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Ques@on	  
Does	  moderately	  preterm	  birth	  (32-‐34	  weeks	  
gesta%on)	  impact	  working	  memory	  development	  
and	  related	  brain	  circuitry	  at	  adolescence?	  
	  

Children	  born	  very	  preterm	  (PT)	  and/or	  low-‐birth	  weight	  are	  at	  risk	  for	  deficits	  in	  
execu@ve	  func@oning	  skills,	  including	  working	  memory	  (e.g.	  Omizzolo	  et	  al.,	  2013).	  	  Recent	  
studies	  have	  reported	  that	  structural	  brain	  differences	  in	  frontal	  and	  temporal	  
lobe	  development	  in	  children	  born	  very	  PT	  are	  related	  to	  individual	  differences	  
in	  execu%ve	  func%on	  skills.	  	  For	  example,	  adolescents	  (age	  15)	  born	  very	  PT	  
show	  thinning	  of	  the	  entorhinal	  cortex,	  a	  hub	  area	  at	  the	  interface	  between	  the	  
hippocampus	  and	  temporal	  cortex	  associa@on	  areas.	  	  This	  thinning	  is	  correlated	  
with	  impairments	  in	  both	  perceptual	  func@ons	  and	  working	  memory	  (Skranes,	  et	  al.,	  
2012).	  	  
	  	  
Children	  born	  only	  moderately	  PT	  (32-‐34	  weeks	  gesta%on)	  are	  also	  at	  increased	  
risk	  for	  cogni%ve	  and	  neurodevelopmental	  problems,	  though	  less	  research	  has	  
focused	  on	  this	  group,	  par@cularly	  in	  adolescence	  (Vohr,	  2013).	  	  
	  	  
The	  current	  study	  inves@gated	  both	  behavioral	  indices	  of	  working	  memory	  
development	  and	  structural	  brain	  development	  in	  adolescents	  with	  a	  history	  of	  
moderately	  PT	  birth.	  	  
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Conclusion	  

MRI	  Results	  
Prefrontal	  Cortex	  

Temporal	  Cortex	  

Adolescents	  born	  very	  PT	  show	  long-‐term	  altera@ons	  in	  structural	  and	  func@onal	  brain	  
development.	  The	  current	  study	  suggests	  that	  children	  born	  in	  the	  moderately	  preterm	  
range	  (32-‐34	  weeks)	  show	  similar	  group	  differences	  in	  working	  memory	  in	  comparison	  
to	  full-‐term	  children,	  along	  with	  altered	  frontal	  lobe	  and	  temporal	  lobe	  development.	  	  
	  
Specifically,	  we	  found	  that	  adolescents	  born	  moderately	  PT	  had	  smaller	  le`	  frontal	  lobe	  
volumes	  at	  age	  12-‐14	  years.	  Addi@onally,	  the	  associa%on	  between	  spa%al	  working	  
memory	  performance	  and	  individual	  differences	  in	  prefrontal	  volume	  in	  moderately	  
PT	  children	  suggests	  that	  structural	  differences	  in	  brain	  development	  are	  related	  to	  
meaningful	  differences	  in	  cogni%ve	  func%on.	  
	  
Moderately	  PT	  adolescents	  also	  show	  altered	  temporal	  lobe	  development,	  including	  
thicker	  entorhinal	  cortex	  with	  smaller	  surface	  area	  at	  age	  12.	  Others	  have	  shown	  that	  
children	  born	  at	  very	  low	  birth	  weight	  have	  thinner	  entorhinal	  cor@ces	  by	  age	  15.	  The	  
%me	  course	  and	  extent	  of	  norma%ve	  decreases	  in	  cor%cal	  thickness	  over	  adolescence	  
may	  be	  altered	  in	  children	  born	  moderately	  PT,	  along	  with	  brain	  structure-‐cogni%ve	  
func%on	  rela%ons.	  
	  

Par$cipants:	  Working	  Memory	  Measures	  

Preterm	  Children	  
(n	  =	  17)	  

Full-‐Term	  Children	  
(n	  =	  27)	  

Age	  at	  Test	   M	  =	  12.77	  years	  
Range	  =	  12.29-‐13.43	  years	  

M	  =	  12.62	  years	  
Range	  =	  12.30-‐13.02	  years	  

Sex	   6	  female,	  11	  male	   16	  female,	  11	  male	  

Gesta-onal	  Age	   M	  =	  33.13	  weeks	  
Range	  =	  32-‐34	  weeks	  

 

M	  =	  40.25	  weeks	  
Range	  =	  39-‐41	  weeks	  

Par$cipants:	  Structural	  MRI	  Measures	  
Children	  were	  prescreened	  for	  contraindica@ons	  for	  MRI	  (including	  braces,	  
permanent	  retainer,	  history	  of	  moderate	  or	  severe	  claustrophobia,	  or	  implanted	  
metal).	  The	  final	  MRI	  sample	  included	  13	  PT	  children	  (6	  female,	  7	  male)	  and	  16	  
FT	  children	  (8	  female,	  8	  male).	  

Behavioral	  Results	  	  

Adolescents	  born	  moderately	  PT	  had	  
lower	  verbal	  working	  memory	  scores.	  

Working	  Memory	  Measures	  

Structural	  MRI	  Scan:	  T1-‐weighted	  3D	  MPRAGE	  anatomical	  series	  acquired	  on	  a	  Siemens	  3T	  
Trio	  Scanner	  
• 	  TR	  =	  2530	  ms,	  TE	  =	  3.56	  ms,	  FOV	  =	  256	  mm,	  flip	  angle	  =	  7	  degrees	  
• 	  1	  mm	  iso-‐voxel,	  240	  sagihal	  slices	  

	  MRI	  Analyses:	  Freesurfer	  Image	  Analysis	  
Suite	  was	  used	  to	  obtain	  automated,	  
volumetric	  segmenta@on	  data	  
	  
Group	  difference	  analyses	  included	  age	  and	  
sex	  as	  covariates.	  	  Volumetric	  analyses	  also	  
controlled	  for	  individual	  differences	  in	  total	  
intracranial	  volume	  (ICV).	  
	  
Brain-‐behavior	  analyses	  used	  linear	  
regression	  models	  which	  included	  age,	  sex,	  
and	  total	  intracranial	  volume	  (when	  
appropriate)	  as	  covariates.	  

Structural	  MRI	  Measures	  

Children	  born	  moderately	  PT	  and	  full-‐term	  (FT)	  control	  children	  were	  recruited	  
from	  an	  exis%ng	  longitudinal	  sample	  (Stolarova	  et	  al.,	  2003)	  and	  from	  a	  community	  
par%cipant	  pool.	  
	  

PT	  inclusion	  criteria:	  born	  32-‐34	  weeks	  gesta@on,	  birth	  weight	  AGA,	  5	  minute	  Apgar	  score	  
>	  7.	  	  No	  history	  of	  IVH,	  limited	  mechanical	  ven@la@on	  (<	  24	  hours),	  and	  no	  significant	  
maternal	  pregnancy	  complica@ons	  (including	  diabetes	  and	  alcohol/drug	  use).	  
	  

FT	  inclusion	  criteria:	  born	  39-‐41	  weeks	  gesta@on	  with	  no	  history	  of	  major	  pre-‐	  or	  
perinatal	  complica@ons.	  

	  

Demographics:	  Demographics	  did	  not	  differ	  by	  group.	  	  Children	  were	  predominantly	  white	  
(93%)	  and	  came	  from	  college-‐educated	  (or	  higher)	  families	  (>75%).	  	  Median	  household	  
income	  for	  the	  sample	  was	  between	  $101-‐125,000.	  
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Group	  Differences	  in	  Prefrontal	  Volume	  
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Adolescents	  born	  moderately	  PT	  had	  
reduced	  le`	  prefrontal	  gray	  maher	  
volume	  (primarily	  in	  le`	  inferior	  and	  
middle	  frontal	  subregions).	  
	  
Within	  the	  PT	  group,	  individual	  	  
differences	  in	  spa@al	  working	  memory	  	  
were	  predicted	  by	  le`	  prefrontal	  	  
cortex	  volume.	  

No	  group	  difference	  in	  overall	  temporal	  lobe	  volume.	  	  
Adolescents	  born	  moderately	  PT	  had	  thicker	  bilateral	  
entorhinal	  cortex	  but	  smaller	  le`	  entorhinal	  surface	  area.	  
	  
	  
	  	  

Individual	  differences	  in	  
entorhinal	  thickness	  and	  
surface	  area	  predicted	  
verbal	  working	  memory	  
and	  parent	  reported	  
working	  memory	  in	  FT,	  but	  
not	  PT,	  children.	  
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Neither	  overall	  IQ	  nor	  parent	  ra@ngs	  of	  global	  execu@ve	  func@on	  and	  working	  memory	  abili@es	  
differed	  by	  group.	  	   

Spa$al	  Working	  Memory:	  CANTAB	  spa@al	  span	  
task	  was	  used	  to	  es@mate	  forward	  and	  
backward	  spa@al	  span	  length	  (possible	  length	  
ranging	  from	  2	  to	  9	  for	  each	  task).	  
	  
Verbal	  Working	  Memory:	  WISC-‐IV	  digit	  
span	  and	  leher	  number	  sequencing	  subtests	  
were	  used	  to	  generate	  a	  composite	  working	  
memory	  score.	  

2-‐4-‐5-‐6-‐8	  
	  
	   Le`er-‐Number	  Sequencing	  

Sample:	  
Item:	  9-‐A-‐6-‐J-‐3-‐P	  
Correct	  Response:	  3-‐6-‐9-‐A-‐J-‐P	  

	  
Behavior	  Ra$ng	  Inventory	  of	  Execu$ve	  Func$on	  (BRIEF):	  Parent-‐report	  ques@onnaire	  
designed	  to	  measure	  execu@ve	  func@on	  in	  children	  and	  adolescents	  within	  everyday	  contexts,	  
including	  a	  working	  memory	  subscale.	  
	  
	  
	  

Individual	  Differences	  in	  Working	  
Memory	  and	  Entorhinal	  Thickness	  

Adolescents	  born	  moderately	  PT	  had	  	  
shorter	  forward	  spa@al	  working	  memory	  span.	  

Working	  memory,	  frontal	  and	  temporal	  lobe	  
structural	  development,	  and	  brain	  structure-‐cogni%ve	  
func%on	  rela%ons	  are	  altered	  following	  a	  history	  of	  
moderately	  preterm	  birth.	  	  
	  

Working	  Memory	  	  
Sum	  of	  Scaled	  Scores	  
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