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 Abstract 

 Addiction  is  a  growing  concern  among  the  healthcare  community  as  harmful  addictive  behaviors  stemming  from 
 various  stimuli,  such  as  alcohol  and  drugs,  continue  to  heighten  amongst  adults  as  well  as  adolescents.  In  addition  to 
 the  negative  neurological  implications  of  addiction,  it  is  essential  to  recognize  that  this  addiction  has  a  contrasting 
 effect  on  an  underdeveloped  brain  compared  to  a  fully  developed  one.  Multiple  articles  on  addiction  to  stimuli, 
 written  by  experts  in  the  neuroscience  and  neuropsychology  field,  were  examined  to  determine  how  addiction  affects 
 brain  function,  including  long-term  and  short-term  effects,  neurotransmission  and  neuronal  circuits,  adaptation, 
 regrowth,  etc.,  and  treatment  of  adults  versus  adolescents.  While  most  of  the  negative  neurological  implications  of 
 addiction  are  identified  and  analyzed,  it  is  also  concluded  that  most  of  the  effects  of  addiction  which  commonly 
 occur  in  adults  also  take  place  in  the  adolescent  brain.  Additionally,  adolescents  are  susceptible  to  a  greater  degree  of 
 risk due to the brain’s underdeveloped state, leading to an increasingly grueling road to recovery in all aspects. 
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 1.  Introduction 

 Addiction  is  a  complex  brain  disorder  in  which  an 
 individual  is  compulsively  engaged  in  rewarding 
 stimuli,  despite  its  detrimental  outcomes  (NIDA, 
 2018).  Many  possible  stimuli  (e.g.,  drugs)  can  cause 
 addiction.  Different  factors  such  as  biology 
 (genetics),  environment  (family  and  friends),  or 
 development  (biological  and  environmental  factors 
 combined)  can  cause  addiction.  Although  the 
 decision  to  take  the  stimuli  is  usually  voluntary, 
 continued  use  can  lead  to  severe  changes  in  the  brain, 
 leading  the  process  of  withdrawal  to  be  highly 
 grueling  and  painful  (NIDA,  2018).  Due  to  the 
 several  interconnected  circuits  in  the  brain  working 
 together  to  perform  certain  functions,  the  brain  uses 
 various  neurotransmitters  to  coordinate  and  perform 

 these  actions.  In  a  cognitively  normal  brain,  a  neuron 
 releases  a  neurotransmitter  into  a  synapse  where  it 
 attaches  to  receptors  in  the  receiving  neuron,  leading 
 to  changes  in  the  receiving  cells.  Since  there  are  not 
 nearly  as  many  neurotransmitters  as  neurons  in  the 
 brain,  molecules  called  transporters  recycle  the 
 neurotransmitter  and  guide  it  back  to  its  original 
 neuron.  This  process  allows  neuron  signaling  to 
 occur. 

 Nevertheless,  when  addiction  is  introduced  into 
 this  cycle,  the  process  of  neurotransmission  and 
 neuron  signaling  can  drastically  change.  For  example, 
 when  drugs  such  as  marijuana  or  heroin  are  presented 
 to  the  brain,  neurons  activate  due  to  the  drugs’ 
 chemical  structure  mimicking  neurotransmitters  in 
 the  body.  Consequently,  the  drugs  attach  to  the 
 receptors  in  a  neuron,  and  unlike  a  natural 
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 neurotransmitter,  abnormal  messages  are  transmitted 
 throughout  the  network.  This  shifts  the  brain’s 
 balance  and  leads  to  critical  changes  in  humans’ 
 behavior and cognitive function. 

 Key  parts  of  the  brain  which  are  negatively 
 impacted  by  addiction  include  the  basal  ganglia, 
 extended  amygdala,  and  prefrontal  cortex.  The  basal 
 ganglia  are  involved  in  the  brain’s  role  in  positive 
 forms  of  motivation,  including  the  “reward  system” 
 known  to  cause  euphoria  when  using  stimuli  during 
 the  course  of  addiction.  The  extended  amygdala  plays 
 a  role  in  stressful  feelings,  allowing  a  person  to  seek 
 out  the  comfort  stimuli.  The  prefrontal  cortex,  which 
 controls  our  ability  to  think  and  make  decisions,  is 
 affected  by  addiction  in  that  the  shifting  balance  of 
 this  circuit  and  that  of  the  basal  ganglia  and  extended 
 amygdala  cause  an  individual  to  seek  a  stimulus 
 compulsively (NIDA, 2020). 

 Figure  1.  Parts  of  the  Brain  Affected  by  Addiction. 
 (NIDA, 2020). 

 Addiction  is  a  harmful  disorder,  but  when 
 adolescents  become  prey  to  it,  the  danger  of  brain 
 damage  and  cognitive  impairment  is  maximized. 
 Since  the  brain  fully  develops  at  the  age  of  25, 
 adolescents’  brains  are  very  prone  to  addiction.  The 
 prevalence  of  drugs  and  alcohol  is  widespread  among 

 teenagers,  and  the  possibility  of  addiction  among  this 
 population  has  significantly  increased 
 (Schramm-Sapyta  et  al.,  2009).  While  the  effects  of 
 addiction  on  brain  functionality  are  more  commonly 
 known  regarding  a  fully  developed  brain,  it  is  also 
 essential  to  understand  the  key  differences  between 
 addiction  in  an  adolescent’s  brain  versus  that  of  an 
 adult.  With  this  literature  review,  differentiating 
 between  addiction  in  an  adolescent  brain  versus  the 
 same  in  an  adult  brain  can  shine  light  upon  the  effects 
 of  addiction  on  two  key  populations;  this  may  lead  to 
 further  development  in  patient-specific  (based  on 
 whether  the  patient  is  an  adolescent  or  adult) 
 treatments  based  on  a  given’s  patient  particular 
 neurological  state  at  the  time  of  seeking 
 rehabilitation.  Additionally,  with  continued  research 
 regarding  this  topic,  innumerable  individuals  will  be 
 assisted  with  targeted  therapies,  treatments,  and 
 medications for both adolescents and adults. 

 Figure  2.  Sequence  of  Cortical  Grey  Matter 
 Maturation  from  early  childhood  into  adulthood. 
 (Hammond et al., 2014). 

 2.  Short-Term Effects 

 There  are  many  effects  of  addiction  on  the  whole 
 body.  Common  short-term  effects  of  any  type  of 
 addiction  include  permanent  cognitive  disruption  or 
 impairment,  confusion,  seizure,  problems  with 
 remaining  conscious,  respiratory  suppression,  low 
 heart rate, and vomiting (Mosel, 2021). 

 The  chances  of  these  effects  occurring  are 
 heightened  when  the  individual  is  under  25  years  old. 
 In  addition  to  the  eminent  heart,  respiratory,  and 
 digestion  problems  associated  with  addiction,  severe 
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 neurological  impairments  can  occur.  When  a  more 
 senior  individual  faces  the  problem  of  fighting 
 addiction,  their  brain  is  already  fully  developed, 
 meaning  that  it  has  completed  its  cycle  of 
 establishing  connections  between  neurons.  The  part 
 of  the  brain  which  is  developed  last  as  an  adult,  the 
 prefrontal  cortex,  serves  as  the  most  important  and 
 fragile  part  of  the  brain  when  exposed  to  addiction. 
 Since  it  controls  the  most  important  actions  of  an 
 individual,  such  as  decision  making,  its  neuronal 
 connections  need  to  be  fully  developed,  complex,  and 
 strong.  With  these  types  of  refined  connections  in  the 
 brain,  the  risk  of  permanent  cognitive  impairment  and 
 the  chances  of  confusion  and  seizures  are  lowered 
 (Goldstein and Volkow, 2011). 

 However,  when  an  adolescent  is  in  the  question, 
 there  is  an  increased  probability  for  the  brain  to  be 
 permanently  impaired  or  damaged.  Since  the  brain  is 
 still  in  the  process  of  “sculpting”  a  number  of  these 
 neurological  connections,  unused  or  unwanted  links 
 are  removed,  and  longer  chains  of  nerve  cells  are 
 constructed  for  information  to  be  processed  much 
 more  efficiently.  If  these  circuits  cannot  be  fully 
 developed  during  adolescence,  the  chance  of 
 cognitive  impairment  or  permanent  damage  is  very 
 likely (Winters & Arria, 2011). 

 3.  Long-Term Effects 

 Possible  long-term  effects  of  addiction  include 
 permanent  brain  damage,  depression,  anxiety, 
 confusion,  memory  problems,  coordination 
 difficulties,  Wernicke-Korsakoff  Syndrome  (a  result 
 of  poor  nutrition),  and,  in  severe  cases,  death  (Mosel, 
 2021). 

 The  long-term  effects  of  addiction  are  similar  to 
 the  short-term  effects,  yet  they  are  further  heightened. 
 Mental  health  disorders  such  as  anxiety  and 
 depression  are  also  possible  effects.  This  is  most 
 likely  due  to  the  dejected  feeling  of  addiction  and  the 
 lack  of  optimism  that  can  occur  while  a  patient  tries 
 to  withdraw  from  the  given  stimuli  but  repeatedly 
 fails  without  help  from  a  professional.  Disorders  such 
 as  these  can  be  very  harmful  to  adolescents  because 
 they  cannot  learn  how  to  cope  with  these  feelings, 
 especially  with  problems  such  as  peer  pressure  and 
 social  media.  Furthermore,  it  is  challenging  for  young 

 individuals  to  accept  that  they  have  a  mental  health 
 problem. 

 In  addition  to  the  damage  to  the  prefrontal  cortex, 
 there  is  a  possibility  for  the  hippocampus,  the  part  of 
 the  brain  responsible  for  memory,  to  be  damaged  or 
 shrunken.  Hippocampal  damage  at  a  young  age  can 
 be  harmful  to  mental/neurological  health  and  an 
 individual’s  social  and  academic  life.  Memory  loss 
 can  cause  a  person  to  not  perform  to  their  potential  in 
 school  and  lose  trust  and  accountability  from  their 
 peers.  Although  it  is  not  very  likely  that  an 
 adolescent  will  die  from  addiction,  it  is  possible  that 
 anyone  (adult  or  adolescent)  can  die  from  the 
 neurological,  digestive,  heart,  respiratory,  or  mental 
 health  effects  and  aftermath  of  addiction  (Winters  and 
 Arria, 2011). 

 4.  Neurotransmission and Circuit Systems 

 An  essential  neurotransmitter  regarding  addiction 
 and  the  neurobiology  behind  it  is  dopamine  (NIDA, 
 2017).  This  neurotransmitter  plays  a  vital  role  in  the 
 brain’s  reward  system.  When  the  individual  is 
 exposed  to  addictive  stimuli,  a  sense  of  contentment 
 is  felt,  leading  them  to  consume  more  and  more  of 
 that  stimuli.  The  natural  or  artificial  stimulants 
 activate  the  dopaminergic  pathway  (mesolimbic 
 dopamine  pathway),  leading  to  increased  dopamine 
 levels  in  the  nucleus  accumbens.  Humans  who  are 
 addicted  to  something  yearn  for  this  type  of  feeling, 
 allowing  the  dopamine  levels  to  fluctuate  constantly. 
 When  these  levels  increase,  the  person  continuously 
 needs  more  stimuli  to  feel  that  same  level  of 
 contentment.  This  increasing  level  of  stimuli 
 inevitably leads to addiction. 

 Nicotine  serves  as  a  significant  agonist  to  the 
 neurotransmitter  acetylcholine.  People  addicted  to 
 tobacco,  e-cigarettes,  etc.,  usually  have  varying 
 acetylcholine  levels.  Contrary  to  popular  belief,  the 
 brain  has  nicotinic  receptors,  which  are  essential  to 
 brain  functionality.  However,  when  the  individual  is 
 addicted  to  nicotine,  its  effects  are  exerted  by  acting 
 on  this  receptor  for  acetylcholine.  Some  of  these 
 receptors  are  located  in  the  cell  bodies  of  dopamine 
 neurons,  leading  to  an  increase  in  dopamine  release, 
 thereby  increasing  a  person’s  reward  feeling 
 (  Tomkins and Sellers, 2001)  . 
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 Figure  3.  Reward  System  in  the  Brain:  How 
 Individuals  Choose  to  Continuously  Consume 
 Stimuli. (  Tomkins and Sellers, 2001). 

 The  neurotransmitter  serotonin  is  essentially 
 responsible  for  stabilizing  mood,  condition,  feelings, 
 learning,  memory,  and  much  more.  Its  neurobiology 
 is  complex  and  multifaceted  but  is  known  to  have  a 
 crucial  role  in  behavioral  adaptation  to  stress 
 (inclusive  of  addictive  phenotypes).  This 
 neurotransmitter  comes  into  play  after  it  has  been 
 established  that  a  person  is  addicted  to  stimuli.  The 
 feelings  that  are  associated  with  addiction  are  similar 
 to  that  of  depression  or  anxiety.  These  serve  as 
 disruptions  to  the  brain’s  serotonin  levels,  making  it 
 much  harder  to  regulate  these  emotions.  This  creates 
 an  individual  more  vulnerable  to  addiction  because 
 they  rely  on  that  stimulant  to  make  them  feel  better 
 (Patkar et al., 2016). 

 All  of  these  neurotransmitters  play  a  major  role  in 
 the  addicted  brain.  It  is  crucial  to  consider  the 
 difference  or  increased  number  of  effects  that  could 
 occur  if  adolescents  are  exposed  to  addiction.  The 
 rewarding  feeling  from  a  dopamine  release  will 
 continue  to  grow  and  allow  the  young  individual  to 
 consume  much  more  significant  amounts  of  the 
 stimulant  (because  they  are  likely  unaware  of  a  safe 
 limit).  If  the  person  is  addicted  to  nicotine  (which  is 
 very  likely  especially  now  because  of  the  increased 
 availability  of  e-cigarettes  in  high  schools),  their 
 acetylcholine  levels  will  fluctuate,  and  increased  use 
 of  nicotinic  receptors  to  feel  that  sense  of 
 contentment.  In  addition  to  the  neurological  effects, 
 the  adolescent’s  mental  health  can  be  drastically 

 affected  by  fluctuating  serotonin  levels,  allowing 
 them  to  damage  their  relationships  with  their  family 
 and  friends  at  a  young  age.  This  will  lead  to  the 
 addiction  being  further  fostered.  Again,  since 
 adolescents  are  young  and  their  brains  are 
 underdeveloped,  these  changes  will  be  more 
 substantial than those for an adult. 

 5.  Neuroadaptation 

 For  an  individual  to  establish  addictive  behavior 
 towards  a  given  stimulant,  positive  reinforcing  effects 
 (i.e.,  reward  feeling)  are  critical.  However,  both 
 positive  and  negative  reinforcing  effects  are  needed 
 to  maintain  consumption  of  stimuli  and  develop  the 
 addiction.  Neuroadaptation  is  a  modulatory  process 
 that  can  increase  reinforcement  with  repeated 
 exposure. 

 Counteradaption  is  a  term  inclusive  of  the 
 processes  initiated  to  oppose  the  acute  effects  of 
 stimuli.  Counteradaptive  processes  include  tolerance 
 (represents  a  reduction  in  the  stimulant’s  effect; 
 tolerance  to  the  desired  result  could  likely  stimulate 
 increased  use  in  attempting  to  experience  the  initial 
 intensity  and  feeling)  and  withdrawal  (the  symptoms 
 are  usually  opposite  from  the  initial  effect  when  the 
 stimulant  is  removed  altogether.  This  counters  the 
 same  acute  effects  from  the  stimulus)  (  Roberts  and 
 Koob, 1997)  . 

 Figure  4.  Neurocircuitry  schematic  illustrating  the 
 combination  of  adaptations  in  circuit  systems  across 
 the  addiction  cycle  (binge,  withdrawal,  craving). 
 (Hammond et al., 2014). 
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 The  process  of  neuroadaptation  is  much  faster  for 
 an  adolescent  due  to  their  strong  reward  system.  This 
 makes  young  individuals  vulnerable  targets  for 
 addiction.  In  turn,  the  counter-adaptive  process  will 
 be much more difficult (Hammond et al., 2014). 

 6.  Regrowth 

 When  a  person  withdraws  from  their  addiction, 
 more  time  spent  in  abstinence  allows  for  the  brain  to 
 recover  and  regrow  the  damaged  circuits  in  the  brain. 
 Slowly,  the  brain  starts  functioning  the  way  it  used  to 
 and becomes very active. 

 Research  has  shown  that  adult-born  neural  and 
 glial  progenitors  can  promote  recovery  from 
 addiction.  In  simple  terms,  progenitors  are  the 
 offspring  of  stem  cells  that  can  self-renew  and 
 survive  or  mature  into  different  types  of  cells  (e.g., 
 neurons,  glial  cells).  Adult  neurogenesis  and 
 gliogenesis  can  contribute  to  the  regulation  of 
 addiction,  especially  in  the  hippocampus  and  cortex. 
 The  loss  of  newborn  progenitors  in  these  parts  of  the 
 brain  can  determine  the  vulnerability  of  addiction  that 
 an  individual  can  possess.  Furthermore,  the 
 normalization  of  addiction-impaired  neurogenesis 
 helps  reverse  neuroplasticity,  which  is  formed  during 
 abstinence,  thereby  helping  reduce  exposure  and 
 promoting regrowth (  Mandyam and Koob, 2012)  . 

 Of  course,  the  adult-born  progenitors  will  not 
 assist  in  the  recovery  of  an  adolescent  due  to  the 
 underdevelopment.  This  is  another  sign  indicating  the 
 dangers  of  addiction  in  adolescents.  Since  there  is 
 less  hope  for  regrowth,  permanent  brain  impairment 
 or damage is likely. 

 7.  Treatment 

 There  are  various  treatment  methods  for 
 addiction.  Addiction  treatment  usually  includes  group 
 and  therapy  sessions  where  recovery  skills  are  also 
 obtained.  Some  include  Cognitive  Behavioral 
 Therapy  (CBT),  Contingency  Management, 
 Motivational  Interviewing  (MI),  Dialectical 
 Behavioral  Therapy  (DBT),  Rational  Emotive 
 Behavior  Therapy  (REBT),  Matrix  Model,  and  12 
 Step Facilitation (Miller, 2021). 

 Treatment  methods  for  adolescents  include 

 Motivational  Enhancement  Therapy,  Adolescent 
 Community  Reinforcement  Approach  (ACRA), 
 Contingency  Management,  Family  Behavioral 
 Therapy,  Brief  Strategic  Family  Therapy  (BSFT), 
 Multidimensional  Family  Therapy  (MFT),  Assertive 
 Continuing  Care,  Peer  Recovery  Support  Services, 
 and a Recovery High School (Miller, 2021). 

 Although  there  are  many  different  types  of 
 treatments  available  for  different  types  of  addiction 
 disorders,  it  is  necessary  to  observe  that  there  are 
 different  types  of  therapy  for  adults  compared  to 
 adolescents.  Most  of  the  therapies  for  adults  focus  on 
 bettering  themselves  and  trying  to  prevent  relapse. 
 Adolescent  therapy  focuses  on  the  family  aspect  in 
 addition  to  the  individual.  It  is  important  to  consider 
 the  family  environment  from  which  the  child  was 
 coming  from,  which  may  or  may  not  have  led  to 
 addiction.  Bettering  the  atmosphere  at  home  or  in 
 schools  greatly  affects  the  number  of  adolescents 
 struggling with addiction. 

 8.  Conclusion 

 Addiction  is  a  brain  disorder  manifested  by 
 compulsive  substance  use  despite  harmful 
 consequences.  Adolescents  can  be  significantly  more 
 harmed  by  addiction  due  to  the  underdevelopment  of 
 the  brain.  The  brain’s  circuit  systems  are  not  fully 
 developed  and  can  be  permanently  damaged  from 
 this  disorder.  Moreover,  the  reward  system  of  the 
 brain  is  the  strongest  during  adolescence,  allowing 
 young  individuals  to  become  more  vulnerable  to 
 addiction.  Due  to  the  low  number  of  developed 
 neuronal  circuits,  it  becomes  even  more  difficult  for 
 the young brain to recover from addiction. 

 At  this  point,  teenagers  are  struggling  with 
 addiction  to  nicotine,  alcohol,  drugs,  etc.,  because  it 
 is  widely  available  around  them.  A  consideration  is 
 an  improved  environment  around  these  young 
 individuals.  Peer  pressure  and  social  media  culture 
 are  very  pervasive  amongst  high  school  and  middle 
 school  students.  If  a  child  observes  their  peers 
 engaging  in  an  activity,  it  is  likely  for  them  to  join. 
 This  is  the  result  of  an  impressionable  mind,  common 
 in  developing  brains.  A  young  individual  should  be 
 around  a  positive  social  and  academic  environment 
 and  have  strong  relationships  with  their  family  and 
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 peers. 
 Addiction  is  tough  to  cope  with  and  recover  from 

 because  it  requires  immense  mental  and  physical 
 strength.  Adolescents  especially  experience  great 
 hardships  due  to  their  young  age  and  inexperience  in 
 life.  Research  regarding  this  topic  must  be  continued 
 because  it  will  allow  light  to  shine  upon  better 
 therapies,  treatments,  medications,  and  possibly, 
 preventive  action  of  addiction,  which  can  assist 
 millions worldwide. 
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