S11).

 Given  the  small  number  of  included  studies,  these  estimates

 should  be  interpreted  cautiously.
 

Risk  of  bias  and  study  quality  

Study  quality  assessments  are  summarized  in  ( Supplementar  y

 Tables  S2  and  S3).  Overall,  studies  were  rated  as  having  moder-

 ate  methodological  quality  according  to  the  adapted  Newcastle–

 Ottawa  Scale,  with  adequate  scores  in  selection  and  outcome

 domains  but  more  variable  comparability.  Certainty  of  evidence

 was  not  formally  assessed;  instead,  findings  were  interpreted  nar-

 ratively  in  relation  to  study  quality,  sample  size,  consistenc  y,  pre  -

 cision,  and  sensitivity  analyses.
 

A  ssessment  of  meta-bias 

Potential  small-study  effects  were  explored  using  Egger’s  regres  -

 sion  test  and  visual  inspection  of  funnel  plots.  Egger’s  test  did  not

 indicate  asymmetr  y  (intercept  =  2.26,  P  =  .375)  ( Supplementar  y

 Table  S7),  and  visual  inspection  did  not  reveal  clear  deviations

 from  symmetr  y  ( Supplementar  y  Fig.  S3).  However,  these  analyses

 are  underpowered  given  the  small  number  of  included  studies  and

 should  be  interpreted  with  caution.
 

Notably,  studies  using  HCT  instructions  type  2  (“count  felt  heart-

 beats”)  appeared  to  cluster  in  regions  of  lower  precision,  suggest-

 ing  that  variation  in  task  design  may  contribute  to  the  obser  ved

 distribution  of  effect  sizes  ( Supplementar  y  Fig.  S3).
 

Additional  analyses  

Explorator  y  meta-regressions  examined  mean  age,  sex  distribu-

 tion,  and  task  instruction  type,  but  were  underpowered  and  not

 interpreted.  No  clinical  or  psychological  variable  was  consistently

 reported  across  all  studies,  precluding  further  quantitative  anal-

 yses  ( Supplementar  y  Table  S4).  Descriptive  analyses  suggested
 

D
ow

nloaded from
 academ

ic.oup.com
/alcalc/article/61/6/agag061/8833701 by Sistem

a de Bibliotecas y de Inform
ación de la U

niversidad de Buenos Aires user on 25 Septem
ber 2026

https://academic.oup.com/alcalc/article-lookup/doi/10.1093/alcalc/agag061#supplementary-data
https://academic.oup.com/alcalc/article-lookup/doi/10.1093/alcalc/agag061#supplementary-data
https://academic.oup.com/alcalc/article-lookup/doi/10.1093/alcalc/agag061#supplementary-data
https://academic.oup.com/alcalc/article-lookup/doi/10.1093/alcalc/agag061#supplementary-data
https://academic.oup.com/alcalc/article-lookup/doi/10.1093/alcalc/agag061#supplementary-data
https://academic.oup.com/alcalc/article-lookup/doi/10.1093/alcalc/agag061#supplementary-data
https://academic.oup.com/alcalc/article-lookup/doi/10.1093/alcalc/agag061#supplementary-data
https://academic.oup.com/alcalc/article-lookup/doi/10.1093/alcalc/agag061#supplementary-data


6 Alcohol and Alcoholism, 2026, Vol. 61, Issue 6         

Figure  2  Forest  plot  of  HCT  performance  differences  between  AUD  and  healthy  controls.  Note.  Positive  values  indicate  higher  HCT  performance  in  the

 AUD  group  than  in  the  control  subjects.  Marker  size  represents  each  study’s  weight  in  the  random-effects  model.  Horizontal  lines  indicate  95%

 confidence  inter  vals,  and  the  diamond  represents  the  pooled  random-effects  estimate  and  its  95%  confidence  inter  val.  Billaux  et  al.  (A)  refers  to  the

 statistics  obtained  with  the  classic  HCT  instruction.  

consistently  negative  group  differences  across  instruction  cate  -

 gories  ( Supplementar  y  Fig.  S4),  but  no  formal  subgroup  analyses

 were  conducted. 

Sensitivity  analyses 

Sensitivity  analyses  supported  the  robustness  of  the  primar  y

 finding.  Leave  -one  -out  analyses  yielded  stable  pooled  estimates

 ranging  from  −  0.83  to  − 0.75,  with  changes  not  exceeding  ±0.05,

 indicating  that  no  single  study  disproportionately  influenced  the

 result  ( Supplementar  y  Table  S8  and  Supplementar  y  Fig.  S5).

 Restricting  the  analysis  to  higher-quality  studies  produced

 a  comparable  estimate  (g  =  − 0.80,  95%  CI  [ − 1.02,  − 0.57];

 Supplementar  y  Table  S9).  Replacing  the  primar  y  Billaux  et  al.

(2025)  estimate  with  the  no  -guessing  condition  also  yielded

 a  similar  pooled  effect  (g  =  − 0.75,  95%  CI  [ − 0.95,  − 0.56];

 � g  =  0.04),  although  heterogeneity  increased  relative  to  the

 primar  y  model  (I 2  =  27.8%  vs  0.0%;  Supplementar  y  Tables  S10–

 S11  and  Supplementar  y  Fig.  S6).
 

Discussion 
The  present  meta-analysis  synthesizes  evidence  from  six  studies

 examining  HCT  performance  in  individuals  with  AUD.  The  pooled

 effect  indicated  lower  HCT  performance  in  AUD  relative  to  HC

 (g  =  − 0.79).  On  the  original  HCT  scale,  this  corresponded  to  an

 average  difference  of  about  0.12  points,  with  lower  scores  in  AUD.

 The  overall  pattern  remained  similar  across  multiple  sensitivity

 analyses,  including  leave  -one  -out  procedures,  restriction  to
 

higher-quality  studies,  and  substitution  of  the  standard  estimate

 from  Billaux  et  al.  (2025)  with  an  alternative  estimate  obtained

 under  instructions  discouraging  guessing.  However,  the  apparent

 homogeneity  should  be  interpreted  cautiously  given  the  small

 number  of  studies.  In  addition,  four  of  the  six  studies  originated

 from  closely  related  institutional  settings  and  shared  overlapping

 authorship.
 

Together,  these  findings  suggest  a  preliminar  y  but  consistent

 group  -level  difference  in  HCT  performance,  characterized  by  lower

 correspondence  between  reported  and  recorded  heartbeats  in

 AUD.  The  present  meta-analysis  cannot  determine  whether  this

 pattern  reflects  a  pre  -existing  vulnerability,  a  consequence  of  pro  -

 longed  alcohol  exposure,  or  their  interaction.  Importantly,  even  if

 concerns  regarding  HCT  validity  are  accepted,  the  obser  ved  AUD–

 HC  difference  still  calls  for  explanation.
 

These  findings  are  aligned  with  a  recent  systematic  review  of

 interoception  in  SUDs,  which  identified  reduced  IAcc  as  the  most

 consistent  pattern  in  AUD  ( Im  et  al.  2026).  Our  study  extends  that

 conclusion  by  quantifying  the  magnitude,  precision,  and  robust-

 ness  of  the  specific  AUD–HC  difference  in  HCT  performance,  while

 explicitly  treating  HCT  scores  as  task-based  behavioral  indices

 rather  than  direct  measures  of  cardiac  IAcc. 

Additionally,  our  findings  may  appear  to  contrast  with  meta-

 analytic  evidence  showing  no  meaningful  associations  between

 HCT  performance  and  mental  health  indicators  such  as  anxiety,

 depression,  and  alexithymia  ( Desmedt  et  al.  2022).  However,

 Desmedt  et  al.  examined  dimensional  within-sample  associa-

 tions,  whereas  the  present  meta-analysis  tests  a  categorical  AUD–

 HC  contrast  .  Thus,  HCT  performance  may  fail  to  track  dimensional
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mental  health  variation  while  still  showing  a  consistent  mean

 difference  across  the  available  studies.  This  pattern  is  compatible

 with  the  possibility  that  HCT  captures  a  stable  group  -level

 performance  shift  rather  than  a  valid  dimensional  marker  of  IAcc

 or  symptom  severity.
 

This  interpretation  aligns  with  broader  concerns  regarding  the

 construct  validity  of  the  HCT.  Several  studies  argue  that  HCT  per-

 formance  is  influenced  by  multiple  factors,  including  time  esti-

 mation,  prior  beliefs,  attentional  strategies,  and  response  biases

 ( Brener  and  Ring  2016,  Desmedt  et  al.  2018,  Zamariola  et  al.  2018,

 Corneille  et  al.  2020,  Desmedt  et  al.  2020,  Billaux  et  al.  2025).  From

 this  perspective,  the  obser  ved  AUD–HC  difference  may  reflect  sys  -

 tematic  group  differences  in  these  perceptual  and  non-perceptual

 influences,  rather  than  a  specific  interoceptive  deficit  .
 

In  this  regard,  the  present  findings  are  compatible  with

 accounts  emphasizing  the  role  of  estimation-related  processes

 in  HCT  performance.  In  the  sensitivity  analysis,  replacing  the  stan-

 dard  estimate  from  Billaux  et  al.  (2025)  with  the  estimate  obtained

 under  instructions  discouraging  guessing  slightly  attenuated  the

 pooled  effect  and  increased  heterogeneity  (I 2  from  0%  to  27.8%),

 while  leaving  the  overall  AUD–HC  difference  intact  .  Together

 with  visual  indications  that  effect  sizes  may  var  y  across  task

 instructions  ( Supplementar  y  Figs  S3– S4),  this  pattern  suggests

 that  instruction-dependent  estimation  or  response  strategies

 may  influence  HCT  performance.  Importantly,  the  persistence

 of  a  group  difference  under  no  -guessing  instructions  should  not

 be  interpreted  as  evidence  that  the  residual  effect  reflects  pure

 cardiac  IAcc.  Rather,  it  indicates  that  the  AUD–HC  difference  in

 HCT  performance  is  not  fully  eliminated  when  explicit  guessing  is

 discouraged.
 

In  light  of  these  results,  the  HCT  should  be  used  cautiously

 and  within  a  broader  multimethod  assessment  of  interoception

 in  AUD.  Interoception  is  a  multidimensional  construct  encompass  -

 ing  perceptual  sensitivity,  metacognitive  awareness,  and  affective

 interpretation,  and  no  single  task  can  fully  capture  all  of  these

 dimensions  ( Garfinkel  et  al.  2015,  Khalsa  et  al.  2018).  More  broadly,

 these  findings  are  consistent  with  evidence  of  substantial  hetero  -

 geneity  and  limited  cross  -task  convergence  across  interoceptive

 measures  (e.g.  Trevisan  et  al.  2019,  Hickman  et  al.  2020,  Irigoras

Izagirre  et  al.  2026).
 

From  this  perspective,  reduced  HCT  performance  in  AUD

 is  unlikely  to  reflect  a  unitar  y  deficit  in  cardiac  perceptual

 accurac  y  and  may  instead  arise  from  the  combined  contribution

 of  perceptual,  attentional,  inferential,  and  estimation-related

 processes.  Predictive  coding  accounts  provide  one  possible

 framework  for  interpreting  such  differences,  insofar  as  HCT

 performance  may  depend  on  the  integration  of  bodily  signals  with

 prior expectations  and  response  strategies  ( Seth  2013,  Barrett  and

Simmons  2015,  Ainley  et  al.  2016,  Seth  and  Friston  2016).  However,

 these  mechanisms  were  not  directly  examined  in  the  present

 meta-analysis  and  should  therefore  be  regarded  as  hypotheses

 for  future  research  rather  than  explanations  established  by  the

 current  findings.
 

To  do  this,  future  work  should  also  further  standardize  the

 experimental  protocol  of  the  HCT  (i.e.  variations  in  the  number

 and  duration  of  inter  vals,  pause  length,  practice  trials)  to  reduce

 potential  confounds.  In  addition,  contextual  conditions  such  as

 the  acoustic  testing  environment  remain  insufficiently  described

 and  may  influence  whether  participants  rely  on  non-interoceptive

 cues  or  perceptual  access  to  bodily  signals.
 

A  key  challenge  is  to  distinguish  factors  that  introduce  mea-

 surement  bias  from  those  that  constitute  genuine  components

 of  HCT  performance.  Future  paradigms  should  explicitly  model

 the  interaction  between  sensor  y  signals,  prior  knowledge,  and

 cognitive  processes  ( Smith  et  al.  2020,  Allen  et  al.  2022,  Legrand

et  al.  2022).  Multimethod  approaches  integrating  complementar  y

 interoceptive  measures,  including  tasks  grounded  in  signal  detec-

 tion  frameworks  and  measures  less  susceptible  to  confounds,  may

 further  help  disentangle  these  processes  ( Desmedt  et  al.  2023).
 

Clinically,  our  results  should  not  be  taken  to  support  the  use  of

 HCT  performance  as  a  diagnostic  marker  or  as  a  direct  treatment

 target  in  AUD.  Rather,  they  suggest  that  task-based  differences

 in  bodily-signal  processing  may  be  relevant  for  understanding

 clinically  important  alcohol-related  processes  such  as  craving,

 withdrawal,  relapse  vulnerability,  and  emotion  regulation  ( Paulus

and  Stewart  2013,  Lovelock  et  al.  2021,  Wi  ́sniewski  et  al.  2021).

 Future  inter  vention  studies  could  examine  whether  approaches

 targeting  bodily  awareness  and  the  interpretation  of  internal

 states  improve  alcohol-related  outcomes,  while  using  comple  -

 mentar  y  measures  capable  of  separating  perceptual,  cognitive,

 attentional,  and  metacognitive  components  of  interoceptive

 processing  ( Khalsa  et  al.  2018,  Desmedt  et  al.  2023).
 

The  present  findings  should  be  interpreted  in  light  of  several

 limitations.  The  small  number  of  included  studies  limits  statistical

 power  and  precludes  robust  moderator  analyses,  including  the

 potential  roles  of  abstinence  duration,  clinical  severity,  and

 sex  differences.  Moreover,  four  of  the  six  included  estimates

 came  from  closely  related  institutional  settings  and  partially

 overlapping  research  groups.  Although  reported  recruitment

 windows  did  not  overlap,  reducing  concern  about  direct  par-

 ticipant  duplication,  this  concentration  of  evidence  limits  the

 external  independence  of  the  available  literature  and  warrants

 caution  when  interpreting  the  apparent  consistenc  y  of  effects.

 Accordingly,  independent  replication  studies  using  theoretically

 informed  and  methodologically  standardized  HCT  protocols  are

 needed  to  determine  whether  this  emerging  pattern  generalizes

 beyond  the  currently  available  evidence  base.  Although  several

 studies  reported  secondar  y  measures  relevant  to  interoception

 and  addiction,  these  variables  were  inconsistently  assessed  across

 studies,  limiting  their  inclusion  in  quantitative  analyses.
 

In  addition,  the  exclusive  reliance  on  a  single  task  limits  the

 ability  to  generalize  findings  across  different  modalities  of  intero  -

 ception  and  constrains  the  interpretation  of  the  obser  ved  group  -

 level  difference.  A  s  such,  the  present  results  should  be  understood

 as  specific  to  HCT  performance  rather  than  as  providing  a  compre  -

 hensive  account  of  interoceptive  functioning  in  AUD.
 

Conclusion 
Across  six  studies,  this  meta-analysis  found  lower  HCT  perfor-

 mance  in  individuals  with  AUD  than  in  HC,  with  a  moderate  -to  -

 large  pooled  effect  (g  =  −  0.79).  Given  the  small  evidence  base  and

 the  concentration  of  four  studies  within  closely  related  research

 settings,  these  findings  should  be  regarded  as  preliminar  y  but

 directionally  consistent  rather  than  as  evidence  of  established

 reproducibility.  They  should  also  not  be  interpreted  as  direct  evi-

 dence  of  reduced  cardiac  interoceptive  accurac  y.  Given  longstand-

 ing  validity  concerns,  the  obser  ved  pattern  is  better  understood  as

 a  task-based  difference  that  may  reflect  the  combined  influence
 

D
ow

nloaded from
 academ

ic.oup.com
/alcalc/article/61/6/agag061/8833701 by Sistem

a de Bibliotecas y de Inform
ación de la U

niversidad de Buenos Aires user on 25 Septem
ber 2026

https://academic.oup.com/alcalc/article-lookup/doi/10.1093/alcalc/agag061#supplementary-data
https://academic.oup.com/alcalc/article-lookup/doi/10.1093/alcalc/agag061#supplementary-data


8 Alcohol and Alcoholism, 2026, Vol. 61, Issue 6         

of  perceptual  sensitivity,  prior  expectations,  attentional  strate  -

 gies,  and  estimation  processes.  Thus,  although  frameworks  such

 as predictive  coding  offer  plausible  interpretations,  the  available

 data  do  not  allow  adjudication  among  competing  mechanisms.

 Independent  studies  conducted  across  more  diverse  research  set-

 tings  are  needed  to  determine  whether  this  apparent  AUD–HC  dif-

 ference  generalizes  beyond  the  currently  available  evidence  base.
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