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Bilingualism:	
  demographics	
  

Marian	
  and	
  Shook,	
  2012	
  



Bilingualism	
  and	
  language	
  processing	
  

•  There	
  is	
  evidence	
  of	
  joint	
  acLvaLon	
  of	
  languages	
  at	
  
all	
  Lmes	
  

•  Joint	
  acLvaLon	
  creates	
  an	
  aSenLonal	
  problem:	
  the	
  
bilingual	
  speaker	
  must	
  select	
  the	
  correct	
  language	
  
from	
  compeLng	
  opLons	
  and	
  inhibit	
  the	
  non-­‐target	
  
language	
  

•  Language	
  switching	
  accompanied	
  by	
  acLvaLon	
  of	
  
dorsolateral	
  prefrontal	
  cortex	
  (DLPFC)	
  –	
  a	
  brain	
  area	
  
important	
  for	
  execuLve	
  control	
  



Brain	
  areas	
  involved	
  in	
  language	
  switching	
  

Hernandez	
  2009	
  



Effects	
  of	
  bilingualism	
  on	
  cogniLve	
  tesLng	
  

•  On	
  picture-­‐naming	
  tasks,	
  bilinguals	
  are	
  slower	
  and	
  
less	
  accurate	
  than	
  monolinguals,	
  even	
  in	
  their	
  first	
  
and	
  dominant	
  language	
  

•  Bilinguals	
  are	
  slower	
  in	
  semanLc	
  fluency	
  task	
  	
  
(“Tell	
  me	
  as	
  many	
  animals	
  as	
  you	
  can	
  in	
  a	
  minute”)	
  

•  Bilinguals	
  showed	
  beSer	
  execuLve	
  control	
  than	
  
monolinguals	
  

•  Bilinguals	
  showed	
  beSer	
  episodic	
  memory	
  recall	
  
(Schroeder	
  2012)	
   	
  

Bialystok	
  2012	
  



There	
  is	
  evidence	
  for	
  both	
  cogniLve	
  advantages	
  
and	
  disadvantages	
  in	
  bilingual	
  adults	
  

Areas	
  of	
  disadvantage	
  for	
  bilinguals	
   Areas	
  of	
  advantage	
  for	
  bilinguals	
  

Vocabulary	
   ExecuLve	
  control	
  

Picture	
  naming	
   Episodic	
  memory	
  

SemanLc	
  fluency	
  



Effects	
  of	
  bilingualism	
  on	
  brain	
  
connecLvity	
  

•  With	
  brain	
  aging	
  there	
  is	
  reduced	
  myelin,	
  small	
  vessel	
  
alteraLons,	
  and	
  reduced	
  axonal	
  structure/coherence	
  as	
  
measured	
  on	
  DTI	
  imaging	
  

•  Study	
  of	
  28	
  healthy	
  older	
  adults	
  (14	
  bilinguals,	
  14	
  
monolinguals)	
  

•  Normal	
  cogniLve	
  tesLng,	
  matched	
  for	
  age	
  and	
  educaLon	
  
•  On	
  MRI	
  brain	
  DTI,	
  bilinguals	
  showed	
  beSer	
  maintenance	
  of	
  

white	
  maSer	
  integrity	
  in	
  the	
  corpus	
  callosum,	
  superior	
  
longitudinal	
  fasciculus,	
  IFOF,	
  and	
  uncinate	
  fasciculus	
  

Luk	
  2011	
  



Increased	
  bihemispheric	
  white	
  
maSer	
  connecLvity	
  in	
  bilinguals	
  



Language	
  deficits	
  arising	
  in	
  AD	
  
•  AD	
  is	
  characterized	
  by	
  short	
  term	
  memory	
  impairment:	
  rapid	
  

forgeeng,	
  cues	
  do	
  not	
  lead	
  to	
  improvement	
  
•  Language	
  deficits	
  in	
  AD	
  manifest	
  as	
  word-­‐retrieval	
  difficulLes	
  
•  Language	
  deficits	
  tested	
  as	
  impaired	
  object	
  naming	
  and	
  

verbal	
  fluency	
  (semanLc	
  worse	
  than	
  phonemic)	
  
•  Language	
  deficits	
  are	
  due	
  to	
  impaired	
  semanLc	
  memory	
  (loss	
  

of	
  knowledge	
  of	
  parLcular	
  items	
  or	
  concepts	
  and	
  the	
  
associaLons	
  between	
  them)	
  



Language	
  deficits	
  arising	
  in	
  AD	
  
•  In	
  the	
  iniLal	
  stages	
  of	
  AD,	
  the	
  lexico-­‐semanLc	
  system	
  

disintegrates	
  progressively,	
  whereas	
  the	
  phonological	
  and	
  
syntacLc	
  systems	
  remain	
  relaLvely	
  preserved	
  

•  As	
  AD	
  progresses,	
  all	
  levels	
  of	
  linguisLc	
  structure	
  (phonology,	
  
morphology,	
  syntax,	
  lexicon,	
  and	
  semanLcs)	
  deteriorate	
  unLl	
  
a	
  state	
  of	
  muLsm	
  results	
  	
  

•  Logopenic	
  primary	
  progressive	
  aphasia	
  is	
  ogen	
  due	
  to	
  AD	
  
pathology	
  and	
  is	
  characterized	
  by	
  hesitant,	
  grammaLcally	
  
correct	
  speech,	
  spared	
  language	
  comprehension.	
  



How	
  does	
  AD	
  present	
  in	
  bilinguals?	
  

From	
  caregiver	
  reports:	
  
•  Language	
  mixing	
  becomes	
  problemaLc	
  
•  “Regression”	
  to	
  use	
  L1	
  (first	
  language)	
  



Does	
  AD	
  differenLally	
  affect	
  L1	
  or	
  L2?	
  

•  In	
  Catalan-­‐Spanish	
  bilinguals	
  with	
  AD,	
  
impairment	
  was	
  observed	
  in	
  both	
  languages	
  
and	
  in	
  similar	
  tests	
  

•  AD	
  paLents	
  had	
  fluent	
  speech	
  with	
  word-­‐
finding	
  difficulLes,	
  impaired	
  comprehension	
  
of	
  complex	
  grammaLcal	
  structures,	
  and	
  
preserved	
  automaLc	
  language	
  (repeLLon,	
  
reading	
  aloud).	
  	
  	
  

Costa,	
  2012	
  



Both	
  languages	
  decline	
  to	
  a	
  similar	
  
extent	
  as	
  demenLa	
  progresses	
  



Hypothesis:	
  Persons	
  with	
  demenLa	
  regress	
  to	
  
use	
  primarily	
  their	
  first	
  language	
  L1	
  

	
  •  Study	
  of	
  Spanish-­‐
English	
  bilinguals	
  with	
  
AD	
  	
  

•  Larger	
  reducLons	
  in	
  
picture	
  naming	
  
occurred	
  in	
  dominant	
  
language	
  in	
  AD	
  

•  The	
  greater	
  
vulnerability	
  of	
  the	
  
dominant	
  language	
  
may	
  be	
  AD	
  affecLng	
  
the	
  richer	
  semanLc	
  
representaLons	
  in	
  the	
  
dominant	
  language	
  

Gollan	
  2009	
  



Decline	
  in	
  semanLc	
  fluency	
  in	
  both	
  
languages	
  in	
  bilingual	
  AD	
  paLents	
  

•  11	
  mild	
  AD	
  paLents,	
  Spanish-­‐English	
  bilinguals,	
  compared	
  to	
  age,	
  educaLon,	
  age	
  of	
  
	
  	
  	
  	
  	
  	
  English	
  acquisiLon	
  –	
  matched	
  elderly	
  controls	
  
•  AD	
  paLents	
  showed	
  equivalent	
  deficits	
  in	
  both	
  languages	
  on	
  semanLc	
  task	
  (“animals”)	
  

and	
  showed	
  fewer	
  semanLc	
  clusters	
  (“insects,”	
  “farm	
  animals,”	
  etc.)	
  

SalvaLerra	
  2007	
  



Effects	
  of	
  bilingualism	
  on	
  brain	
  
atrophy	
  in	
  paLents	
  with	
  AD	
  

•  Study	
  of	
  20	
  bilinguals,	
  20	
  monolinguals	
  
•  Mild	
  AD,	
  matched	
  on	
  stage	
  of	
  demenLa	
  
•  Bilinguals	
  showed	
  greater	
  temporal	
  lobe	
  atrophy:	
  
increased	
  temporal	
  horn	
  raLo,	
  third	
  ventricle	
  raLo,	
  
and	
  radial	
  width	
  of	
  the	
  temporal	
  horn	
  

•  This	
  suggests	
  that	
  bilinguals	
  required	
  more	
  cerebral	
  
atrophy	
  to	
  develop	
  clinical	
  symptoms	
  

Schweizer	
  et	
  al,	
  2012	
  



Worse	
  temporal	
  lobe	
  atrophy	
  in	
  
bilinguals	
  with	
  AD	
  demenLa	
  

C:	
  Temporal	
  horn.	
  	
  D:	
  3rd	
  ventricle.	
  



Does	
  bilingualism	
  affect	
  risk	
  of	
  developing	
  
Alzheimer’s	
  disease?	
  

•  Several	
  studies	
  with	
  differing	
  populaLons	
  have	
  examined	
  the	
  
quesLon	
  

•  Bilinguals	
  and	
  monolinguals	
  may	
  differ	
  in	
  numerous	
  ways,	
  
apart	
  from	
  language	
  

•  Confounders	
  include	
  immigraLon	
  status,	
  educaLon,	
  
socioeconomic	
  status,	
  access	
  to	
  medical	
  care,	
  cultural	
  
aetudes	
  regarding	
  demenLa	
  

•  Bilingualism	
  may	
  impact	
  risk	
  of	
  AD	
  demenLa,	
  age	
  of	
  onset,	
  
rate	
  of	
  progression	
  



Toronto:	
  Bilingualism	
  delays	
  onset	
  of	
  demenLa	
  
•  184	
  paLents	
  referred	
  to	
  a	
  Memory	
  Clinic	
  in	
  Toronto	
  
•  93	
  (51%)	
  were	
  bilingual	
  (25	
  different	
  languages,	
  most	
  common:	
  Polish,	
  

Yiddish,	
  German)	
  
•  Age	
  of	
  onset	
  of	
  was	
  4	
  years	
  later	
  in	
  bilinguals	
  
•  Severity	
  at	
  iniLal	
  visit	
  and	
  rate	
  of	
  decline	
  similar	
  
•  Neither	
  educaLon	
  (lower	
  in	
  bilinguals)	
  nor	
  occupaLonal	
  status	
  (equal)	
  

accounts	
  for	
  the	
  findings	
  
Bialystok	
  2007	
  



Caveats	
  to	
  the	
  Toronto	
  study	
  
•  Very	
  significant	
  difference	
  in	
  immigrant	
  %	
  	
  
•  Monolinguals	
  were	
  85%	
  Canadian-­‐born,	
  bilinguals	
  were	
  90%	
  

immigrant	
  
•  Majority	
  of	
  bilinguals	
  were	
  immigrants	
  from	
  Europe	
  in	
  the	
  

1940s,	
  with	
  different	
  cultural	
  background	
  and	
  stressors	
  



Montreal:	
  MulLlingualism,	
  but	
  not	
  always	
  
bilingualism	
  delays	
  onset	
  of	
  AD	
  

•  632	
  persons	
  diagnosed	
  with	
  AD	
  in	
  Montreal	
  
•  In	
  nonimmigrants,	
  no	
  difference	
  in	
  age	
  of	
  diagnosis	
  
between	
  bilinguals	
  (English/French)	
  and	
  
monolinguals	
  

•  In	
  immigrants,	
  significant	
  delay	
  in	
  diagnosis	
  by	
  
increasing	
  number	
  of	
  languages	
  –	
  monolinguals	
  
diagnosed	
  5,	
  6.4,	
  9.5	
  years	
  earlier	
  than	
  speakers	
  of	
  
2,3,	
  or	
  4+	
  languages.	
  

Chertkow	
  2010	
  



Washington	
  Heights:	
  Bilingualism	
  does	
  not	
  alter	
  
cogniLve	
  decline	
  or	
  demenLa	
  risk	
  

•  1067	
  non-­‐demented	
  residents	
  of	
  Washington	
  Heights,	
  New	
  
York	
  

•  All	
  were	
  immigrants	
  to	
  U.S.A.	
  
•  NaLve	
  Spanish-­‐speakers,	
  who	
  had	
  varying	
  degrees	
  of	
  

bilingualism	
  	
  
•  Followed	
  up	
  to	
  23	
  years	
  for	
  development	
  of	
  demenLa	
  
•  Greater	
  level	
  of	
  bilingualism	
  was	
  associated	
  with	
  beSer	
  iniLal	
  

performance	
  on	
  execuLve	
  funcLon	
  and	
  memory	
  	
  
•  Bilingualism	
  not	
  associated	
  with	
  rate	
  of	
  change	
  on	
  cogniLve	
  

tests	
  
•  Bilingualism	
  not	
  associated	
  with	
  risk	
  of	
  demenLa	
   Zahodne	
  2014	
  



ConflicLng	
  studies	
  on	
  effect	
  of	
  
bilingualism	
  on	
  risk	
  of	
  demenLa	
  

Bilingualism	
  is	
  protec6ve	
  	
   Bilingualism	
  is	
  NOT	
  protec6ve	
  	
  
Bilinguals	
  age	
  of	
  onset	
  AD	
  was	
  4	
  years	
  later	
  
than	
  monolinguals,	
  n=184	
  (Bialystok	
  2007)	
  

Non-­‐immigrant	
  Canadians	
  in	
  Montreal	
  seeking	
  
assessment	
  for	
  AD,	
  n=632	
  (Chertkow	
  2010)	
  

Bilinguals	
  age	
  of	
  onset	
  AD	
  was	
  5	
  years	
  later	
  
than	
  monolinguals,	
  n=211	
  (Craik	
  2010)	
  

ProspecLve,	
  non-­‐immigrant	
  Japanese-­‐
Americans	
  in	
  Hawaii,	
  n=236	
  (2299	
  total)	
  (Crane	
  
2009)	
  

India:	
  Bilinguals	
  age	
  of	
  onset	
  demenLa	
  4.5	
  
years	
  later	
  than	
  monolinguals,	
  n=648	
  (Alladi	
  
2013)	
  

PopulaLon-­‐based	
  study	
  in	
  Manitoba,	
  no	
  effect	
  
of	
  bilingualism	
  on	
  prevalence	
  or	
  incidence	
  of	
  
demenLa,	
  n=95	
  (990	
  total)	
  (Yeung	
  2014)	
  

Hispanics	
  in	
  San	
  Diego,	
  increasing	
  degree	
  of	
  
bilingualism	
  correlated	
  with	
  later	
  onset	
  of	
  AD,	
  
but	
  only	
  for	
  those	
  with	
  educaLon	
  <	
  11	
  years,	
  
n=44	
  (Gollan	
  2011)	
  

PopulaLon-­‐based	
  study	
  in	
  ManhaSan,	
  Hispanic	
  
immigrants,	
  degree	
  of	
  bilingualism	
  was	
  not	
  
associated	
  with	
  incidence	
  of	
  demenLa,	
  n=282	
  
(1067	
  total)	
  (Zahodne	
  2014)	
  

Luxembourg:	
  MulLlinguals	
  had	
  reduced	
  risk	
  of	
  
CIND	
  than	
  bilinguals,	
  n=232	
  (Perquin	
  2013)	
  
	
  



Studies	
  that	
  did	
  not	
  find	
  a	
  protecLve	
  effect	
  of	
  
bilingualism	
  on	
  risk	
  of	
  AD	
  

•  ProspecLve	
  
•  PopulaLon-­‐based	
  
•  More	
  homogeneous	
  parLcipants	
  
•  Larger	
  
	
  



CogniLve	
  reserve	
  
•  Some	
  factors	
  allow	
  a	
  person	
  to	
  funcLon	
  within	
  a	
  normal	
  

cogniLve	
  range,	
  despite	
  the	
  presence	
  of	
  brain	
  pathology	
  that	
  
would	
  usually	
  be	
  associated	
  with	
  demenLa	
  

•  Components	
  of	
  cogniLve	
  reserve:	
  
1.  EducaLon	
  
2.  High	
  occupaLonal	
  status	
  
3.  Intelligence	
  
4.  Mentally	
  sLmulaLng	
  leisure	
  acLviLes	
  
5.  Exercise	
  
6.  Bilingualism?	
  



AcLvity	
  and	
  experience	
  can	
  modify	
  
brain	
  structure	
  and	
  funcLon	
  

•  Brain	
  reserve	
  
–  arises	
  from	
  physical	
  properLes	
  of	
  the	
  brain	
  
1. 	
  Size	
  
2. 	
  Neuronal	
  count	
  
3.	
   	
  Synapse	
  count	
  
4. 	
  ConnecLvity	
  
–  A	
  threshold	
  model:	
  once	
  brain	
  reserve	
  is	
  depleted	
  past	
  some	
  fixed	
  

criLcal	
  threshold	
  specific	
  deficits	
  emerge	
  

•  CogniLve	
  reserve	
  –	
  acLviLes	
  or	
  experiences	
  during	
  life	
  that	
  can	
  build	
  brain	
  
reserve	
  
	
  



How	
  does	
  cogniLve	
  reserve	
  protect	
  
against	
  demenLa?	
  

•  Enhanced	
  neural	
  plasLcity	
  
•  Compensatory	
  use	
  of	
  alternaLve	
  brain	
  regions	
  
•  Enriched	
  brain	
  vasculature	
  

	
  

How	
  important	
  is	
  cogniLve	
  reserve?	
  
•  30%	
  of	
  individuals	
  who	
  exceed	
  pathologic	
  criteria	
  for	
  AD	
  at	
  

autopsy	
  showed	
  no	
  signs	
  of	
  cogniLve	
  impairment	
  during	
  life	
  

Valenzuela	
  2006	
  



CogniLve	
  reserve	
  mediates	
  link	
  between	
  
pathology	
  and	
  memory	
  performance	
  

Stern,	
  2012	
  



Inverse	
  relaLonship	
  between	
  educaLon	
  
level	
  and	
  cerebral	
  blood	
  flow	
  in	
  AD	
  

•  20	
  paLents	
  in	
  each	
  group,	
  
matched	
  for	
  clinical	
  
severity	
  

•  SPECT	
  scans	
  performed	
  
•  All	
  groups	
  showed	
  typical	
  

parieto-­‐temporal	
  reduced	
  
CBF	
  

•  Highest	
  educated	
  group	
  
showed	
  the	
  lowed	
  CBF,	
  
indicaLve	
  of	
  the	
  greatest	
  
pathology	
  

Stern	
  1992	
  



Magnitude	
  of	
  cogniLve	
  reserve	
  effects	
  
•  Meta-­‐analysis	
  of	
  29	
  

studies	
  involving	
  over	
  
29,000	
  persons	
  

•  Higher	
  levels	
  of	
  
educaLon,	
  mentally-­‐
sLmulaLng	
  occupaLon,	
  
higher	
  premorbid	
  IQ,	
  and	
  
mentally-­‐sLmulaLng	
  
leisure	
  acLvity	
  reduced	
  
risk	
  of	
  demenLa	
  by	
  
42-­‐50%	
  

	
  



LimitaLon	
  in	
  concept	
  of	
  cogniLve	
  reserve	
  

Correla'onal	
  in	
  nature:	
  	
  
•  Do	
  individuals	
  with	
  high	
  educaLonal/
occupaLonal	
  aSainment	
  have	
  geneLcally	
  well-­‐
endowed	
  brains	
  which	
  allow	
  them	
  to	
  succeed	
  
in	
  life	
  and	
  resist	
  AD?	
  

•  Or	
  does	
  educaLonal/occupaLonal	
  aSainment	
  
lead	
  to	
  cogniLve	
  reserve	
  and	
  protect	
  against	
  
demenLa?	
  



Bilingualism	
  as	
  a	
  source	
  of	
  	
  
cogniLve	
  reserve	
  

•  Bilingualism	
  is	
  generally	
  not	
  due	
  to	
  an	
  
inherited	
  brain	
  characterisLc	
  

•  Generally	
  due	
  to	
  immigraLon	
  or	
  a	
  difference	
  
between	
  family	
  language	
  and	
  language	
  of	
  
school	
  or	
  workplace	
  

•  Thus	
  bilingualism	
  is	
  an	
  environmental	
  factor	
  
that	
  may	
  produce	
  cogniLve	
  reserve	
  	
  



Is	
  there	
  evidence	
  that	
  bilingualism	
  is	
  a	
  
form	
  of	
  cogniLve	
  reserve?	
  

•  ExecuLve	
  funcLon/control:	
  Decision-­‐making,	
  
inhibiLon,	
  mulL-­‐tasking,	
  logic	
  

•  Bilinguals	
  show	
  advantages	
  in	
  tests	
  of	
  execuLve	
  
control	
  

•  The	
  conLnuous	
  pracLce/experience	
  of	
  monitoring	
  
context	
  for	
  potenLal	
  language	
  switches	
  and	
  
inhibiLng	
  the	
  language	
  not	
  under	
  acLve	
  use	
  builds	
  
the	
  cogniLve	
  reserve	
  in	
  execuLve	
  control	
  



Bilingualism	
  delays	
  AD	
  onset	
  only	
  
in	
  low-­‐educaLon	
  persons	
  

•  44	
  Spanish-­‐English	
  bilinguals	
  diagnosed	
  
with	
  AD	
  

•  Varying	
  degrees	
  of	
  bilingualism	
  based	
  on	
  
Boston	
  Naming	
  Test	
  

•  Increasing	
  degree	
  of	
  bilingualism	
  was	
  
associated	
  with	
  later	
  age	
  of	
  diagnosis,	
  but	
  
only	
  in	
  those	
  with	
  11	
  years	
  of	
  educaLon	
  or	
  
less	
  

•  Is	
  there	
  an	
  upper	
  limit	
  on	
  the	
  amount	
  of	
  
cogniLve	
  reserve	
  that	
  can	
  accumulate?	
  	
  

Gollan	
  2011	
  



Further	
  quesLons	
  

•  MulLlingualism?	
  
•  Level	
  of	
  bilingualism?	
  
•  Age	
  of	
  bilingualism?	
  
•  Similarity	
  between	
  languages?	
  
•  Is	
  bilingualism	
  addiLve	
  with	
  other	
  forms	
  of	
  
cogniLve	
  reserve,	
  or	
  is	
  there	
  a	
  maximum	
  
which	
  cannot	
  be	
  exceeded?	
  

	
  



Conclusions	
  

•  Bilinguals	
  show	
  beSer	
  memory	
  and	
  execuLve	
  
funcLon	
  than	
  monolinguals	
  throughout	
  the	
  
lifespan	
  

•  When	
  bilinguals	
  develop	
  AD,	
  both	
  languages	
  
decline	
  	
  

•  Bilingualism,	
  or	
  especially	
  mulLlingualism,	
  
may	
  delay	
  risk	
  of	
  AD	
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