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ABSTRACT: 
 

Background :  The re  i s  g rowing  ev idence  t ha t  soc i a l  anx i e ty  
d i so rde r  (SAD)  i s  cha r ac t e r i z ed  by  spec i f i c  changes  i n  
f unc t i ona l  neu roana tomy .  H o w e v e r ,  l i t t l e  w o r k  h a s  b e e n  d o n e  
t o  i n t eg ra t e  a c t i va t i on  r e su l t s  a c ro s s  f unc t i ona l  s t ud i e s  and  
l i t t l e  w o r k  o n  a l t e r a t i o n s  i n  n e u r o a n a t o m i c a l  s t r u c t u re  ha s  
been  conduc t ed .  Th i s  t he s i s  i nves t i ga t e s  t he  f unc t i ona l  
neu roana tomy  o f  SAD us ing  an  ac t i va t i on  l i ke l i hood -e s t ima t e  
me ta - ana ly s i s  (ALE me ta - ana ly s i s ) ,  and  exp lo r e s  t he  s t r uc tu r a l  
ba s i s  o f  SAD us ing  a  co r t i c a l  t h i cknes s  and  subco r t i c a l  g r ay  
ma t t e r  vo lume  ana ly s i s .   
Methods :  I n  t he  ALE me ta - ana ly s i s ,  11  s tud ie s  were  inc luded  
fo r  ana lys i s .  Bra in  ac t iva t ion  coord ina t e s  were  ex t r ac t ed  f rom 
the  a r t i c l e s  and  compi l ed  us ing  Ginge rALE so f tware .  In  t he  
co r t i ca l  t h i ckness  and  subcor t i ca l  vo lume t r i c  ana lys i s ,  13  S A D  
s u b j e c t s  a n d  13  demograph i ca l l y  ma t ched  hea l t hy  con t ro l s  
w e r e  s t u d i e d  u s i n g  h i g h- r e so lu t i on  magne t i c  r e sonance  
imag ing  (MRI ) .   Co r t i c a l  t h i cknes s  and  vo lumes  o f  subco r t i c a l  
s t r u c t u r e s  w e r e  a s s e s s e d  u s i n g  F r e e s u r f e r ,  a n d  c o m p a r e d .     
R e s u l t s :  I n  t he  ALE me ta - ana ly s i s ,  cons i s t en t  ac t iva t ion  was  
obse rved  in  t he  the  r igh t  head  o f  t he  cauda te  nuc leus ,  r i gh t  
c l aus t rum,  the  l e f t  pa rah ippocampa l  gy rus  and  amygda la ,  r i gh t  
g lobus  pa l l i dus ,  l e f t  cuneus ,  r i gh t  pu tamen ,  r i gh t  i n su la  and   
l e f t  pos t e r io r  l obe  o f  t he  ce rebe l lum.  In  t he  co r t i c a l  t h i cknes s  
and  subco r t i c a l  vo lume t r i c  ana ly s i s ,  c ompa red  t o  hea l t hy  
con t ro l s ,  S A D  p a t i e n t s  h a d  s i g n i f i c a n t  co r t i c a l  t h inn ing  o f  t he  
r i gh t  amygda l a ,  r i gh t  and  l e f t  med i a l  o rb i t o f ron t a l  co r t ex ,  l e f t  
and  r i gh t  i n su l a .   The re  we re ,  howeve r ,  no  s i gn i f i c an t  
co r r e l a t i ons  be tween  symptom seve r i t y  measu re s  and  e i t he r  
co r t i c a l  o r  subco r t i c a l  abno rma l i t i e s .   
C o n c l u s i o n :  The  r e su l t s  o f  t he  ALE me ta -ana lys i s  a r e  
cons i s t en t  w i th  the  an ima l  l i t e r a tu re  on  f ea r  neu roc i r cu i t ry ,  
and  wi th  p rev ious  sys t ema t i c  r ev i ews  and  me ta -ana lyses  o f  
SAD.  The  co r t i c a l  and  subco r t i c a l  s t r uc tu r a l  abno rma l i t i e s  
f ound  i n  t he  co r t i c a l  t h i cknes s  and  subco r t i c a l  vo lume t r i c  
ana ly se s  a r e  cons i s t en t  w i th  p r ev ious  work  demons t r a t i ng  
a l t e r a t i ons  i n  cogn i t i ve - a f f ec t i ve  p roce s s ing  i n  SAD.   
A d d i t i o na l  work  i s  needed  t o  i nves t i ga t e  t he  causa l  
mechan i sms  i nvo lved  i n  such  f unc t i ona l  and  s t r u c t u r a l  
abno rma l i t i e s .  
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Introduct ion   
 
S o c i a l  a n x i e t y  d i s o r d e r  ( S A D )  i s  c h a r a c t e r i s e d  b y  a  p e r s i s t e n t  

f e a r  o f  one  o r  more  s oc i a l  o r  pe r f o rmance  s i t ua t i ons  i n  w h ich  

t he  pe r son  i s  conce rned  abou t  nega t i ve  eva lua t i on  o r  s c ru t i ny  

by  o the r s  (Diagnostic and Statistical Manual of Mental Disorders, Fourth 

Edition, Text Revision (DSM-IV-TR), 2000),  f o r  examp le :  pub l i c  

s p e a k i n g ,  w r i t i n g ,  e a t i n g ,  d r i n k i n g  i n  p u b l i c  o r  i n i t i a t i n g  o r  

ma in t a in ing  conve r sa t i ons .  P e o p l e  w i t h  S A D  f e a r  humi l i a t i on  

o r  emba r r a s smen t  and  may  exp re s s  anx i e ty  t h rough  b lu sh ing  o r  

s w e a t i n g .  T y p i c a l l y ,  t h e  f e a r e d  s o c i a l  o r  p e r f o r m ance  s i t ua t i on  

i s  avo ided  o r  endu red  w i th  i n t ense  anx i e ty  and  d i s t r e s s  

(Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text 

Revision (DSM-IV-TR), 2000) 

S A D  i s  a n  e x t r e m e l y  p r e v a l e n t  d i s o r d e r  (Kessler, Chiu, Demler, 

Merikangas, & Walters, 2005),  t he  ep idemio logy  o f  wh ich  w i l l  be  

d i s cus sed  i n  more  de t a i l  l a t e r  on .  Typ i ca l l y ,  t he  cou r se  o f  t he  

d i so rde r  i s  p ro t r ac t ed ,  s t a r t i ng  r e l a t i ve ly  ea r l y  i n  l i f e ,  and  

con t i nu ing  f o r  many  decades  (Coupland, 2001).  

The re  ha s  been  s i gn i f i c an t  p rog re s s  i n  unde r s t and ing  t he  

neu rob io logy  o f  SAD.   B ra in  imag ing  s t ud i e s  have  f ocused  on  

measu r ing  haemodynamic  changes  i n  c e r t a i n  b r a in  r eg ions  i n  

t he  ca se  o f  f unc t i ona l  magne t i c  r e sonance  imag ing  ( f MRI )  

(Freitas-Ferrari et al., 2010),  and  t he  abso rp t i on  and  d i s t r i bu t i on  o f  
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r ad iopha rmaceu t i c a l  subs t ances  t h roughou t  t he  b r a in  i n  t he  

ca se  o f  nuc l ea r  imag ing  t e chn iques  such  a s  s i ng l e  pho ton  

emi s s ion  compu te r i s ed  t omography  (SPECT)  (Phan, T. Wager, 

Taylor, & Liberzon, 2002).   

N e u r o t r a n s m i t t e r  s y s t e m s  imp l i ca t ed  i n  SAD  inc lude  t he  

monoamine rg i c  neu ro t r ansmi t t e r s  (Condren, Lucey, & Thakore, 2003),  

a s  we l l  amino  ac id  neu ro t r ansmi t t e r s  (Shlik, Maron, Tru, Aluoja, & 

Vasar, 2004).   S tud i e s  o f  t he  pa thogenes i s  o f  SAD have  f ocused  

on  bo th  gene t i c  and  env i ronmen ta l  f a c to r s .  N e v e r t h e l e s s ,  m a n y  

impor t an t  ques t i ons  abou t  t he  neu rob io logy  o f  SAD rema in  

unanswered .    

I n  Chap t e r  1  o f  t h i s  t he s i s ,  I  w i l l  r ev i ew  bo th  wha t  i s  known  

abou t  t he  neu rob io logy  o f  SAD,  a s  we l l  a s  some  o f  t he  

ques t i ons  t ha t  r ema in  unanswered .   I  w i l l  no t e  t ha t  no  r ecen t  

b r a in  imag ing  me ta - ana ly s i s  ha s  u sed  ac t i v a t i on - l i ke l i hood  

me thods  and  I  w i l l  p rov ide  such  an  ana ly s i s  i n  Chap t e r  2 .   I  

w i l l  a l s o  n o t e  t h a t  ve ry  f ew  imag ing  s t ud i e s  have  p rov ided  

da t a  on  co r t i c a l  t h i cknes s  and  subco r t i c a l  vo lume t r i c  measu re s  

i n  SAD,  and  I  w i l l  p rov ide  such  an  ana ly s i s  i n  Chap t e r  3 .  

Be f o re  go ing  on  t o  d i s cus s  t he  neu rob io logy  o f  SAD in  more  

de t a i l ,  I  w i l l  b r i e f l y  no t e  some  key  a spec t s  o f  t he  d i so rde r ,  

w h i c h  m a k e  i t  a n  i m p o r t a n t  o b j e c t  o f  s t u d y .   T h e s e  i n c l u d e  1 )  

t he  h igh  p r eva l ence  o f  SAD,  and  2 )  t he  s i g n i f i c a n t  m o r b i d i t y  

a s soc i a t ed  w i th  t h i s  cond i t i on .  
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1 .  

Preva l ence  o f  SAD  

Twelve  mon th  p r eva l ence  r a t e s  i n  Sou th  Af r i c a  a r e  e s t ima t ed  

a t  1 . 9% (Wi l l i ams  e t  a l . ,  2008 )  whe rea s  i n  t he  Un i t ed  S t a t e s ,  

S A D  i s  i d e n t i f i e d  a s  t h e  t h i r d  m o s t  p r e v a l e n t  p s y c h i a t r i c  

d i so rde r ,  a f t e r  ma jo r  dep re s s ion  and  a l coho l  dependence .  S A D  

i s  e s t ima t ed  t o  a f f ec t  be tween  2 .4% and  13% o f  t he  popu l a t i on  

(Kessler et al., 2005; Ruscio et al., 2008; Fehm, Pelissolo, Furmark, & Wittchen, 

2005).  C ros s - cu l t u r a l  f i nd ings  sugges t  t ha t  t he r e  may  be  a  l ower  

p r eva l ence  r a t e  i n  non -Wes t e rn  coun t r i e s  (Gureje, Lasebikan, Kola, 

& Makanjuola, 2006;  Mei, Xiao, He, & Fan, 2010).   

S u b j e c t s  w i t h  S A D  d e m o n s t r a t e  a  b r o a d  r a n g e  o f  s y m p t o m  

s e v e r i t y ,  a n d  t h e r e  a p p e a r s  t o  b e  no  spec i f i c  cu t -o f f -po in t  i n  

t e rms  o f  t he  number  o f  soc i a l  f e a r s  t ha t  d i f f e r en t i a t e s  d i f f e r en t  

S A D  s u b t y p e s  ( S t e i n  e t  a l ,  2 0 1 0 ) .   N e v e r t h e l e s s ,  s u b j e c t s  w i t h  

more  soc i a l  f e a r s  a r e  cons ide r ed  t o  have  a  gene ra l i z ed  f o rm  o f  

S A D (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, 

Text Revision (DSM-IV-TR), 2000),  and  gene ra l i z ed  SAD i s  

cha r ac t e r i z ed  by  g r ea t e r  impa i rmen t ,  h ighe r  he r i t ab i l i t y ,  and  

p r e sumab ly  more  ev idence  o f  unde r ly ing  neu roc i r cu i t r y  

dys f unc t i on  (S t e in  e t  a l . ,  2000 ;S t e in  and  S t e in ,  2008 ) .   

S A D  h a s  a n  e a r l y  o n s e t ,  t yp i ca l l y  beg inn ing  i n  t he  mid - t eens ,  

s o m e t i m e s  e m e r g i n g  o u t  o f  a  c h i l d h o o d  h i s t o r y  o f  s o c i a l  

i nh ib i t i on  o r  shynes s .  Some  ind iv idua l s  a l so  r epo r t  an  onse t  i n  
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ea r l y  ch i l dhood .  The  onse t  o f  SAD  may  c lo se ly  f o l l ow  a  

s t r e s s f u l  o r  h u m i l i a t i n g  e x p e r i e n c e ,  o r  i t  m a y  b e  i n s i d i o u s .  

The  cou r se  o f  S A D  i s  o f t en  con t i nuous  and  du ra t i on  i s  

f r equen t l y  l i f e l ong ,  a l t hough  t he  d i s o rde r  may  a t t enua t e  i n  

s e v e r i t y  o r  r e m i t  d u r i n g  a d u l t h o o d .  S e v e r i t y  o f  i m p a i r m e n t  

may  f l uc tua t e  w i th  l i f e  s t r e s so r s  and  demands  (Diagnostic and 

Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-

TR), 2000).  

 

2 .  

M o r b i d i t y  

S A D  b r i n g s  w i t h  i t  s i g n i f i c a n t  d i s t r e s s  and  impa i rmen t .   

I ndeed ,  pa t i en t s  w i th  SAD have  been  shown  to  have  

s i g n i f i c a n t l y  g r e a t e r  d i s t r e s s  w h e n  c o m p a r e d  t o  s o m e  o t h e r  

anx i e ty  d i so rde r s  (Simon et al., 2002; Merikangas et al., 2007). Thus  

qua l i t y  o f  l i f e  i s  s i gn i f i c an t l y  r educed  i n  peop l e  w i th  SAD,  

even  i n  i nd iv idua l s  w i th  subc l i n i ca l  s eve r i t y (Cramer, Torgersen, & 

Kringlen, 2005).   

F u r t h e r m o r e ,  peop l e  w i th  SAD may  expe r i ence  f i nanc i a l  

d i f f i cu l t i e s  due  t o  w o r k  i m p a i r m e n t  ( D a v i d s o n  e t  a l . , 1 9 9 3 ) ,  

and  younge r  i nd iv idua l s  w i th  SAD may  d rop  ou t  o f  s choo l  due  

t o  impa i r ed  s choo l  pe r f o rmance  (Merikangas et al., 2007).  Weakened  

s o c i a l  s u p p o r t  s y s t e m s  a c c o m p a n y  t h e  d i f f i c u l t i e s  s u f f e r e r s  o f  

S A D  expe r i ence  (van Ameringen, Mancini, & Farvolden, 2003).  
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Impa i rmen t  may  encompas s  unde rach i evemen t  i n  s choo l  due  t o  

t e s t  anx i e ty  o r  avo idance  o f  c l a s s room pa r t i c i pa t i on  and  

unde rach i evemen t  a t  work  because  o f  anx i e ty  du r ing ,  o r  

avo idance  o f ,  speak ing  i n  g roups ,  i n  pub l i c ,  o r  t o  au tho r i t y  

f i gu re s  and  co l l e agues  (Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition, Text Revision (DSM-IV-TR), 2000).   

S A D  m a y  b e  c o m o r b i d  w i t h  o t h e r  a n x i e t y  d i s o r d e r s ,  m o o d  

d i so rde r s ,  subs t ance - r e l a t ed  d i so rde r s ,  and  bu l im ia  ne rvosa  

and  t yp i ca l l y  p r ecedes  t he se  d i so rde r s .  I n  c l i n i ca l  s amp le s ,  

avo idan t  pe r sona l i t y  d i so rde r  i s  f r equen t l y  p r e sen t  i n  

i nd iv idua l s  w i th  S A D  (Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition, Text Revision (DSM-IV-TR), 2000).  Comorb id i t y  

may  o f t en  be  a t t r i bu t ed  t o  t he  d i f f i cu l t i e s  peop l e  w i th  SAD 

expe r i ence  ( f o r  example ,  dep re s s ion  may  f o l l ow  SAD) ,  and  i t  

may  i n  t u rn  con t r i bu t e  t o  d i s t r e s s  and  impa i rmen t .    

 

3 .  

Conc lus ion  

I n  s u m m a r y ,  S A D  i s  a n  i m p o r t a n t  p s y c h i a t r i c  d i s o r d e r ,  

cha r ac t e r i z ed  by  h igh  p r eva l ence ,  and  s i gn i f i c an t  morb id i t y .   A s  a  

be t t e r  unde r s t and ing  o f  t he  neu rob io logy  o f  SAD cou ld  l e ad  t o  

more  e f f ec t i ve  t r e a tmen t s ,  r e s ea r ch  i n  t h i s  a r ea  i s  key .   I  r ev i ew  

s u c h  w o r k  i n  t he  nex t  chap t e r .    
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Chapter  One  

The  Neurobio logy  of  Socia l  Anxie ty  Disorder  

 

I n t r o d u c t i o n  

I n  t h i s  chap t e r ,  I  w i l l  d i s cus s  t he  va r i ous  neu rob io log i ca l  

a spec t s  o f  soc i a l  anx i e ty  d i so rde r .  F i r s t l y ,  I  w i l l  r e f e r  t o  

gene t i c  a spec t s  t ha t  may  con t r i bu t e  t o  SAD pa thogenes i s ,  and  

t hen  move  on  t o  d i s cus s ing  va r i ous  neu ro t r ansmi t t e r  sy s t ems  

i nvo lved  i n  SAD.  Mode l s  f r om an ima l  r e s ea r ch  on  t he  

neu rob io logy  o f  anx i e ty  w i l l  be  d i s cus sed  t o  p rov ide  a  

backg round  f o r  t he  synopse s  on  human  neu ro imag ing  r e sea r ch ,  

d i s cus sed  l a s t .    

 

1 .  

G e n e t i c  A s p e c t s  

There  have  been  va r i ous  s t ud i e s  i nves t i ga t i ng  t he  gene t i c  

p r ed i spos i t i ons  a s soc i a t ed  w i th  SAD.  Seve ra l  l a rge  f ami ly  

s t u d i e s  h a v e  b e e n  p u b l i s h e d  –  i nves t i ga t i ng  whe the r  SAD 

agg rega t e s  i n  f ami l i e s .  F i r s t  amongs t  t hem was  F y e r  e t  a l . ,  

( 1993 )  w h o  f o u n d  t h a t  a p p r o x i m a t e l y  1 6 %  o f  t h e  r e l a t i v e s  o f  

i nd iv idua l s  w i th  SAD me t  t he  d i agnos t i c  c r i t e r i a  f o r  SAD 

compared  t o  5% in  con t ro l s .  The  g r ea t e r  pe r cen t age  o f  
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a s soc i a t ed  r e l a t i ve s  w i th  SAD ve r sus  he a l t hy  con t ro l  f ami l i e s  

i nd i ca t e  t ha t  t he r e  may  be  a  t r end  f o r  t he  agg rega t i on  o f  

gene t i c  f a c to r s  i n  f ami ly  member s  w i th  SAD.   

S t e i n  M . B .  e t  a l  ( 1998 )  i den t i f i ed  a  r e l a t i ve  r i sk  o f  9 . 7 % in  

t he i r  d i r ec t - i n t e rv i ew  f ami ly  s t udy  o f  106  f i r s t - deg ree  

r e l a t i ve s  o f  23  i nd iv idua l s  w i th  SAD.  Th i s  f i nd ing  s eems  t o  

co r r e spond  w i th  t he  ea r l i e r  s t udy  by  Fye r  e t  a l  ( 1993 ) .  

Twin  and  adop t i on  s t ud i e s  p rov ide  an  add i t i ona l  pe r spec t i ve  

on  t he  he r i t ab i l i t y  o f  SAD and  he lp  t o  d i s t i ngu i sh  be tween  

gene t i c  and  env i ronmen ta l  con t r i bu t i ons  t o  i t s  a e t i o logy .  

S e v e r a l  e a r l y  t w i n  s t u d i e s  i n v e s t i g a t e d  t h e  h e r i t a b i l i t y  o f  S A D  

in  monozygo t i c  v s  d i zygo t i c  tw ins  ( K e n d l e r  e t  a l . ,  1992 ;  Sk re  

e t  a l . ,  2000 ) ,  bu t  by  f a r  t he  l a rge s t  tw in  s t udy  t o  da t e  was  

conduc t ed  by  Ogliari et al., (2006) w h o  e s t a b l i s h e d  a n  a p p r o x i m a t e  

he r i t ab i l i t y  o f  60% f o r  t he  378  tw ins  eva lua t ed .  

Gelernter, Page, M. B. Stein, & Woods, (2004)inves t i ga t ed  t he  

a s soc i a t i on  o f  spec i f i c  gene t i c  va r i an t s  i n  SAD.  A  va r i an t  i n  

t he  SLC6A2  no rep ineph r ine  t r an spo r t e r  p ro t e in  w as  a s soc i a t ed  

w i t h  i nc r ea sed  r i sk  o f  deve lop ing  SAD amongs t  163  peop l e  

w h o  w e r e  r e l a t i v e s  o f  a n d  i n d i v i d u a l  w i t h  S A D .  Lochner et al., 

(2007) geno typed  s e ro tone rg i c  and  dopamine rg i c  c and ida t e  

genes  i n  63  pa t i en t s  w i th  SAD and  ma tched  con t ro l s ,  and  

f ound  t ha t  t he  5 -H T 2 A  T102C po lymorph i sm  was  a s soc i a t ed  

w i t h  S A D .  N o  s i n g l e  g e n e  a p p e a r s  t o  b e  r e s p o n s i b l e  f o r  t h e  
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pa thogenes i s  o f  SAD,  bu t  i t  i s  appa ren t  t ha t  s eve r a l  gene t i c  

va r i a t i ons  may  con t r i bu t e  t o  t he  deve lopmen t  o f  SAD.  A  

comprehens ive  r ev i ew  o f  t he  more  ex t ens ive  l i t e r a tu r e  on  

gene t i c  f a c to r s  i n  SAD i s  howeve r  beyond  t he  s cope  o f  t h i s  

t he s i s .  I t  c an  be  hypo the s i zed ,  howeve r ,  t ha t  t he se  va r i ous  

gene t i c  a e t i o log i ca l  con t r i bu to r s  o f  SAD pa thogenes i s  ma in ly  

f unc t i on  i n  t he  con t ex t  o f  s ens i t i s i ng  t he  i nd iv idua l  t ow ards  

deve lop ing  SAD when  be ing  exposed  t o  env i ronmen ta l  

s t r e s s o r s .   

 

2 .  

N e u r o t r a n s m i t t e r  s y s t e m s  

S p e c i f i c  n e u r o c h e m i c a l  a n d  n e u r o p e p t i d e  s y s t e m s  h a v e  b e e n  

s u g g e s t e d  t o  p l ay  a  r o l e  i n  t he  pa thogenes i s  o f  S A D .  One  such  

s y s t e m  i s  t h e  d o p a m i n e r g i c  s y s t e m .  S e v e r a l  S P E C T  a n d  P E T  

s t u d i e s  have  been  conduc t ed  whe re  r ad iop ha rmaceu t i c a l s  t ha t  

b ind  spec i f i c a l l y  t o  dopamine  r eup t ake  t r an spo r t e r s  o r  t o  

s e l e c t e d  d o p a m i n e  r e c e p t o r s  h a v e  b e e n  u t i l i sed  t o  measu re  

dopamine  f unc t i on  (Tiihonen et al., 1997;  S c h n e i e r  e t  a l  2 0 0 0 ) .  

Reduced  s t r i a t a l  d o p a m i n e  r e u p t a k e  s i t e  d e n s i t i e s  w e r e  

marked ly  l ower  i n  peop l e  w i th  SAD (Tiihonen et al., 1997),  

s u g g e s t i n g   d o p a m i n e r g i c  d y s f u n c t i o n  a s  pa thogen i c  i n  S A D .  

O t h e r  n e u r o t r a n s m i t t e r  s y s t e m s  s u c h  a s  s e r o t o n i n  (Lanzenberger et 

al., 2007) and  g lu t ama te  (Phan et al., 2005) have  a l so  been  
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i nves t i ga t ed  u s ing  PET  r ad io l i gands  o r  magne t i c  r e sonance  

s p e c t r o s c o p y  ( M R S ) .  Phan et al., (2005) f ound  g lu t ama te  ( r e l a t i ve  

t o  c r ea t i ne )  l eve l s  we re  s i g n i f i c a n t l y  h ighe r  i n  pa t i en t s  t han  

con t ro l s  i n  t he  an t e r i o r  c i ngu l a t e .  Lanzenberger et al., (2007) f ound  

s i g n i f i c a n t l y  d e c r e a s e d  s e r o t o n i n  b i n d i n g  i n  s e v e r a l  l i m b i c  a n d  

pa r a l imb ic  a r ea s .   H o w e v e r ,  f i n d i n g s  t o  d a t e  a r e  p r e l i m i n a r y .   

The  cen t r a l  f ocus  o f  t h i s  t he s i s  i s  no t ,  howeve r ,  on  t he  ro l e  o f  

neu ro t r ansmi t t e r  sy s t ems  i n  t he  pa thogenes i s  i n  SAD,  and  I  

w i l l  t h e r e f o r e  n o t  d i s c u s s  t he se  i s sue s  i n  more  de t a i l .   

 

3 .  

N e u r o a n a t o m y  o f  A n x i e t y  

I n  t h i s  s ec t i on  I  w i l l  p rov ide  an  ove rv i ew  o f  anx i e ty  and  i t s  

a s soc i a t ed  neu ropa tho logy .  The  amygda l a  ha s  r epea t ed ly  been  

i den t i f i ed  a s  be ing  i nvo lved  i n  f ea r  p roces s ing  i n  bo th  ba s i c  

neu rosc i ence  r e sea r ch ,  a s  we l l  a s  i n  c l i n i ca l  r e s ea r ch  w i th  

anx i e ty  d i so rde r  pa t i en t s .  The  amygda l a  i s  a  compounded  

nuc l eus ,  compr i s ed  o f  g r ay  ma t t e r ,  con t a ined  w i th in  t he  wh i t e  

ma t t e r  o f  t he  t empora l  l obe .  The  amygda l a  ha s  been  imp l i ca t ed  

i n  t he  coo rd ina t i on  o f  t h r ea t  r e sponse s  (LeDoux  e t  a l . ,  2003 )  

and  i n t eg ra t e s  i n f o rma t ion  f rom senso ry  f ea tu r e s  and  p r i o r  

expe r i ence  v i a  co r t i c a l  and  subco r t i c a l  p ro j ec t i ons  (P r i c e  e t  

a l . ,  2003 )   
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In  roden t s ,  ve ry  d i s t i nc t  amygda l a r  pa thways  have  been  

d i s t i ngu i shed  f o r  f e a r ;  a  b r i e f  s t imu lus - s p e c i f i c  r e s p o n s e ,  a n d  

anx i e ty ;  a  more  pe rva s ive  r e sponse  p rompted  by  cond i t i ons  o f  

un f o re seen  dange r  (D a v i s  e t  a l . ,  2006 ) .  A  p r ev ious  me ta -

ana ly s i s  conduc t ed  by  Phan  e t  a l  ( 2002 )  i s  cons i s t en t  w i th  t he  

f i nd ings  i n  an ima l  l i t e r a tu r e ,  t ha t  f e a r f u l  s t imu l i  spec i f i c a l l y  

a c t i va t e  t he  amygda l a  i n  hea l t hy  human  sub j ec t s .  

Rec ip roca l  connec t i ons  be tween  t he  amygda l a  and  t he  

p r e f ron t a l  co r t ex  a r e  i n t eg ra l  i n  t he  mechan i sm  o f  f e a r  

ex t i nc t i on  (Qu i rk  e t  a l . ,  2006 ) .  Fea r  ex t i nc t i on  i s  t he  dec r ea se  

i n  cond i t i oned  f ea r  r e sponse s  t ha t  no rma l ly  occ u r s  when  a  

cond i t i oned  s t imu lus  i s  r epea t ed ly  p r e sen t ed  i n  t he  absence  o f  

t he  ave r s ive  uncond i t i oned  s t imu lus  (Milad, Rauch, Pitman, & Quirk, 

2006).   

Wi th  advances  i n  neu ro imag ing  and  more  s o p h i s t i c a t e d  

me thods  o f  da t a  ana ly s i s ,  o the r  b r a in  r eg ions  have  emerged  a s  

impor t an t  i n  t he  ro l e  t hey  p l ay  i n  anx i e ty .  The  i n su l a ,  a  

d i s t i nc t  a r ea  o f  co r t ex  h idden  unde rnea th  t he  f ron t a l  and  

t empora l  l obes ,  ha s  been  imp l i ca t ed  a s  impor t an t  du r ing  t he  

p roce s s ing  o f  i n t e rocep t i ve  cues (Craig, 2003).  A l t e r e d  i n s u l a r  

a c t i v i t y  ha s  been  r epo r t ed  i n  pa t i en t s  w i th  obse s s ive -

compu l s ive  d i so rde r  (OCD) ,  pos t - t r auma t i c  s t r e s s  d i so rde r  

(PTSD)  (Rauch  e t  a l . ,  1997 ) ,  spec i f i c  phob i a  (Wr igh t  e t  a l . ,  

2003 ) ,  and  i n  SAD (Lorbe rbaum e t  a l . ,  2003 ) .  Warwick  e t  a l  
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(2006 )  f ound  dec r ea sed  r eg iona l  c e r eb ra l  b lood  f l ow  ( rCBF)  

measu red  w i th  SPECT in  b i l a t e r a l  i n su l a r  co r t i c e s  a f t e r  w i th  

c i t a l op ram o r  moc lobemide  admin i s t r a t i on  du r ing  an  8  week  

pe r i od  i n  sub j ec t s  w i th  SAD,  f u r t he r  imp l i ca t i ng  t he  i n su l a r  

co r t ex  a s  e t i o log i ca l  i n  SAD.  

 

4 .  

S t r u c t u r a l  S t u d i e s  

The  sy s t ema t i c  morphome t r i c  eva lua t i on  o f  t he  b r a in  a s  a  

w h o l e  c a n  b e  a c h i e v e d  b y  a u t o m a t e d  t e c h n i q u e s  o f  v o x e l  b y  

voxe l  ana ly s i s ,  o r  so  ca l l ed  voxe l -ba sed  morphome t ry  (VBM) .  

V B M  a l l o w s  o n e  t o  c o m p a r e  t h e  c o n c e n t r a t i o n  o r  v o l u m e  o f  

g r ey  and  wh i t e  ma t t e r  be tween  g roups  o f  i n t e r e s t .   F r eeSu r f e r  

i s  a  b r a in  imag ing  ana ly s i s  package  deve loped  by  t he  

A t h i n o u l a  M a r t i n o s  C e n t e r  f o r  B i o m e d i c a l  I m a g i n g  t h a t  

enab l e s  one  t o  conduc t  s t r u c t u r a l  a n d  f unc t i ona l  b r a in  mapp ing  

o f  t he  ce r eb ra l  co r t ex  (B Fischl & Dale, 2000).  I t  h a s  been  shown  to  

be  a  r e l i ab l e  me thod  o f  da t a  ana ly s i s  i n  s t r uc tu r a l  MRI  

pa r ad igms (Makris et al., 2005).  F r e e S u r f e r  m o d i f i e s  t he  

r ep r e sen t a t i on  o f  t he  co r t i c a l  su r f ace  by  i n f l a t i ng  i t  s o  t ha t  

a c t i v i t y  bu r i ed  i n s ide  su l c i  may  be  v i sua l i z ed ,  cu t s  and  

f l a t t en s  an  en t i r e  hemi sphe re ,  and  t r an s f o rm s  a  hemi sphe re  

i n to  a  s imp le  pa r am e te r i z ab l e  su r f ace  such  a s  a  sphe re  f o r  t he  

pu rpose  o f  e s t ab l i sh ing  a  su r f ace -ba sed  coo rd ina t e  sy s t em (B 
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Fischl, Sereno, & Dale, 1999). 	
  F r e e S u r f e r  t e s s e l l a t e s  t he  g r ay –w h i t e  

bounda ry ,  and  pe r f o rms  an  au toma ted  t opo logy  co r r ec t i on  and  

s u r f a c e  d e f o r m a t i o n  t o  l o c a t e  t h e  g r a y–w h i t e  a n d  g r a y–  p i a l  

bounda r i e s  ba sed  on  s i gna l– in t ens i t y  g r ad i en t s .   Fo r  e ach  

s u b j e c t ,  F r e e S u r f e r  g e n e r a t e s  t h e  w h i t e -ma t t e r  su r f ace  f o r  e ach  

hemi sphe re  by  t i l i ng  t he  supe r f i c i a l  a spec t  o f  wh i t e  ma t t e r  f o r  

t ha t  hemi sphe re ;  i n  a  s im i l a r  f a sh ion ,  F r eeSu r f e r  gene ra t e s  t he  

p i a l  su r f ace .  F r eeSu r f e r  c a l cu l a t e s  co r t i c a l  t h i cknes s  a s  t he  

c lo se s t  d i s t ance  be tween  t he  g r ay -  and  wh i t e -ma t t e r  bounda ry  

and  t h e  p i a l  mesh  a t  e ach  ve r t ex  on  t he  t e s s e l l a t ed  su r f ace  (B 

Fischl & Dale, 2000).  A  c o r t i c a l  a t l a s  t h a t  i s  b a s e d  o n  s t a t i s t i c s  

compu ted  f rom manua l l y  l abe l ed  co r t i c a l  r eg ions  i s  u sed ;  t h i s  

a t l a s  d iv ide s  c e r eb ra l  co r t ex  i n to  s eve ra l  s t r uc tu r e s (Desikan et al., 

2006).  These  s t r uc tu r e s  a r e  t hen  mapped  on to  a  sphe r i ca l  space  

t o  a ch i eve  po in t - t o - po in t  co r r e spondence  f o r  e ach  sub j ec t (Bruce 

Fischl et al., 2004).  The  f i na l  s egmen ta t i on  o f  su r f ace -ba sed  

l abe l i ng  i s  t hen  ba sed  on  bo th  a  sub j ec t - i ndependen t  

p robab i l i s t i c  a t l a s  and  on  sub j ec t - s p e c i f i c  m e a s u r e d  v a l u e s .  

Combin ing  t he  co r t i c a l  t h i cknes s  map  and  su r f ace -ba sed  l abe l s  

t he  ave rage  co r t i c a l  t h i cknes s  f o r  e ach  co r t i c a l  r eg ion  i s  t hen  

compu ted .  

I n  1994 ,  Po t t s  e t  a l .  i nve s t i ga t ed  r eg iona l  b r a in  vo lumes  o f  22  

pa t i en t s  d i agnosed  w i th  SAD.  Based  on  t he  hypo the s i zed  

a s soc i a t i on  be tween  SAD and  dopamine rg i c  dys f unc t i on ,  t h i s  
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s t u d y  u s e d  t h e  R O I-based  app roach  t o  t a rge t  t he  f o l l owing  

r eg ions  o f  i n t e r e s t :  c auda t e ,  pu t amen ,  t ha l amus ,  and  who le  

b r a in .  N o  s i g n i f i c a n t  d i f f e r e n c e s  i n  t he  cauda t e ,  pu t amen ,  

t ha l amus ,  o r  w h o l e  b r a i n  w e r e  f o u n d  b e t w e e n  p a t i e n t s  a n d  

hea l t hy  con t ro l s .  Milham et al., (2005) i nves t i ga t ed  t he  neu ra l  

co r r e l a t e s  o f  ped i a t r i c  anx i e ty  d i so rde r s  u s ing  voxe l  ba sed  

morphome t ry ,  and  f ound  r educ t i ons  i n  l e f t  amygda l a  vo lumes  

i n  pa t i en t s  w i th  anx i e ty  d i so rde r s  a s  compared  t o  hea l t hy  

con t ro l s .  Van Tol et al., (2010) i nves t i ga t ed  r eg iona l  b r a in  vo lumes  

i n  dep re s s ion  and  anx i e ty  u s ing  VBM and  f ound  r educed  l e f t  

m idd l e / supe r io r  t empora l  vo lume  in  anx i e ty  d i so rde r s .  

H o w e v e r ,  t h i s  s t u d y  d i d  n o t  s p e c i f i c a l l y  f o c u s  o n  S A D .  M o r e  

r ecen t l y ,  L i ao  e t  a l  ( 2011 )  i nves t i ga t ed  18  pa t i en t s  w i th  SAD 

us ing  VBM.  The  sub j ec t s  w i th  SAD demons t r a t ed  s i gn i f i c an t l y  

dec r ea sed  g r ay  ma t t e r  vo l umes  i n  t he  r i gh t  pos t e r i o r  i n f e r i o r  

t empora l  gy rus  and  t he  r i gh t  pa r ah ippocampa l  gy rus .  

Impor t an t l y ,  g r ay  ma t t e r  vo lumes  i n  t he se  two  r eg ions  

co r r e l a t ed  nega t i ve ly  w i th  t he  f ea r  f a c to r  o f  t he  L i ebow i t z  

S o c i a l  A n x i e t y  S c a l e .  R e l a t i v e l y  f e w  s t u d i e s  h a v e  u t i l i z e d  

s t r u c t u r a l  M R I  p a r a d i g m s  t o  i n v e s t i g a t e  t h e  n e u r o p a t h o l o g y  o f  

S A D .  
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5 .  

Func t i ona l  Magne t i c  Resonance  Imag ing  S tud i e s  

F u n c t i o n a l  M a g n e t i c  R e s o n a n c e  I m a g i n g  ( f M R I )  i s  a  s p e c i f i c  

neu ro imag ing  s equence  whe re  hemodynamic  r e sponse s  a r e  

measu red  and  t hen  r e l a t ed  t o  neu ra l  a c t i v i t y .  The  measu remen t  

o f  t he  hemodynamic  r e sponse  i s  ba sed  on  changes  i n  r e l a t i ve  

concen t r a t i ons  o f  oxy hemog lob in  and  deoxyhemog lob in ,  wh ich  

i s  t hough t  t o  r e f l e c t  neu ra l  a c t i v i t y  (Detre & Floyd, 2001).   f MRI  

o f f e r s  t he  advan t age  o f  ve ry  h igh  spa t i a l  r e so lu t i on .  Tab l e  1  

l i s t s  a l l  f MRI  s t ud i e s  i n  SAD pub l i shed  t o  da t e .   

 
T a b l e  1  

fMRI  s t ud i e s  i n  SAD  
 

N a m e  Y e a r  S u b j e c t s  ( n )  R e s u l t s  
B i r b a u m e r  e t  a l .  1 9 9 8  7  S A D /  5  H C  I n c r e a s e d  a m y g d a l a  

a c t i v i t y  t o  f a c i a l  
s t i m u l i .   

S c h n e i d e r  e t  a l .  1 9 9 9  1 2  S A D  /   
1 2  H C  

I n c r e a s e d  a m y g d a l a  a n d  
h i p p o c a m p u s  a c t i v i t y  
a s s o c i a t e d  w i t h  n e g a t i v e  
o d o r .  

    
S t e i n  e t  a l .  2 0 0 2  1 5  S A D  /   

1 5  H C  
I n c r e a s e d  a l l o c o r t i c a l  
a c t i v i t y  f o r  
c o n t e m p t u o u s  a n d  a n g r y  
f a c e s  

L o b e r b a u m  e t  a l .  2 0 0 4  8  S A D  /  6  H C  I n c r e a s e d  s u b c o r t i c a l  
a n d  l i m b i c  a c t i v i t y .  

S t r a u b e  e t  a l .  2 0 0 4  1 0  S A D  /   
1 0  H C  

I n c r e a s e d  i n s u l a  a c t i v i t y  
f o r  a n g r y  v s  n e u t r a l  
f a c e s .   

S t r a u b e  e t  a l .   2 0 0 5  9  S A D  /  
9  H C  

I n c r e a s e d  a m y g d a l a  
a c t i v i t y  t o  a n g r y  v s  
h a p p y  f a c e s .  

A m i r  e t  a l .  2 0 0 5  1 1  S A D  /   
1 1  H C  

I n c r e a s e d  a n t e r i o r  
c i n g u l a t e  c o r t e x  a n d  
i n s u l a  a c t i v i t y .  

P h a n  e t  a l .  2 0 0 6  1 0  S A D  /   
1 0  H C  

I n c r e a s e d  a m y g d a l a  
a c t i v i t y  i n  h a r s h  f a c e s  
v s  h a p p y  f a c e s .  

C o o n e y  e t  a l .  2 0 0 6  1 0  S A D  /   
1 0  H C  

I n c r e a s e d  r i g h t  
a m y g d a l a  a c t i v a t i o n  v s  
n e u t r a l  f a c e s  

Y o o n  e t  a l .  2 0 0 7  1 1  S A D  /  
1 1  H C  

I n c r e a s e d  b i l a t e r a l  
a m y g d a l a  a c t i v a t i o n  t o  
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h i g h  v s  l o w  i n t e n s i t y  
e m o t i o n a l  f a c e s  

S a r e e n  e t  a l .  2 0 0 7  1 0  S A D  /   
1 0  H C  

D e c r e a s e d  a c t i v a t i o n  i n  
t h e  l e f t  c a u d a t e  n u c l e u s ,  
l e f t  i n f e r i o r  p a r i e t a l  
l o b e ,  a n d  b i l a t e r a l  
i n s u l a  t o  i m p l i c i t  
l e a r n i n g .  

C a m p b e l l  e t  a l .  2 0 0 7  1 4  S A D  /   
1 4  H C  

D e l a y e d  a m y g d a l a  
r e s p o n s e  t o  f e a r f u l ,  
a n g r y  a n d  h a p p y  f a c e s .  

E v a n s  e t  a l .  2 0 0 8  1 1  S A D  /   
1 1  H C  

I n c r e a s e d  r i g h t  
a m y g d a l a  a c t i v a t i o n .  

Q u a d f l i e g  e t  a l .  2 0 0 8  1 2  S A D  /   
1 2  H C  

I n c r e a s e d  o r b i t o f r o n t a l  
a c t i v a t i o n  i n  r e s p o n s e  t o  
a n g r y  v s  n e u t r a l  v o i c e s .  

G e n t i l i  e t  a l .  2 0 0 8  8  S A D  /   
7  H C  

I n c r e a s e d  a c t i v a t i o n  o f  
t h e  l e f t  a m y g d a l a  a n d  
i n s u l a .  

G u y e r  e t  a l .  2 0 0 8  8  S A D  /   
1 4  H C  

I n c r e a s e d  a m y g d a l a  a n d  
v e n t r o l a t e r a l  p r e f r o n t a l  
c o r t e x  a c t i v a t i o n .  

B l a i r  e t  a l .  2 0 0 8 a  1 7  S A D  /   
1 7  H C  

I n c r e a s e d  a m y g d a l a  a n d  
m e d i a l  p r e f r o n t a l  c o r t e x  
a c t i v a t i o n  t o  c r i t i c i s m .  

B l a i r  e t  a l .  2 0 0 8 b  1 7  S A D  /   
1 7  H C  

I n c r e a s e d  a m y g d a l a  a n d  
s u p e r i o r  t e m p o r a l  c o r t e x  
a c t i v a t i o n .  

G o l d i n  e t  a l .  2 0 0 9 a  2 7  S A D  /   
2 7  H C  

D e c r e a s e d  a m y g d a l a  
a c t i v a t i o n  i n  c o g n i t i v e  
r e a p p r a i s a l .  

G o l d i n  e t  a l .  2 0 0 9 b  1 5  S A D  /   
1 7  H C  

I n c r e a s e d  m e d i a l  
o r b i t o f r o n t a l  c o r t e x ,  
a n t e r i o r  c i n g u l a t e ,  a n d  
b i l a t e r a l  
p a r a h i p p o c a m p a l  g y r u s  
a c t i v a t i o n .  

S r i p a d a  e t  a l .  2 0 0 9  2 6  S A D /  
2 6  H C  

D e c r e a s e d  a c t i v a t i o n  i n  
t h e  m e d i a l  p r e f r o n t a l  
c o r t e x .  

S h a h  e t  a l .  2 0 0 9  1 1  S A D  /  
1 1  H C  

I n c r e a s e d  b i l a t e r a l  
i n s u l a  a n d  a m y g d a l a  
a c t i v a t i o n .  

G e n t i l i  e t  a l .  2 0 0 9  8  S A D  /   
7  H C  

D e c r e a s e d  a c t i v a t i o n  o f  
t h e  p r e c u n e u s  a n d  
p o s t e r i o r  c i n g u l a t e  
r e g i o n s .  

L i a o  e t  a l .  2 0 1 0  2 2  S A D  /   
2 1  H C  

D e c r e a s e d  i n f l u e n c e  
f r o m  i n f e r i o r  t e m p o r a l  
g y r u s  t o  a m y g d a l a .  

L i a o  e t  a l .   2 0 1 0  2 0  S A D  /   
2 0  H C  

F u n c t i o n a l  c o n n e c t i v i t y  
w a s  d e c r e a s e d  i n  t h e  
s o m a t o - m o t o r  a n d  v i s u a l  
n e t w o r k s .  

N a k a o  e t  a l .  2 0 1 0  S A D  6  /   
H C  9  

D e c r e a s e d  a c t i v a t i o n  i n  
t h e  l e f t  c e r e b e l l u m ,  l e f t  
p r e c u n e u s ,  a n d  b i l a t e r a l  
p o s t e r i o r  c i n g u l a t e  
c o r t e x .  

 
 
M o s t  o f  s t u d i e s  i n  S A D  t o  d a t e  h a v e  f o u n d  i n c r e a s e d  

ac t i va t i on  i n  t he  amygda l a  (Blair, Geraci, et al., 2008a; Blair, Shaywitz, et 

al., 2008b; Campbell et al., 2007; Cooney, Atlas, Joormann, Eugène, & Gotlib, 
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2006; Evans et al., 2008; Gentili et al., 2008; Goldin, Manber, Hakimi, Canli, & 

Gross, 2009a; Phan, Fitzgerald, Nathan, & Tancer, 2006; Franklin R Schneier, 

Kent, Star, & Hirsch, 2030; Shah, Klumpp, Angstadt, Nathan, & Phan, 2009; M. 

B. Stein, Goldin, Sareen, Zorrilla, & Brown, 2002; Straube, Kolassa, Glauer, 

Mentzel, & Miltner, 2004; Yoon, Fitzgerald, Angstadt, McCarron, & Phan, 2007).  

S e c o n d l y,  a  f e w  o f  t h e s e  s t u d i e s  h a v e  n o t e d  t h e  i n v o l v e m e n t  o f  

c i ngu l a t e  co r t ex  (Amir et al., 2005; Gentili et al., 2009; Goldin, Manber-

Ball, Werner, Heimberg, & Gross, 2009b; Lorberbaum et al., 2004),  t he  

p r e f ron t a l  co r t ex  (Blair, Geraci, et al., 2008a; Campbell et al., 2007; Gentili 

et al., 2008; Guyer et al., 2008; Lorberbaum et al., 2004; Sripada et al., 2009),  

t he  f u s i f o rm  gy rus  (Gentili et al., 2008; Lorberbaum et al., 2004; Straube et 

al., 2004),  and  t he  i n su l a  (Amir et al., 2005; Gentili et al., 2008; 2009; 

Sareen et al., 2007; Straube et al., 2004).   

Reg ions  i n  t he  pa r i e t a l  l obe  (Gentili et al., 2008; Sareen et al., 2007),  

and  t he  t empora l  l obe  (Blair, Shaywitz, et al., 2008b; Gentili et al., 2008) 

have  a l so  been  imp l i ca t ed .  To  a  l e s s e r  ex t en t ,  t h e  c auda t e  

nuc l eus  (Sareen et al., 2007) and  t he  p r ecuneus  (Gentili et al., 2009) 

have  a l so  been  ea rmarked .   

A number  o f  me t a - ana ly se s  have  a t t emp ted  t o  summar i ze  t he se  

f unc t i ona l  imag ing  s t ud i e s  (Etkin & T. D. Wager, 2007; Freitas-Ferrari et 

al., 2010; Phan et al., 2002).  Phan  e t  a l  ( 2002 )  r ev i ewed  55  PET and  

f M RI  ac t i va t i on  s t ud i e s ,  and  conc luded  t ha t  ( 1 )  The  media l  

p r e f ron t a l  co r t ex  had  a  gene ra l  r o l e  i n  emo t iona l  p roce s s ing ;  

( 2 )  f e a r  s p e c i f i c a l l y  e n g a g e d  t h e  a m y gda l a ;  ( 3 )  s adnes s  was  
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a s soc i a t ed  w i th  ac t i v i t y  i n  t he  subca l l o sa l  c i ngu l a t e ;  ( 4 )  

emo t iona l  i nduc t i on  by  v i s u a l  s t i m u l i  a c t i v a t e d  t h e  o c c i p i t a l  

co r t ex  and  t he  amygda l a ;  ( 5 )  i nduc t i on  by  emo t iona l  

r e ca l l / image ry  r ec ru i t ed  t he  an t e r i o r  c i ngu l a t e  and  i n su l a ;  ( 6 )  

emo t iona l  t a sk s  w i th  cogn i t i ve  demand  a l so  i nvo lved  t he  

an t e r i o r  c i ngu l a t e  and  i n su l a  (Etkin & T. D. Wager, 2007; Freitas-Ferrari 

et al., 2010; Phan et al., 2002).   

E tk in  e t  a l  ( 2007 )  conduc t ed  a  quan t a t i ve  me ta - ana ly s i s  and  

i nc luded  s t ud i e s  t ha t  compa red  nega t i ve  emo t iona l  p roce s s ing  

t o  ba se l i ne ,  neu t r a l  o r  pos i t i ve  emo t iona l  cond i t i ons ,  and  

conc luded  t ha t  sub j ec t s  w i th  SAD cons i s t en t l y  showed  g r ea t e r  

a c t i va t i on  i n  t he  am ygda l a  and  i n su l a  t han  ma tched  compar i son  

sub j ec t s .  These  s t r uc tu r e s  a r e  l i nked  t o  nega t i ve  emo t iona l  

r e sponse s ,  and  t he  s ame  k ind  o f  a c t i va t i on  was  s een  i n  hea l t hy  

con t ro l s  du r ing  f ea r  cond i t i on ing .  

F r e i t a s -F e r r a r i  e t  a l  ( 2 0 1 0 )  c o n d u c t e d  a  s y s t e m a t i c  r e v iew  o f  

t he  l i t e r a tu r e  and  f ound  (1 )  mos t  o f  t he  s t ud i e s  demons t r a t ed  

i nc r ea sed  ac t i v i t y  i n  l imb ic  and  pa r a l imb ic  r eg ions  i n  SAD;  

(2 )  t he  p r edominance  o f  ev idence  imp l i ca t ed  hype rac t i v i t y  o f  

t he  amygda l a ;  ( 3 )  r educed  ac t i v i t y  i n  s t r i a t a l  and  pa r i e t a l  

a r ea s  a s  w e l l  a s  a l t e r a t i o n s  i n  a c t i v i t y  o f  p r e f r o n t a l  r e g i o n s .   

N e v e r t h e l e s s ,  t o  d a t e ,  t h e r e  h a s  b e e n  n o  A c t i v a t i o n-L ike l i hood  

Me ta - ana ly s i s  (ALE)  o f  SAD f MRI  s t ud i e s .  A n  A L E  m e t a -

ana ly s i s  i s  impor t an t  because  t h i s  no t  on ly  de sc r i be s  
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compounded  da t a ,  bu t  i t  p l o t s  t h e s e  o n  a  n e u r o a n a t o m i c a l  

t emp la t e  and  p r e sen t s  a  l i ke l i hood  o f  b r a in  r eg ion  ac t i va t i on  

on  a  much  g r ea t e r  s ca l e  (Turkeltaub, Eden, Jones, & Zeffiro, 2002).  

S u c h  a  m e t h o d  e f f ec t i ve ly  a l l ows  f o r  t he  v i sua l  r ep r e sen t a t i ons  

o f  a l l  a c t i va t i on  coo rd ina t e s  r epo r t ed  i n  ana lyzed  s t ud i e s ,  

s u p e r i m p o s e d  o n  a  s t a n d a r d i z e d  n e u r o a n a t o m i c a l  s u r f a c e .    

 

6 .  

Conc lus ion  

I n  t h i s  chap t e r  I  have  r ev i ewed  s t ud i e s  o f  t he  neu rob io logy  o f  

S A D .  S A D  m a y  w e l l  r e f l e c t  b o t h  g e n e t i c  a n d  e n v i r o n m e n t a l  

f a c to r s ,  w h ich  i n  t u rn  ac t  t o  i n f l uence  neu roana tomy  and  

neu rochemis t ry .   Th i s  t he s i s  w i l l  f ocus  i n  pa r t i cu l a r  on  

f unc t i ona l  and  s t r uc tu r a l  neu r oana tomica l  d i s rup t i ons  i n  SAD.   

Chap t e r  Two  wi l l  exp lo r e  t he  f unc t i ona l  neu roana tomy  o f  SAD 

us ing  an  ALE app roach .   Chap t e r  Th ree  w i l l  exp lo r e  t he  

s t r u c t u r a l  n e u r o a n a t o m y  o f  S A D  u s i n g  a  F r e e s u r f e r  b a s e d  

app roach .  
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Chapter  Two  

Act iva t ion  Like l ihood-Es t imate  Meta-Analys is  

 

1 .   

I n t r o d u c t i o n  

There  i s  a  r ap id ly  i nc r ea s ing  l i t e r a tu r e  o f  f unc t i ona l  b r a in  

abno rma l i t i e s  i n  pa t i en t s  w i th  SAD.  A l though  s t ud i e s  

emp loy ing  f unc t i ona l  magne t i c  r e sonance  imag ing  ( f MRI )  

t yp i ca l l y  obse rve  d i f f e r ences  i n  a c t i va t i on  pa t t e rn s  i n  peop l e  

w i t h  S A D  r e l a t i v e  t o  h e a l t h y  c o n t r o l s ,  i n t e r p r e t a t i o n  o f  t h e s e  

f i nd ings  i s  compl i ca t ed  by  be tw een - s t u d y  v a r i a b i l i t y  i n  t h e  

s p e c i f i c  l o c a t i o n s  t h a t  s e e m  a f f e c t e d  a m o n g s t  p a t i e n t s .  A s  a  

r e su l t ,  d a t a  f r om the se  s t ud i e s  have  been  syn the s i zed  u s ing  

me ta - ana ly t i c  t e chn iques ,  i n  an  a t t emp t  t o  i den t i f y  cons i s t en t  

pa t t e rn s  o f  a c t i v a t i o n (Phan et al., 2002).  Seve ra l  me t a - ana ly se s  and  

s y s t e m a t i c  r e v i e w s  h a v e  i m p l i c a t e d  s u b c o r t i c a l  g r a y  m a t t e r  

and  l imb ic  a s soc i a t i on  co r t i c e s  i n  SAD (Etkin & T. D. Wager, 2007; 

Freitas-Ferrari et al., 2010).   

H o w e v e r ,  n o  A c t i v a t i o n -L ike l i hood  Me ta -A n a l y s i s  ( A L E  m e t a -

ana ly s i s )  ha s  been  unde r t aken  t o  da t e .  The  A L E  m e t a - ana ly s i s  

w a s  d e s i g n e d  t o  m a x i m i z e  t h e  q u a n t i f i c a t i o n  o f  i n t e r s t u d y  

conco rdance  wh i l e  m in imiz ing  t he  sub j ec t i v i t y  o f  t he  ana ly t i c  
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t e chn ique  -  more  so  i n  compar i son  t o  t r ad i t i ona l  me t a - ana ly t i c  

t e chn iques  t ha t  s imp ly  enumera t e  r eg ions  o f  a c t i va t i on  (Laird et 

al., 2005; Turkeltaub et al., 2002).  I t  c an  be  u sed  t o  gene ra t e  a  

s t a t i s t i c a l  p a r a m e t r i c  m a p  o f  c o n s i s t e n t  b r a in  ac t i va t i on  ac ro s s  

s t u d i e s  t h rough  ca l cu l a t i ng  t he  un ion  o f  t he  p robab i l i t i e s  t ha t  

pa r t i cu l a r  voxe l s  w i l l  be  a c t i va t ed ,  ba sed  on  t he  l oca t i on  o f  

s t u d y - s p e c i f i c  c o o r d i n a t e s .  Th i s  a l l ows  f o r  an  i n t eg ra t ed  

unde r s t and ing  o f  t he  r e su l t s  f r om a l l  i nc luded  s t ud i e s ,  ve r su s  

t he  s eeming ly  d i s j o in t ed  i nd iv idua l i z ed  p r e sen t a t i on  o f  t he  

conven t i ona l  na r r a t i ve  r ev i ews .   

The  a ims  o f  t he  s t udy  w e r e  t o  c o n d u c t  a  s e a r c h  f o r  r e l e v a n t  

s t u d i e s  i n  t h e  S A D  n e u r o i m a g i n g  l i t e r a t u r e  a n d  t o  p e r f o r m  a n  

ac t i va t i on  l i ke l i hood -e s t ima t e  me ta - ana ly s i s  o f  t he  r epo r t ed  

ac t i va t i on  coo rd ina t e s ,  wh ich  wou ld  p rov ide  an  ove rv i ew  o f  

f unc t i ona l  neu roana tomy  invo lved  i n  t he  pa tho log i ca l  

exp re s s ion  o f  SAD (Etkin & T. D. Wager, 2007). 
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2 .   

M e t h o d o l o g y  

 

a .  Se l ec t i on  c r i t e r i a  

	
  

I n  o rde r  t o  be  i nc luded  i n  t he  me t a - ana ly s i s ,  s t ud i e s  had  t o  

s a t i s f y  t h e  f o l l o w i n g  s e l e c t i o n  c r i t e r i a :  A l l  f M R I  s t u d i e s  t h a t  

i nc luded  a  SAD pa t i en t  g roup  a s  we l l  a s  a  hea l t hy  con t ro l  

g roup .  Pa t i en t s  had  t o  have  been  d i agnosed  w i th  SAD 

acco rd ing  t o  va l i da t ed  d i agnos t i c  c r i t e r i a  (DSM -IV  o r  ICD-

10 ) .  I n  add i t i on ,  we  on ly  i nc luded  s t ud i e s  t ha t  r epo r t ed  

coo rd ina t e s  f o r  d i f f e r ences  i n  a c t i va t i on  be tween  t he se  g roups  

ac ro s s  t he  who le  b r a in .  

 

b .  Search  s t ra t egy  

A s e a r c h  s t r a t egy  was  cons t ruc t ed  t o  r e t r i e ve  po t en t i a l l y  

e l i g ib l e  s t ud i e s .  The  t i t l e s  and  abs t r ac t s  o f  r e co rds  con t a ined  

w i t h i n  t h e  P u b M e d ,  S c o p i u s ,  E m b a s e  a n d  G o o g l e  S c h o l a r  

e l e c t ron i c  da t abase s  we re  s ea r ched  u s ing  a  combina t i on  o f  t he  

f o l l ow ing :  f M RI ,  f unc t i ona l  M agne t i c  Resonance ,  SAD,  

" S o c i a l  A n x i e t y "  a n d  " S o c i a l  P h o b i a " .  T h e  d a t a b a s e- s p e c i f i c  

s e a r c h  q u e r i e s  c a n  b e  f o u n d  b e l o w :  
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( ( ( ( " f MRI" [T i t l e /Abs t r ac t ] )  OR " f unc t i ona l  Magne t i c  

Resonance*"  [T i t l e /Abs t r ac t ]AND "SAD"[T i t l e /Abs t r ac t ] )  OR 

" S o c i a l  A n x i e t y * " [ T i t l e / A b s t r ac t ] )  OR "Soc i a l  

P h o b i a " [ T i t l e / A b s t r a c t ] ) ) ) ) .  The  s ea r ch  s t r a t egy  was  en t e r ed  

i n to  s eve ra l  da t abase s  i nc lud ing  PubMed ,  Scop iu s ,  Embase  and  

G o o g l e  S c h o l a r .  

 

c .  Se l ec t i on  p roces s  

The  s t udy  s e l ec t i on  p roce s s  cons i s t ed  o f  t h r ee  s t age s .  The  f i r s t  

pa s s  s e l ec t i on  s t a g e  r e q u i r e s  t h a t  t h e  t i t l e s  o f  a l l  o f  t h e  

a r t i c l e s  ob t a ined  by  t he  s ea r ch  be  a s se s sed  f o r  r e l evance .  

O b v i o u s l y  i r r e l e v a n t  a r t i c l e s  w e r e  e x c l u d e d .  T h e  s e c o n d  p a s s  

s e l e c t i o n  s t a g e  r e q u i r e d  t h a t  a l l  t h e  a r t i c l e s  t h a t  s u r v i v e d  t h e  

f i r s t  pa s s ,  be  a s s e s s ed  on  t he  ba s i s  o f  t he i r  ab s t r ac t s  t o  wh ich  

s o m e  o f  t h e  s e l e c t i o n  c r i t e r i a  w a s  a p p l i e d .   

F i n a l l y ,  a l l  t h e  a r t i c l e s  t h a t  s u r v i v e d  t h e  s e c o n d  p a s s  w e r e  

a s se s sed  f o r  i nc lu s ion  ba sed  on  t he  f u l l  t ex t  o f  t he  a r t i c l e .  I f  

t hey  me t  a l l  t he  s e l ec t i on  c r i t e r i a ,  t hey  we re  i nc luded .  F ig  2 .  

demons t r a t e s  t he  number s  o f  ob t a ined  pape r s  a t  e ach  l eve l  o f  

t he  s e l ec t i on  p roce s s .   
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F i g u r e  2 .  

I n i t i a l  s e a r c h  r e s u l t s  –  3 7 6  

 

 

F i r s t  p a s s  s e l e c t i o n  –  1 4 5  

 

 

S e c o n d  p a s s  s e l e c t i o n  –  3 9  

 

 

T h i r d  p a s s  s e l e c t i o n  –  1 1  

 

 

I n c l u d e d  i n  t h e  a n a l y s i s  –  1 1  

 

 

d .  Da ta  ex t rac t i on  

The  da t a  was  ex t r ac t ed  u s ing  a  t emp la t e  c r ea t ed  f o r  t h i s  

pu rpose .  I n f o rma t ion  ex t r ac t ed  f rom the  a r t i c l e s  i nc luded  t he  

t i t l e ,  au tho r s ,  yea r  o f  pub l i c a t i on ,  j ou rna l  name ,  imag ing  

cha rac t e r i s t i c s ,  f MRI  pa r ad igm,  and  ac t i va t i on  coo rd ina t e s .  

M a i n  a t t r i b u t e s  a r e  summar i zed  i n  t ab l e  2 .  

 

e .  ALE me ta -ana l y s i s  

A c t i v a t i o n  c o o r d i n a t e s  f o r m a t t e d  i n  t h e  T a l a i r a c h  s p a c e  w e r e  

ex t r ac t ed  and  ana lyzed  i n  G inge rALE (Eickhoff et al., 2009).  
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P r e v i o u s  v e r s i o n s  o f  G i n g e r A L E  w o u l d  c a l c u l a t e  t h e  

p robab i l i t y  o f  e ach  voxe l  i n  t he  b r a in  be ing  ac t i va t ed  on  t he  

ba s i s  o f  a l l  t h e  f oc i  r epo r t ed  i n  t he  s t ud i e s ,  a s  i f  t he se  3D  

coo rd i na t e s  we re  i ndepe nden t  o f  e ach  o the r .  Th i s  was  

p rob l ema t i c  i n  t ha t  t hose  s t ud i e s  wh ich  r epo r t ed  a  g r ea t e r  

number  o f  coo rd ina t e s  ( pe rhaps  because  t hey  u sed  a  l ower  

s t a t i s t i c a l  t h r e s h o l d )  w o u l d  r e c e i v e  a  g r e a t e r  w e i g h t  w i t h  

r ega rd s  t o  t he i r  con t r i bu t i on  t o  t he  f i nd ings  o f  t he  me ta -

ana ly s i s .   

 

The  l a t e s t  ve r s i on  o f  G inge rALE,  on  t he  o the r  hand ,  i den t i f i e s  

e ach  r epo r t ed  coo rd ina t e  w i th  t he  s t u d y  t h a t  g e n e r a t e d  i t ,  b y  

ob t a in ing  a  s i ng l e  mode l ed  ac t i va t i on  (MA)  map  f o r  e ach  

s t u d y .  T h e  p r o b a b i l i t y  t h a t  a  p a r t i c u l a r  v o x e l  i s  a c t i v a t ed  i s  

t hen  ca l cu l a t ed  a s  t he  un ion  o f  t he  p robab i l i t i e s  f o r  t ha t  voxe l  

a c ro s s  s t ud i e s .  Th i s  r ev i s ed  a lgo r i t hm a l l ows  t he  we igh ing  o f  

t he  p r ec i s i on  o f  t he  l oca t i on  o f  t he  f oc i  r epo r t ed  by  each  s t udy  

by  i t s  s amp le  s i z e  ( t e chn i ca l l y ,  by  ca l cu l a t i ng  a  s t udy- spec i f i c  

F W H M  v a l u e  w h i c h  d e t e r m i n e s  h o w  w i d e l y -d i spe r s ed  o r  

" b l u r r e d "  t h a t  a c t i v a t i o n  i s ) ,  o n  t h e  a s s u m p t i o n  t h a t  l a r g e r  

s t u d i e s  p r o v i d e  m o r e  r e l i a b l e  e s t i m a t e s  o f  a c t i v a t i o n .  I t  i s  t h i s  

mode l i ng  o f  w i th in - s t u d y  v a r i a n c e ,  w h i c h  d i f f e r en t i a t e s  a  

r andom-e f f ec t s  f r om a  f i xed -e f f ec t  ana ly t i c a l  mode l ,  w i th  t he  

cons e q u e n c e  t h a t  o n e  c a n  n o w  g e n e r a l i z e  t h e  f i n d i n g s  o f  t h e  
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me ta - ana ly s i s  t o  t he  S A D  popu l a t i on  (w i th  a  f i xed -e f f ec t s  

ana ly s i s ,  t h i s  was  no t  pos s ib l e ) .  G inge rALE2  a l so  r e s t r i c t s  

voxe l s  o f  i n t e r e s t  t o  t hose  a r ea s  o f  t he  b r a in  wh ich  have  a  

g r ea t e r  t han  10% p robab i l i t y  o f  con t a in ing  g r ey  ma t t e r ,  a s  no  

BOLD s igna l  w i l l  t yp i ca l l y  be  obse rved  i n  wh i t e  ma t t e r .  

D a t a  f r o m  s t u d i e s  w h i c h  r e p o r t e d  s t e r e o t a c t i c  ( x ,  y ,  z )  

coo rd ina t e s  we re  agg rega t ed  a s  pa r t  o f  an  A c t i v a t i o n  

L ike l i hood  Es t ima t ion  (ALE)  me ta - ana ly s i s .  ALE invo lve s  t he  

gene ra t i on  o f  a  s t a t i s t i c a l  pa r ame t r i c  map  (SPM)  o f  b r a in  

ac t i v i t y  t h rough  t he  quan t i t a t i ve  syn the s i s  o f  who le -b r a in  

coo rd ina t e  da t a  a c ro s s  mu l t i p l e  s t ud i e s .  The  l i ke l i hood  t ha t  

a c t i va t i on  i n  pa r t i cu l a r  voxe l s  occu r s  by  chance  can  

s u b s e q u e n t l y  b e  d e t e r m i n e d  t h rough  r e f e r ence  t o  an  

emp i r i c a l l y  de r i ved  p robab i l i s t i c  map  o f  b r a in  ac t i v i t y  (La i rd ,  

e t  a l .  2005a ;  Tu rke l t aub ,  e t  a l .  2002 ) .  ALE makes  op t ima l  u se  

o f  t he  voxe l -w i s e  r e s o l u t i o n  o f  t he  s t udy - l eve l  da t a ,  ove rcomes  

be tween - s t u d y  h e t e r o g e n e i t y  i n  t h e  p o s i t i o n i n g  o f  a c t i v a t e d  

voxe l s  i n t roduced  t h rough  measu remen t  e r ro r ,  and  bypas se s  

r e l i ance  on  sub j ec t i ve  and  e r ro r -p rone  ana tomica l  l abe l i ng  

(La i rd ,  e t  a l .  2005c ) .  Moreove r ,  ALE i s  f u l l y  au toma ted  and  

conc lu s ions  d r awn  f rom i t  c an  be  s t a t i s t i c a l l y  de f ended  

t h rough  r e f e r ence  t o  a  nu l l  hypo the s i s  d i s t r i bu t i on .  S p e c i f i c  

pa r ame te r s  i nc luded  t he  coo rd ina t e  space :  Ta l a i r ach ,  a  more  

conse rva t i ve  mask  s i z e ,  E i ckho f f  2009  a s  t he  ALE me thod ,  a  
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0 .05  f a l s e  d i s cove ry  r a t e  and  a  c l u s t e r  m in imum vo lume  o f  

160mm 3 .  C lu s t e r s  co r r e spond ing  t o  a r ea s  o f  deac t i va t i on  i n  t he  

pa t i en t  ve r su s  con t ro l  g roup  we re  no t  i nc luded  i n  t he  me t a -

ana ly s i s  (Eickhoff et al., 2009). 
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Tab l e  2 .  Summary  o f  t he  cha rac t e r i s t i c s  o f  i nc luded  s t ud i e s .

A u t h o r s  Y e a r  J o u r n a l  S c a n  S e q u e n c e  P a r a d i g m  

B l a i r ,  K .  e t  a l  2 0 0 8  A m  J  P s y c h i a t r y  1 . 5 T ,  T 2 ,  T E  =  3 0 m s ,  T R  =  3 0 0 0 m s ,  F A  =  
2 0 ,  f o v  2 4 0 m m ,  V o x e l s  =  3 . 7 5 x 3 . 7 5 x 4 m m ,  
i s o t r o p i c  6 m m  G a u s s i a n  K e r n e l  

f M R I  a s s e s s e d  t h e  n e u r a l  r e s p o n s e  t o  f a c i a l  
e x p r e s s i o n s  i n  g e n e r a l i s e d  s o c i a l  p h o b i a  a n d  
g e n e r a l i z e d  a n x i e t y  d i s o r d e r  

B l a i r ,  K .  e t  a l  2 0 0 8  A r c h  G e n  P s y c h i a t r y  1 . 5 T ,  T 2 ,  T E  =  3 0 m s ,  T R  =  3 0 0 0 m s ,  F A  =  
2 0 ,  f o v  2 4 0 m m ,  V o x e l s  =  3 . 7 5 x 3 . 7 5 x 4 m m ,  
i s o t r o p i c  6 m m  K e r n e l  

E x a m i n e d  t h e  n e u r a l  r e s p o n s e  t o  r e c e i p t  o f  
p r a i s e  o r  c r i t i c i s m  i n  G S P ;  t o  s h o w  i f  p a t i e n t s  
w i t h  G S P  h a v e  a n  i n c r e a s e d  r e s p o n s e  t o  t h e  
r e c e i p t  o f  b o t h  p r a i s e  a n d  c r i t i c i s m  a n d  
w h e t h e r  s e l f - r e l e v a n c e  m o d u l a t e s  t h i s  
r e l a t i o n s h i p  

G o l d i n ,  P .  e t  a l  2 0 0 9  A r c h  G e n  P s y c h i a t r y  3 T ,  T 2 ,  T E  =  3 0 m s ,  T R  =  1 5 0 0 m s ,  F A  =  6 0 ,  
f o v  =  2 2 c m ,  4 m m  i s o t r o p i c  g a u s s i a n  s p a t i a l  
s m o o t h i n g ,  h i g h  p a s s  f i l t e r i n g  ( 0 . 0 1 1 H z )  

I n v e s t i g a t e d  b e h a v i o u r a l  a n d  n e u r a l  c o r r e l a t e s  
o f  e m o t i o n a l  r e a c t i v i t y  a n d  c o g n i t i v e  
r e g u l a t i o n  i n  p a t i e n t s  a n d  c o n t r o l s  d u r i n g  
p r o c e s s i n g  o f  s o c i a l  a n d  p h y s i c a l  t h r e a t  s t i m u l i  

S t e i n ,  M .  e t  a l  2 0 0 2  A r c h  G e n  P s y c h i a t r y  1 . 5 T ,  T 2 ,  T E  =  4 0 m s ,  T R  =  3 0 0 0 m s ,  F A  =  
9 0 ,  f o v  =  2 2 0 ,  7 m m  t h i c k  a x i a l  s l i c e s  

E x a m i n e d   s u b j e c t s  w i t h  G S P  w i t h  r e f e r e n c e  t o  
g r e a t e r  a m y g d a l a  a c t i v a t i o n  i n  r e s p o n s e  t o  
h a r s h  ( a n g r y ,  f e a r f u l ,  a n d  c o n t e m p -  t o u s )  v s  
a c c e p t i n g  ( h a p p y )  f a c i a l  e m o t i o n a l  e x p r e s s i o n s  
c o m p a r e d  w i t h  h e a l t h y  c o n t r o l  s u b j e c t s  ( H C s )  

S r i p a d a ,  C .  S .  e t  a l  2 0 0 9  N e u r o  R e p o r t  3 T ,  T 2 ,  T E  =  2 5 m s ,  T R  =  2 0 0 0 m s ,  F A  =  7 7 ,  
f o v  =  2 4 c m ,  s p a t i a l  s m o o t h i n g  t h r o u g h  
G a u s s i a n  8 m m  f u l l - w i d t h  h a l f - m a x i m u m  
k e r n a l  

A u t h o r s  c o u p l e d  f M R I  a n d  a  “ t r u s t  g a m e ”  t o  
p r o b e  m e n t a l i z i n g  i n  S A D  

G e n t i l i ,  C .  e t  a l  2 0 0 8  B r a i n  R e s e a r c h  
B u l l e t i n  

1 . 5 T ,  T 2 ,  T E  =  4 0 m s ,  T R  =  2 0 0 0 m s ,  F A  9 0 ,  
f o v  =  2 4 c m ,  G a u s s i a n  k e r n e l  8 m m  h a l f -
w i d t h  s p a t i a l l y  s m o o t h e d  

I n v e s t i g a t e d  h o w  f a c e  p r o c e s s i n g  i s  a l t e r e d  i n  
t h e  d i s t r i b u t e d  n e u r a l  s y s t e m  f o r  f a c e  
p e r c e p t i o n  i n  S o c i a l  P h o b i a  

S t r a u b e ,  T .  2 0 0 5  N e u r o p s y c h o b i o l o g y  1 . 5 T ,  T 2 ,  T E  =  6 0 m s ,  T R  =  4 3 0 0 m s ,  F A  9 0 ,  
f o v  =  1 9 2 m m ,  V o x e l s  1 x 1 x 1 m m  s i z e ,  8 m m  
F W H M  i s o t r o p i c  G a u s s i a n  k e r n e l  s p a t i a l l y  
s m o o t h e d ,  h i g h - p a s s  f i l t e r  

I n v e s t i g a t e d  s p e c i f i c  b r a i n  a c t i v a t i o n  t h a t  i s  
a s s o c i a t e d  w i t h  t h e  p r o c e s s i n g  o f  t h r e a t  a n d  
s a f e t y  s i g n a l s  i n  s o c i a l  p h o b i c s  

G e n t i l i ,  C .  e t  a l  2 0 0 9  B r a i n  R e s e a r c h  
B u l l e t i n  

1 . 5 T ,  T 2 ,  G a u s s i a n  k e r n e l  1 0 m m  h a l f - w i d t h  
s p a t i a l l y  s m o o t h e d  

I n v e s t i g a t e d  p o t e n t i a l  d i f f e r e n c e s  i n  d e f a u l t  
m o d e  n e t w o r k  ( D M N )  a c t i v i t y  b e t w e e n  S o c i a l  
P h o b i a  p a t i e n t s  a n d  h e a l t h y  c o n t r o l s  

Y o o n ,  K .  L .  e t  a l  2 0 0 7  N e u r o i m a g i n g  4 T ,  T E  =  1 1 - 7 8 m s ,  T R  =  2 0 0 0 m s ,  F A  =  9 0 ,  f o v  =  
1 9 2 m m ,  m a t r i x  3 2 x 3 2 ,  s m o o t h e d  w i t h  8 m m 3  
k e r n e l ,  1 2 8 - s  h i g h  p a s s  f i l t e r  

A u t h o r s  m e a s u r e d  a m y g d a l a  r e a c t i v i t y  t o  f a c e s  
v a r y i n g  o n  e m o t i o n a l  i n t e n s i t y  i n  s u b j e c t s  w i t h  
g e n e r a l i z e d  s o c i a l  p h o b i a  ( G S P )  a n d  m a t c h e d  
h e a l t h y  c o n t r o l s  

S h a h ,  S .  G .  e t  a l  2 0 0 9  J  P s y c h i a t r y  
N e u r o s c i  

3 T ,  T 2 ,  T E  =  2 5 m s ,  T R  =  2 0 0 0 m s ,  F A  =  7 7 ,  
f o v  =  2 4 c m ,  s p a t i a l  s m o o t h i n g  t h r o u g h  8 m m  
k e r n a l  

E x a m i n e d  b r a i n  r e s p o n s e  t o  e m o t i o n a l l y  
e v o c a t i v e  i m a g e s  i n  p a t i e n t s  w i t h  g S A D  a n d  
m a t c h e d  h e a l t h y  c o n t r o l s  

E v a n s  K .  C .  e t  a l  2 0 0 8  D e p r e s s i o n  a n d  
A n x i e t y  

1 . 5 T ,  T 2 ,  T E  =  4 0 m s ,  T R  =  2 8 0 0 m s ,  F A  =  
9 0 ,  s m o o t h e d  w i t h  6 m m  G a u s s i a n  k e r n e l  

I n v e s t i g a t e d  w h e t h e r  a n  a n g r y  ‘ ‘ s c h e m a t i c  
f a c e ’ ’  w o u l d  e v o k e  e x a g g e r a t e d  a m y g d a l a r  
r e s p o n s e s  i n  S A D  p a t i e n t s  c o m p a r e d  w i t h  
h e a l t h y  c o n t r o l  
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3 .   

Resu l t s  

 The  ALE r evea l ed  s eve ra l  p rominen t  a r ea s  o f  a c t i va t i on  ( s ee  

t ab l e  3  and  f i gu re  1 ) .  The  r i gh t  head  o f  t he  cauda t e  nuc l eus ,  

r i gh t  c l au s t rum,  t he  l e f t  pa r ah ippocampa l  gy rus  and  amygda l a ,  

r i gh t  g lobus  pa l l i dus ,  l e f t  cuneus ,  r i gh t  pu t amen ,  r i gh t  i n su l a  

and  t he  l e f t  pos t e r i o r  l obe  o f  t he  ce r ebe l l um w e r e  a l l  

s i g n i f i c a n t l y  m o r e  a c t i v e  i n  t h e  p a t i e n t  t h a n  t h e  c o n t r o l  

g roups  ac ro s s  t he  pa r ad igms  i nc luded  i n  t he  me t a - ana ly s i s .  

 

Tab l e  3 .  Summary  o f  ma in  r e su l t s .  
 
 
 
 
 

 

 

 

 

 

 

	
   	
   Weighted	
  Centre	
   	
   	
   Coordinates	
  in	
  Talirach	
  Space	
  

Brain	
  Region	
   Volume	
  
mm3	
  

x	
   y	
   z	
   Extrema	
  value	
   x	
   y	
   z	
  

R.Head	
  of	
  the	
  Caudate	
   1552	
   20.45	
   6.15	
   22.25	
   0.028053103	
   18	
   6	
   22	
  

R.Claustrum	
   	
   	
   	
   	
   0.013352961	
   30	
   8	
   16	
  

L.Parahippocampal	
  Gyrus	
  &	
  
Amygdala	
  

1184	
   -­‐25.64	
   -­‐4.55	
   -­‐15.22	
   0.018140156	
   -­‐26	
   -­‐4	
   -­‐16	
  

R.Lateral	
  Globus	
  Pallidus	
   920	
   20.48	
   -­‐4.65	
   -­‐6.18	
   0.023225226	
   20	
   -­‐4	
   -­‐6	
  

L.Cuneus	
   256	
   -­‐1.25	
   -­‐82.47	
   8.71	
   0.013963579	
   -­‐2	
   -­‐82	
   8	
  

R.Putamen	
   232	
   22.28	
   12.73	
   7.3	
   0.013697622	
   22	
   12	
   8	
  

R.Insula	
   224	
   44.67	
   3.2	
   12.53	
   0.012632912	
   46	
   2	
   14	
  

L.Cerebellum	
  –	
  posterior	
  lobe	
   168	
   -­‐27.68	
   -­‐63.91	
   -­‐16.39	
   0.013037634	
   -­‐28	
   -­‐64	
   -­‐16	
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4. Conclusions 

The  ma in  f i nd ings  o f  t h i s  me t a - ana ly s i s  w e r e  h y p e r a c t i v i t y  i n  

S A D  in  t he  r i gh t  head  o f  t he  cauda t e  nuc l eus ,  r i gh t  c l au s t rum,  

t he  l e f t  pa r ah ippocampa l  gy rus  and  amygda l a ,  r i gh t  g lobus  

pa l l i dus ,  l e f t  cuneus ,  r i gh t  pu t amen ,  r i gh t  i n su l a  and  t he  l e f t  

pos t e r i o r  l obe  o f  t he  ce r ebe l l um.  Thes e  f i nd ings  a r e  cons i s t en t  

w i t h  t h e  an ima l  l i t e r a tu r e  on  f ea r  neu roc i r cu i t r y (Davis, 1992; J. E. 

LeDoux, 1993),  and  w i th  p r ev ious  sy s t ema t i c  r ev i ews  and  me ta -

ana ly se s  (Etkin & T. D. Wager, 2007; Freitas-Ferrari et al., 2010; Phan et al., 

2002) i n  SAD .   

I n  pa r t i cu l a r  t he  f i nd ing  t ha t  t he  i n su l a (Amir et al., 2005; Gentili et al., 

2008; Straube et al., 2004) and  s t r i a t um (F R Schneier et al., 2000; Tiihonen et 

al., 1997; Warwick, Carey, Jordaan, Dupont, & D. J. Stein, 2008) a r e  

cons i s t en t l y  imp l i ca t ed  ac ro s s  s eve ra l  f unc t i ona l  b r a in  imag ing  

s t u d i e s  i n  S A D(Freitas-Ferrari et al., 2010),  r e i n f o r ce s  t he i r  l i ke ly  

i nvo lvemen t  i n  t he  pa thogenes i s  o f  anx i e ty  d i so rde r s  and  SAD 

s p e c i f i c a l l y .   

The  i n su l a  i s  l i ke ly  i nvo lved  w i t h  i n t e rocep t i on :  t he  

r ep r e sen t a t i on  o f  t he  body ’ s  i n t e rna l  s t a t e  (C ra ig  e t  a l . ,  2002 ,  

2009 ) ,  wh i l e  t he  s t r i a t um i s  i nvo lved  i n  s t imu lus  bound  behav io r  

(Grahn, Parkinson, & Owen, 2008).  O n e  can  t he r e f o r e  a rgue  t ha t  

hype rexc i t ab i l i t y  o f  t he  s t r i a t um r e su l t s  i n  he igh t ened  s ens i t i v i t y  

t owards  s t imu l i  and  hype rac t i va t i on  o f  t he  i n s u l a  equa l l y  

s u g g e s t s  a  h y p e r s e n s i t i v i t y  t o  i n t e r o c e p t i v e  c u e s .  P e o p l e  w i t h  
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S A D  m a y  t h e r e f o r e  b e  h y p e r s e n s i t i v e  t o  h o w  t h e y  a r e  p e r c e i v e d ,  

because  t hey  a r e  so  acu t e ly  awa re  o f  how they  pe r ce ive  

t hemse lve s ,  t he r e f o r e  t he  f ea r  o f  emba r r a s smen t  i n  soc i a l  and  

pe r f o rmance  s i t ua t i ons .  

A d d i t i o n a l  f i n d i n g s  i n c l u d e  i n c r e a s e d  a c t i v a t i o n  i n  t h e  

pa r ah ippocampa l  gy rus ,  t he  cuneus  and  t he  ce r ebe l l um.  The  

pa r ah ippocampa l  gy rus  ha s  been  imp l i ca t ed  i n  con t ex tua l  f e a r  

cond i t i on ing  i n  humans  and  an ima l s  (Alvarez, Biggs, Chen, Pine, & 

Grillon, 2008).  I nc r ea sed  ac t i va t i on  i n  t h i s  a r ea  may  s i gn i f y  t ha t  

peop l e  w i th  SAD have  an  abe r r an t  a t t r i bu t i on  o f  f e a r f u l  

pe r cep t i ons  t o  non th r ea t en ing  con t ex tua l  cue s .  The  cuneus  f o rms  

pa r t  o f  t he  p r ima ry  v i sua l  co r t ex ,  hype rac t i va t i on  o f  t h i s  r eg ion  

may  t he r e f o r e  be  a t t r i bu t ed  t o  i nc r ea sed  s e n s i t i v i t y  t o  v i sua l  

s t i m u l i ,  and  hype rv ig i l ance .  Recen t  da t a  sugges t  t ha t  d i s t i nc t  

r eg ions  o f  t he  ce r ebe l l um have  a  s i gn i f i c an t  r o l e  i n  cogn i t i on  

and  l e a rn ing  (Diamond, 2000).  Add i t i ona l  r e s ea r ch  sugges t s  t ha t  t he  

ce r ebe l l um may  be  sub j ec t  t o  expe r i ence -dependen t  changes  i n  

s t r u c t u r e  (Bauer, Hanson, Pierson, Davidson, & Pollak, 2009).  

The  amygda l a  ha s  cons i s t en t l y  been  imp l i ca t ed  ac ro s s  much  o f  

t he  ba s i c  l i t e r a tu r e  on  f ea r  a s  we l l  a s  t he  neu ro imag ing  l i t e r a tu r e  

i n  anx i e ty  d i so rde r s .  I n  SAD,  t he  amygda l a  s eems  t o  p l ay  an  

impor t an t  r o l e  i n  med ia t i ng  anx i e ty  s t a t e s .  I n  peop l e  w i thou t  

S A D ,  t h e  a m y g d a l a  a p p e a r s  t o  b e  i n v o l v e d  i n  t h e  e m o t i o n a l  

con t ex tua l i z a t i on  o f  even t s .  Wherea s  i n  an ima l s ,  t he  amygda l a  
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ha s  been  imp l i ca t ed  i n  s t r e s s - i nduced  abno rma l i t i e s  o f  emo t iona l  

memory  (LeDoux et al., 1993; Davis et al., 1992).  I t  may  be  t ha t  

hype rac t i va t i on  o f  t he  amygda l a  may  be  i nvo lved  i n  

dys f unc t i ona l  emo t iona l  con t ex tua l i z a t i on  o f  memor i e s  r e su l t i ng  

i n  hype r r eac t i v i t y  t o  non - th r ea t en ing  s t imu l i .  

S e v e r a l  l i m i t a t i o n s  o f  t h i s  s t u d y  m u s t  b e  e m p h a s i z e d .  F i r s t ,  t h e r e  

a r e  r e l a t i ve ly  f ew  s tud i e s  i nc luded  i n  t h i s  me t a - ana ly s i s .  The  

e s t ima t i on  p rov ided  by  t he  r e su l t s  o f  t he  ana ly s i s  may  no t  be  an  

exac t  e s t ima t i on  o f  t he  f unc t i ona l  neu roana tomy  invo lved  i n  

S A D .  Tha t  s a id ,  t h i s  i s  t he  l a rge s t  me t a - ana l y s i s  o f  SAD to  da t e .  

S e c o n d ,  i t  m u s t  b e  n o t e d  t h a t  t h e  f u n c t i o n a l  p a r a d i g m s  i n  e a c h  o f  

t he se  s t ud i e s  u sed  t o  e l i c i t  emo t iona l  r e sponse s  f rom the  

s u b j e c t s ,  w e r e  h e t e r o g e n e o u s .  A l t h o u g h  t hey  we re  i n  t he  s ame  

b road  ca t ego ry ,  t he  t a sk - s p e c i f i c  d i f f e r e n c e s  b e t w e e n  t h e m  m i g h t  

a ccoun t  f o r  he t e rogene i t y  o f  t he  ALE map  o f  b r a in  ac t i va t i on  

t ha t  was  no t  d i r ec t l y  due  t o  t he  spec i f i c  neu ropa tho logy  o f  SAD.  

Th i rd ,  we  we re  unab l e  t o  con t ro l  f o r  a  r ang e  o f  va r i ab l e s  such  a s  

s o c i o -demograph i c  cha r ac t e r i s t i c s  l i ke  age ,  gende r ,  IQ  and  

neu rogene t i c  va r i ab l e s  such  a s  d i f f e r ences  i n  geno typ ing  o f  

i n t eg ra l  c and ida t e  genes  i n  t he  s canned  sub j ec t s .   

D e s p i t e  t h e s e  l i m i t a t i o n s ,  t he  f i nd ings  sugges t  t ha t  t he r e  a r e  

f u r t he r  pos s ib l e  d i r ec t i ons  f o r  f u tu r e  r e s ea r ch  i n  f unc t i ona l  

neu ro imag ing  i n  SAD.  I t  wou ld  be  pa r t i cu l a r l y  u se f u l  i f  d i f f e r en t  

r e s ea r ch  cen t e r s  u sed  s im i l a r  even t  r e l a t ed  pa r ad igms  t o  e l i c i t  
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emo t iona l  r e sponse s  f rom sub j ec t s  w i th  SAD in  o rde r  t o  bo l s t e r  

i n t e r s t udy  conco rdance .  Th i s  wou ld  a l l ow  f o r  more  ca r e f u l  

ana ly se s  o f  soc io -demograph i c  va r i ab l e s .  

 

F i g u r e 1 .  S u m m a r y  o f  b r a i n  a c t i v a t i o n  r e g i o n s  o f  t h e  A L E
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Chapter  3  

Cort ica l  Thickness  and  Subcor t ica l  Volumetr ic  

Analys is  

 

1 .   

I n t r o d u c t i o n  

The  ce r eb ra l  co r t ex  i s  compr i s ed  o f  a  t h in  shee t  o f  h igh ly  

f o lded  neu rons .  Th i s  s hee t  o f  g r ay  ma t t e r  i s  cons t i t u t ed  by  6  

cy toa r ch i t e c ton i c  l aye r s ,  e ach  a s  d ive r s e  a s  t he  nex t  i n  t e rms  o f  

pa r a l l e l  and  s e r i a l  c i r cu i t s  w i th in  t hem (von  Economo ,  C .  

1929 ) .  The  t h i cknes s  o f  t he  ce r eb ra l  co r t ex  va r i e s  be tween  1  

and  4 .5mm wi th  an  ave rage  t h i cknes s  o f  2 . 5mm ( Z i l l e s ,  K .  

1990 ) .  The  t h i cknes s  o f  t he  ce r eb ra l  co r t ex  i s  o f  g r ea t  i n t e r e s t  

i n  p sych i a t r i c  d i so rde r s .  Pa tho log i ca l  changes  i n  t he  b r a in  

t yp i ca l l y  man i f e s t s  a s  a  l o s s  o f  b r a in  t i s sue  (Takao, Abe, & Ohtomo, 

2010).  Co r t i c a l  t h inn ing  i s  o f t en  r eg ion  spec i f i c  and  t he  p rog re s s  

o f  t he  a t rophy  can  consequen t l y  r evea l  a  g r ea t  dea l  abou t  t he  

evo lu t i on  and  ae t i o log i ca l  f a c to r s  o f  a  d i s ea se  p roce s s  (B Fischl & 

Dale, 2000).   

S e v e r a l  c o r t i c a l  r e g i o n s  h a v e  b e e n  i m p l i c a t e d  i n  s o c i a l  a n x i e t y  

d i so rde r ,  bu t  no  co r t i c a l  t h i cknes s  ana ly s i s  t o  da t e  ha s  been  

conduc t ed  t o  i nves t i ga t e  va r i a t i ons  o f  co r t i c a l  t h i cknes s  a s  a  

pos s ib l e  a e t i o log i ca l  f a c to r  i n  SAD.  Func t i ona l  MRI  w o r k  h a s  
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demons t r a t ed  t ha t  SAD i s  cha r ac t e r i z ed  by  spec i f i c  a l t e r a t i ons  

i n  f unc t i ona l  neu roana tomy ;  pa r t i cu l a r l y  i nc r ea sed  

r e spons ivenes s  o f  amygda l a  t o  emo t iona l  s t imu l i ,  bu t  a l so  

changes  i n  p r e f ron t a l  and  o the r  co r t i c a l  a r ea s  (Freitas-Ferrari et al., 

2010).   

Recen t  s t ud i e s  have  shown  r educed  r e s t i ng  s t a t e  f unc t i ona l  

connec t i v i t y  be tween  t he  l e f t  amygda l a  and  t he  med ia l  

o rb i t o f ron t a l  co r t ex  (Hahn et al., 2011) a s  we l l  a s  compromised  

i n t eg r i t y  o f  t he  wh i t e  ma t t e r  t r a c t  t ha t  connec t s  t he  amygda l a  

w i t h  t h e  m e d i a l  O F C(Phan et al., 2009).  These  da t a  t i e  i n  we l l  w i th  

t he  i nc r ea s ing  ev idence  f o r  t he  ro l e  o f  t he  OFC in  soc i a l  

i n f o rma t ion  p roces s ing (Beer, John, Scabini, & Knight, 2006);  a  f a cu l t y  

t ha t  may  be  compromised  i n  s o c i a l  a n x i e t y  d i s o r d e r  (Amir et al., 

2005; Straube et al., 2004).  

A d v a n c e s  i n  b r a i n  i m a g i n g  a n a l y t i c  t e c h n i q u e s  h a v e  l e d  t o  

improved  e s t ima t i ons  o f  measu re s  such  a s  co r t i c a l  t h i cknes s  and  

s u b o c o r t i c a l  v o lumes  (B Fischl & Dale, 2000).   A l t hough  f unc t i ona l  

neu roana tomica l  f i nd ings  ( t hose  f ound  w i th  f MRI  i nves t i ga t i on )  

t o  da t e  a r e  cons i s t en t  w i th  a  v i ew  tha t  SAD i s  cha r ac t e r i z ed  by  

dys f unc t i on  i n  emo t iona l  p roce s s ing  (Etkin & T. D. Wager, 2007),  

da t a  on  s t r uc tu r a l  a spec t s  o f  t he  co r t i c a l  doma ins  t ha t  unde r l i e  

t he se  soc i a l - emo t iona l  f unc t i ons  a r e  l a ck ing .  Wi th  t h i s  end  i n  

m ind ,  we  unde r took  h igh - r e so lu t i on  s t r uc tu r a l  magne t i c  

r e sonance  imag ing  o f  sub j ec t s  w i th  SAD  p a t i e n t s  a n d  m a t c h e d  
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con t ro l s .  Based  on  t he  ro l e  o f  t he  OFC in  soc i a l  p roce s s ing (Beer 

et al., 2006),  l ong i t ud ina l  f i nd ings  o f  a  s t r ong  co r r e l a t i on  be tween  

t h inne r  o rb i t o f ron t a l  co r t i c e s  and  a  more  i nh ib i t ed  

t empe ramen t (Schwartz et al., 2010),  and  t he  dens i t y  o f  t he  r e c ip roca l  

p ro j ec t i ons  be tween  t he  amygda l a  and  t he  med i a l  OFC(Stefanacci 

& Amaral, 2000),  w e  h y p o t h e s i z e d  t h a t  t h e  o r b i t o - f ron t a l  co r t i c e s  

o f  SAD ind iv idua l s  wou ld  l i ke ly  be  t h inne r  t han  t ha t  o f  con t ro l  

s u b j e c t s .   

The  ove rwhe lming  ma j o r i t y  o f  s t ud i e s  t ha t  have  l ooked  a t  soc i a l  

behav io r  i n  i nd iv idua l s  w i th  soc i a l  anx i e ty  have  r epo r t ed  

anoma l i e s  i n  f a ce  pe r cep t i on  o r  f a ce  r ecogn i t i on ,  be l i eved  t o  be  

s u b s e r v e d ,  i n  p a r t ,  b y  t h e  f u s i f o r m  f a c e  a r ea  (F F A ) (Haxby, 

Hoffman, & Gobbini, 2000; Yovel & Kanwisher, 2005).  The re f o r e ,  we  a l so  

expec t ed  t o  f i nd  g r ey  m a t t e r  abno rma l i t i e s  i n  t he  fu s i f o rm  

gy rus .  F ina l l y ,  g iven  t he  c lo se  pa r a l l e l s  be tween  some  o f  t he  

s y m p t o m o l o g y  s o c i a l  a n x i e t y  d i s o r d e r  a n d  au t i sm  spec t rum 

d i so rde r  (ASD) ,  i nc lud ing  impa i r ed  soc i a l  and  emo t iona l  sk i l l s ,  

w e  w e r e  a l s o  i n t e r e s t e d  i n  r e g i o n s  t ha t  have  been  imp l i ca t ed  i n  

t he  soc i a l  de f i c i t s  i n  i nd iv idua l s  w i th  au t i s t i c  d i so rde r s  s u c h  a s  

t he  mi r ro r  neu ron  sy s t em inc lud ing  t he  pa r s  ope rcu l a r i s  o f  t he  

i n f e r i o r  f r on t a l  gy rus  (Yamasaki et al., 2010),  i n f e r i o r  pa r i e t a l  l obu l e  

and  t he  supe r io r  t empora l  su l cus  (Hadjikhani, Joseph, Snyder, & Tager-

Flusberg, 2006).  
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2 .  

M e t h o d o l o g y  

a .  Par t i c i pan t s  

P a r t i c i p a n t s  w i t h  S A D  w e r e  r e c r u i t e d  f r o m  a  w i d e  r a n g e  o f  

s o u r c e s  ( e . g .  l o c a l  p s y c h i a t r i s t s  a n d  p sycho log i s t s ,  commun i ty  

advocacy  g roups ) .   Gende r -  and  age - ma tched  con t ro l s  we re  

r ec ru i t ed  f rom the  commun i ty  and  ou r  un ive r s i t y  c ampus  t h rough  

adve r t i s emen t s  i n  t he  med ia .   Pa r t i c i pan t s  we re  i nc luded  i f  t hey  

w e r e  r i g h t -handed  and  be tween  18  and  65  yea r s  o f  age .  

 

S u b j e c t s  w i t h  a  p r i m a r y  d i a g n o s i s  o f  g e n e r a l i z e d  S A D  ( n = 1 3 )  

w e r e  i n c l u d e d  i f  t h e y  h a d  n o  c o m o r b i d  p s y c h i a t r i c  d i s o r d e r s  o n  

t he  S t ruc tu r ed  C l in i ca l  I n t e rv i ew  f o r  DSM -IV  (F i r s t  e t  a l ,  1994 ) .  

H e a l t h y  c o n t r o l s  ( n = 1 3 )  w e r e  i n c l u d e d  i f  t h e y  h a d  n o  h i s to ry  o f  

p sych i a t r i c  d i so rde r s .  Ne i t he r  SAD no r  hea l t hy  con t ro l s  we re  on  

p sycho t rop i c  med i ca t i on  a t  t he  t ime  o f  t he  s cans ,  excep t i ng  f o r  

one  pa t i en t  who  u sed  benzod i azep ine s .    

The  i n s t i t u t i ona l  r ev i ew  boa rd  o f  t he  Un ive r s i t y  o f  S t e l l enbosch   

app roved  t he  s t udy  p ro toco l .   Pa r t i c i pa t i on  was  vo lun t a ry  and  a l l  

pa t i en t s  and  con t ro l s  p rov ided  wr i t t en  i n f o rmed  consen t  be f o r e  

pa r t i c i pa t i on .   
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b .  Measures  

S A D  p a t i e n t s  w e r e  a d m i n i s t e r e d  t he  L i ebowi t z  Soc i a l  Anx ie ty  

S c a l e  ( L S A S )  t o  d e t e r m i n e  s y m p t o m s  s e v e r i t y  (L i ebowi t z  e t  

a l . ,  1999 )  and  t he  Mon tgomery  Äsbe rg  Dep re s s ion  Ra t i ng  

S c a l e  ( M A D R S )  t o  a s s e s s  l e v e l  o f  d e p r e s s i v e  

s y m p t o m a t o l o g y(Fantino & Moore, 2009).  The  ove ra l l  c l i n i ca l  

s e v e r i t y  o f  s y m p t o m s  w e r e  a s s e s s e d  u s i n g  t h e  C l i n i c a l  G loba l  

Impre s s ion  (CGI )  s ca l e (Kadouri, Corruble, & Falissard, 2007).  

 

 

 

c .  S t ruc tura l  MRI  

M a g n e t i c  r e s o n a n c e  i m a g i n g  w a s  c o n d u c t e d  o n  t h e  3 T  S i e m e n s  

s y s t e m  ( M A G N E T O M  A l l e g r a ,  E r l a n g e n ,  G e r m a n y )  a t  t h e  C a p e  

U n i v e r s i t i e s  B r a i n  I m a g i n g  Cen t r e .   Who le  b r a in  T1 - w e i g h t e d   

3D  magne t i z a t i on -p repa red  r ap id  g r ad i en t  e cho  (MPRAGE)   

(Mug le r  and  Brookeman ,  1990 )  images  we re  acqu i r ed  u s ing  t he  

f o l l ow ing  pa r ame te r s :  s pa t i a l  r e s o lu t i on  =  1 .0×1 .0×1 .0  mm3;  

s l i c e s  =  1 6 0 ;   m a t r i x  =  1 7 9  ×  2 5 6 ;  T R  =  2 3 0 0  ms ;  TE  =  3 .93  ms ;  

T I  =  1100  ms  and  f l i p  ang l e  =  12  deg ree s .  

 

d .  MRI  da ta  ana l y s i s  

Cor t i c a l  t h i cknes s  and  subco r t i c a l  vo lumes  we re  e s t ima t ed  f rom 

the  T1 -w e i g h t e d  i m a g e s  w i t h  F r e e s u r f e r  (D a l e ,  F i s ch l  e t  a l . ,  
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1999 ) ,  wh ich  i s  a  t oo l s e t  f o r  r e cons t ruc t i ng  t he  b r a in  su r f ace .  

F i r s t l y  c e r e b r a l  w h i t e  m a t t e r  w a s  s e g m e n t e d  a n d  t h e  g r e y-w h i t e  

ma t t e r  bounda r i e s  we re  e s t ima t ed .  Topog raph i ca l  de f ec t s  i n  

g r ay -w h i t e  m a t t e r  b o u n d a r i e s  w e r e  f i x e d .   

The  g r a y -w h i t e  m a t t e r  e s t i m a t e  w a s  u s e d  a s  t h e  s t a r t i n g  p o i n t  

f o r  a  de f o rmab le  s u r f a c e  a l g o r i t h m  t o  s e a r c h  f o r  t h e  p i a l  

s u r f a c e .  T h e  w h o l e  c o r t e x  o f  e a c h  i n d i v i d u a l  s u b j e c t  w a s  

v i sua l l y  i n spec t ed  f o r  i naccu rac i e s  i n  s egmen ta t i on  and  manua l  

co r r ec t i ons  we re  pe r f o rmed  i f  i t  was  deemed  neces sa ry .  No  

i n t e rven t i on  was  r equ i r ed  i n  t h i s  c a s e .   

Loca l  co r t i c a l  t h i cknes s  was  measu red  by  ca l cu l a t i ng  t he  

d i f f e r ences  i n  co r r e spond ing  ve r t i c e s  be tween  p i a l  and  g r ey -

w h i t e  m a t t e r  s u r f a c e s .  T h e  c o r t e x  w a s  p a r c e l l a t e d  i n t o  d i f f e r e n t  

r eg ions  a s  de f i ned  by  gy ra l  and  su l ca l  s t r uc tu r e .  Subco r t i c a l  

r eg ions  w e r e  s e g m e n t e d  i n t o  d i f f e r e n t  t i s s u e  c l a s s e s  b y  

app ly ing  Markov  r andom f i e ld  t heo ry .   

Th i cknes s  va lue s  f o r  t he  supe r io r  t empora l ,  med i a l  and  l a t e r a l  

o rb i t o f ron t a l  co r t ex ,  an t e r i o r  c i ngu l a t e  and  supe r io r  f r on t a l  

gy rus  w e r e  e x t r a c t e d  a s  w e l l  a s  v o l u m e t r i c  measu re s  f o r  t he  

amygda l a  and  h ippocampus .  These  r eg ions  a r e  imp l i ca t ed  by  

p r ev ious  s t ud i e s  a s  be ing  i nvo lved  w i th  soc i a l  cogn i t i on ,  soc i a l  

anx i e ty  and  au t i sm  (Etkin & T. D. Wager, 2007; Freitas-Ferrari et al., 2010; 

Hadjikhani et al., 2006).  These  va lue s  we re  expo r t ed  t o  SPSS  18 .0  f o r  

s t a t i s t i c a l  a n a l y s i s .  
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e .  S ta t i s t i ca l  ana l y s i s  

To  inves t i ga t e  d i f f e r ences  i n  vo lume  and  co r t i c a l  t h i cknes s  

be tween  con t ro l s  and  SAD pa t i en t s ,  an  unpa i r ed  two - s a m p l e  

S t u d e n t  t - t e s t  was  pe r f o rmed .  I n t r ac r an i a l  vo lume ,  age  and  

gende r  we re  con t ro l l ed  f o r  i n  t he  de s ign  and  r e su l t s  we re  pos t -

hoc  Bonf e r ron i  co r r ec t ed  f o r  mu l t i p l e  compa r i sons .  
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Tab le  1 .  Demograph i c  summary  n=  number  o f  pa r t i c i pan t s  
	
  
 Subjects with 

social anxiety 
disorder 

Healthy controls p <0.05  

n 11 13  
Age 36.6 33.6 0.261 
Gender 5 female; 7 male 4 female; 9 male 0.579 
 

Tab le  2 .  S ign i f i c ance  va lue s  o f  co r t i c a l  t h i cknes s  va lue  ba sed  t -

t e s t s .  *  I nd i ca t e s  s t a t i s t i c a l l y  s i gn i f i c an t  r e su l t s  

Region Hemisphere p <0.05 
Temporal lobe   

Superior 
temporal gyrus 

L 0,003* 
R 0,077 

Superior 
temporal sulcus 

L 0,143 
R 0,075 

Fusiform gyrus L 0,007* 
R 0,038* 

Inferior temporal 
gyrus 

L 0,268 
R 0,038* 

Frontal lobe   
Medial 

orbitofrontal 
cortex 

L 0,011* 
R 0,005* 

Lateral 
orbitofrontal 

cortex 

L 0,004* 
R 0,213 

Anterior cingulate 
cortex 

L 0,289 
R 0,074 

Superior frontal 
gyrus 

L 0,008* 
R 0,009* 

Pars opercularis L 0,091 
R 0,008* 

Pars orbitalis L 0,240 
R 0,157 

Pars triangularis L 0,083 
R 0,088 

Inferior frontal 
gyrus 

L 0,058 
R 0,023* 

Insula L 0,012* 
R 0,030* 

Mid frontal gyrus L 0,139 
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R 0,001* 
Parietal lobe   

Inferior parietal 
lobule 

L 0,518 
R 0,010* 

Occipital lobe   
Inferior occipital 

gyrus 
L 0,308 
R 0,333 

 

Tab l e  3 .  Vo lume t r i c  measu re s  

Region Hemisphere p <0.05 

Amygdala L 0,106 
R 0,031* 

Hippocampus L 0,121 
R 0,312 

ICV  0.706 
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3 .  

Resu l t s  

A r e a s  o f  s i g n i f i c a n t l y  d e c r e a s e d  c o r t i c a l  t h i c k n e s s  w e r e  f o u n d  

i n  t he  1 )  l e f t  supe r io r  t empora l  gy rus ;  2 )  r i gh t  amygda l a ;  3 )  

r i gh t  and  l e f t  med i a l  o rb i t o f ron t a l  co r t ex ;  4 )  l e f t  l a t e r a l  

o rb i t o f ron t a l  co r t ex ;  5 )  l e f t  and  r i gh t  supe r io r  f r on t a l  gy rus ;  6 )  

r i gh t  pa r s  ope rcu l a r i s ;  7 )  r i gh t  i n f e r i o r  f r on t a l  gy rus ;  8 )  r i gh t  

i n f e r i o r  pa r i e t a l  l obu l e ;  9 )  l e f t  and  r i gh t  f u s i f o rm  gy rus ;  10 )  

r i gh t  i n f e r i o r  t empor a l  gy rus ;  11 )  r i gh t  m idd l e  f ron t a l  gy rus ;  

12 )  r i gh t  t ha l amus ;  13 )  l e f t  and  r i gh t  i n su l a .  The re  we re  no  

s i g n i f i c a n t  c o r r e l a t i o n s  b e t w e e n  s y m p t o m  seve r i t y  and  

s t r u c t u r a l  f i n d i n g s .  F i g u r e  1 .  d e m o n s t r a t e s  s u p e r f i c i a l  a r e a s  o f  

dec r ea sed  co r t i c a l  t h i cknes s  (A ,  B  and  C)  
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• 

C. Denote . left and right cortical region •. 
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4 .  

Conc lus ion  

The  ma in  f i nd ings  o f  t h i s  s t udy  we re  1 )  t ha t  compa red  t o  

hea l t hy  con t ro l s ,  SAD pa t i en t s  had  s i gn i f i c an t  co r t i c a l  t h inn ing  

i n  p r ac t i c a l l y  t he  en t i r e  l a t e r a l  f r on t a l  l obe  on  t he  r i gh t .  

S p e c i f i c a l l y ,  t h e  f o l l ow ing  r eg ions  w e re  f ound  t o  be  

s i g n i f i c a n t l y  t h i n n e r :  l e f t  s u p e r i o r  t e m p o r a l  g y r u s ;  r i g h t  

amygda l a ;  r i gh t  and  l e f t  med i a l  o rb i t o f ron t a l  co r t ex ;  l e f t  l a t e r a l  

o rb i t o f ron t a l  co r t ex ;  l e f t  and  r i gh t  supe r io r  f r on t a l  gy rus ;  r i gh t  

pa r s  ope rcu l a r i s ;  r i gh t  i n f e r i o r  f r on t a l  gy rus ;  r i gh t  i n f e r i o r  

pa r i e t a l  l obu l e ;  l e f t  and  r i gh t  f u s i f o rm  gy rus ;  r i gh t  i n f e r i o r  

t empora l  gy rus ;  r i gh t  m idd l e  f ron t a l  gy rus ;  r i gh t  t ha l amus ;  l e f t  

and  r i gh t  i n su l a ,  and  2 )  t ha t  t he r e  we re  no  s i gn i f i c an t  

co r r e l a t i ons  be tween  symptom seve r i t y  measu re s  and  e i t he r  

co r t i c a l  o r  subco r t i c a l  va r i a t i ons  i n  t h i cknes s .   

The  s t r uc tu r a l  f i nd ings  he r e  a r e  cons i s t en t  w i th  a  g rowing  

da t abase  o f  imag ing  s t ud i e s  t ha t  have  emphas i zed  a l t e r a t i ons  i n  

f unc t i ona l  neu roana tomy  in  S A D .   Whi l e  t he  mos t  cons i s t en t  

f i n d ing  f rom the  f unc t i ona l  imag ing  l i t e r a tu r e  ha s  been  o f  

amygda l a  hype rac t i v i t y ,  p r ev ious  work  ha s  a l so  emphas i zed  

a l t e r a t i ons  i n  p r e f ron t a l  and  pa r i e t a l  co r t ex (Hadjikhani et al., 2006).   

A  s m a l l  s t r u c t u r a l  l i t e r a t u r e  h a s  s u g g e s t e d  t h a t  S A D  i s  

cha r ac t e r i z ed  by  abno rma l i t i e s  i n  co r t i c a l  and  subco r t i c a l  

vo lumes (Milham et al., 2005).   The re  a r e ,  howeve r ,  some  
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i ncons i s t enc i e s  i n  t he  l i t e r a tu r e ;  f o r  example ,  we  cou ld  no t  

r ep l i c a t e  p r ev ious  f i nd ings  o f  i nc r ea sed  p r e f ron t a l  vo lume  i n  

S A D  (van  To l  e t  a l . ,  2010 ) .  

P r e v i o u s  w o r k  h a s  e m p h a s i z e d  t h a t  i m a g i n g  f i n d i n g s  i n  s o c i a l  

anx i e ty  d i so rde r  pa t i en t s  a r e  cons i s t en t  w i t h  a  ba s i c  l i t e r a tu r e  

on  f ea r  cond i t i on ing  i n  an ima l s (J. E. LeDoux, 1993).   Thus ,  

i nc r ea sed  amygda l a  a c t i va t i on  i n  r e sponse  t o  t h r ea t en ing  

emo t iona l  s t imu l i  i s  t aken  t o  r ep re sen t  f a c i l i t a t i on  o f  f e a r  

r e sponse s  i n  SAD pa t i en t s .   Ou r  f i nd ings  add  t o  t h i s  body  o f  

w o r k  i n  two  ways .   F i r s t ,  d ec r ea sed  co r t i c a l  t h i cknes s  i n  s eve ra l  

d i f f e r en t  r eg ions  sugges t s  t ha t  a  number  o f  add i t i ona l  

cogn i t i ve - a f f ec t i ve  p roce s se s  may  be  impa i r ed  i n  SAD;  t he se  

migh t  i nc lude  dys f unc t i on  i n  p r e f ron t a l l y  med ia t ed  emo t iona l  

r egu l a t i on  (Had j i khan i  e t  a l . ,  2006 ) ,  t empora l  co r t ex  med ia t ed  

f ac i a l  pe r cep t i on  (Fa r row  e t  a l . ,  2011 )  o r  o the r s ’  s t a t e  o f  m ind  

(Ba i rd  e t  a l . ,  2006 ) .  

S e c o n d ,  t h e  f i n d i n g  o f  d e c r e a s e d  a m y g d a l a  v o l u m e  s u p p o r t s  t h e  

no t i on  t ha t  neu rona l  a t r ophy  may  con t r i bu t e  t o  va r i ous  mood  

and  anx i e ty  d i so rde r s ,  i nc lud ing  SAD (Rempe lC lower  e t  a l . ,  

2007 ) .  I nc r ea sed  amygda l a r  vo lumes  have  been  a s soc i a t ed  w i th  

l a rge  and  complex  soc i a l  ne tworks  (Had j i khan i  e t  a l . ,  2006 ) ,  i t  

t h e r e f o r e  s t ands  t o  r e a son  t ha t  a  dec r ea se  i n  amygda l a r  vo lume  

in  peop l e  w i t h  soc i a l  anx i e ty  d i so rde r ,  may  r e f l e c t  t he  i nve r se .   
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S e v e r a l  l i m i t a t i o n s  s h o u l d ,  h o w e v e r ,  b e  e m p h a s i z e d .   I n  

pa r t i cu l a r ,  t h e  da t a  he r e  a r e  co r r e l a t i ona l  i n  na tu r e ,  and  so  any  

d i s cus s ion  o f  unde r ly ing  causa l  mechan i sms  i s  con j ec tu r a l .   I t  

i s  pos s ib l e ,  f o r  e xamp le ,  t ha t  some  co r t i c a l  and  subco r t i c a l  

changes  i n  SAD re f l e c t  compensa to ry ,  r a t he r  t han  o r i g ina t i ng ,  

changes .    The  f ac t  t ha t  t he r e  we re  no  s i gn i f i c an t  a s soc i a t i ons  

he r e  be tween  symp tom seve r i t y  and  s t r uc tu r a l  f i nd ings  does  no t  

s t r e n g t h e n  a  c a u s a l  h y p o the s i s .   On  t he  o the r  hand ,  t h i s  f i nd ing  

may  s imp ly  r e f l e c t  a  t ype  I I  e r ro r ,  and  t he  r e l a t i ve ly  l ow  

s a m p l e  s i z e  s t u d i e d  h e r e  d e s e r v e s  e m p h a s i s .    I t  mus t  a l so  be  

no t ed  t ha t  va r i ous  o the r  p sychosoc i a l  f a c to r s  may  p l ay  a  

con f ound ing  ro l e  i n  t he  f i nd ings  such  a s  d i f f e r ences  i n  

s o c i o e c o n o m i c  s t a t u s ,  a n d  l e v e l  o f  e d u c a t i o n .  

D e s p i t e  t h e s e  l i m i t a t i o n s ,  t h e  d a t a  h e r e  a r e  c o n s i s t e n t  w i t h  m o s t  

p r ev ious  work  on  SAD,  and  ex t end  t ha t  work  by  f i nd ing  

r educ t i ons  i n  co r t i c a l  t h i cknes s  and  i n  amygda l a  vo lume .   

F u r t h e r  w o r k  w i t h  l a r g e r  s a m p l e s  i s  n e e d e d  i n  o r d e r  t o  h a v e  

s u f f i c i e n t  s t a t i s t i c a l  p o w e r  t o  i n v e s t i g a t e  r e l a t i o n s h i p s  b e t w e e n  

c l i n i ca l  phenomeno logy  ( eg  gene ra l i z ed  v s  non -gene ra l i z ed )  and  

s t r u c t u r a l  b r a i n  f i n d i n g s .   I t  w o u l d  a l s o  b e  u s e f u l  t o  a s s e s s  t h e  

r e l a t i onsh ip  be tween  pa r t i cu l a r  gene t i c  and  env i ronmen ta l  

va r i ab l e s  and  s t r uc tu r a l  measu re s ,  i n  o rde r  t o  add re s s  t he  causa l  

p roce s se s  a t  p l ay .  
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Chapter  4  
 

Conclus ion  
 

 S o c i a l  a n x i e t y  d i s o r d e r  i s  o n e  o f  t h e  m o s t  p r e v a l e n t  (Kessler et al., 

2005) d i so rde r s  a f f ec t i ng  a lmos t  13% o f  t he  gene ra l  popu l a t i on  

(Ruscio et al., 2008).  P e o p l e  s u f f e r i n g  f r o m  S A D  m a y  e x h i b i t  a  w i d e  

r ange  o f  p sychosoc i a l  impa i rmen t  (Simon et al., 2002) r ang ing  f rom 

f i nanc i a l  r u in  becaus e  o f  no t  be ing  ab l e  t o  f unc t i on  a t  w o r k ,  t o  

becoming  r ec lu s ive  (Diagnostic and Statistical Manual of Mental Disorders, 

Fourth Edition, Text Revision (DSM-IV-TR), 2000).   

S e v e r a l  s t u d i e s  h a v e  f o u n d  p o s s i b l e  g e n e t i c  c o n t r i b u t o r s  t o  t h e  

pa thogenes i s  o f  SAD (Gelernter et al., 2004; Lochner et al., 2007; Ogliari et 

al., 2006),  bu t  no  s i ng l e  gene  f ac to r  appea r s  t o  be  r e spons ib l e .  

Ra the r ,  s eve r a l  gene t i c  va r i a t i ons  may  con t r i bu t e  t o  i t s  

pa thogenes i s .  Neu ro t r ansmi t t e r  sy s t ems  t ha t  may  be  

i n s t rumen ta l  i n  t he  exp re s s ion  o f  SAD seem to  i nvo lve  t he  

dopamine rg i c  sy s t em (Tiihonen et al., 1997),  s e ro tone rg i c  sy s t em 

(Lanzenberger et al., 2007) and  t he  g lu t ama te rg i c  sy s t em (Phan et al., 

2005).  Work  on  an ima l  and  human  mode l s  o f  anx i e ty  and  i t s  

co r r e spond ing  neu roana tomy  (Davis, 1992; J. LeDoux, 2003) have  

i den t i f i ed  some  o f  i t s  neu ra l  s i gna tu r e .   

F u n c t i o n a l  n e u r o i m a g i n g  w o r k  h a s  a t t e m p t e d  t o  f u r t h e r  d e f i n e  

t h i s  body  o f  work  i n  anx i e ty ,  and  app ly  i t  t o  soc i a l  anx i e ty  

d i so rde r  (Etkin & T. D. Wager, 2007; Freitas-Ferrari et al., 2010).  Few  

s t r u c t u r a l  s t u d i e s  h a v e  b e e n  c o n d u c t e d  t o  i n v e s t i g a t e  t h e  
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co r t i c a l  and  wh i t e  ma t t e r  con t r i bu to r s  t o  t he  pa thogenes i s  o f  

S A D .   

M a n y  ques t i ons  r ema in  abou t  soc i a l  anx i e ty ,  i nc lud ing  w h a t  

s t r u c t u r a l  c h a n g e s  i n  t h e  c e r e b r a l  c o r t e x  a n d  s u b c o r t i c a l  g r a y  

ma t t e r  con t r i bu t e  t o  t he  pa thogenes i s  o f  SAD.  In  t h i s  t he s i s ,  I  

a t t emp ted  t o  a t t enua t e  t h i s  gap  by :  1 )  ga the r i ng  a  g r ea t e r  

pe r spec t i ve  o f  t he  cu r r en t  cons t e l l a t i on  o f  f unc t i ona l  

neu ro imag ing  work  i n  SAD,  by  ex t r ac t i ng  ac t i va t i on  

coo rd ina t e s  and  conduc t i ng  an  ac t i va t i on  l i ke l i hood -e s t ima t e  

me ta - ana ly s i s ,  and  2 )  t o  conduc t  an  ana ly s i s  on  va r i a t i ons  i n  

co r t i c a l  t h i cknes s  i n  peop l e  w i th  SAD ve r su s  h e a l t h y  c o n t r o l s .   

The  ma in  f i nd ings  o f  my  ALE me ta - ana ly s i s  we re  i nc r ea sed  

ac t i va t i on  i n  t he  r i gh t  head  o f  t he  cauda t e  nuc l eus ,  r i gh t  

c l au s t rum,  t he  l e f t  pa r ah ippocampa l  gy rus  and  amygda l a ,  r i gh t  

g lobus  pa l l i dus ,  l e f t  cuneus ,  r i gh t  pu t amen ,  r i gh t  i n su l a  and  t he  

l e f t  pos t e r i o r  l obe  o f  t he  ce r ebe l l um.  These  a r ea s  w e r e  a l l  

s i g n i f i c a n t l y  m o r e  a c t i v e  i n  t h e  p a t i e n t  t h a n  t h e  c o n t r o l  g r o u p s  

ac ro s s  t he  pa r ad igms  i nc luded  i n  t he  me ta - ana ly s i s .  The  

imp l i ca t i ons  o f  t he  r e su l t s  o f  t he  ALE me ta - ana ly s i s  a r e  t ha t  

t he se  f i nd ings  a r e  cons i s t en t  w i th  t he  an ima l  l i t e r a tu r e  on  f ea r  

neu roc i r cu i t r y (Davis, 1992; J. E. LeDoux, 1993),  and  w i th  p r ev ious  

s y s t e m a t i c  r e v i e w s  a n d  m e t a - ana ly se s  (Etkin & T. D. Wager, 2007; 

Freitas-Ferrari et al., 2010; Phan et al., 2002) i n  SAD .   
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In  pa r t i cu l a r  t he  f i nd ing  t ha t  t he  i n su l a (Amir et al., 2005; Gentili et al., 

2008; Straube et al., 2004) and  s t r i a t um (F R Schneier et al., 2000; Tiihonen et 

al., 1997; Warwick et al., 2008) a r e  cons i s t en t l y  imp l i ca t ed  ac ro s s  

s e v e r a l  f u n c t i o n a l  b r a i n  i m a g i n g  s t u d i e s  i n  S A D(Freitas-Ferrari et 

al., 2010),  r e i n f o r ce s  t he i r  l i ke ly  i nvo lvemen t  i n  t he  pa thogenes i s  

o f  anx i e ty  d i so rde r s  and  SAD spec i f i c a l l y .   

The  ma in  r e su l t s  o f  t he  co r t i c a l  t h i cknes s  and  subco r t i c a l  

vo lume t r i c  ana ly s i s  we re  t ha t  a r ea s  o f  s i gn i f i c an t l y  dec r ea sed  

co r t i c a l  t h i cknes s  we re  f ound  i n  t he  1 )  l e f t  supe r io r  t empora l  

gy rus ;  2 )  r i gh t  amygda l a ;  3 )  r i gh t  and  l e f t  med i a l  o rb i t o f ron t a l  

co r t ex ;  4 )  l e f t  l a t e r a l  o rb i t o f ron t a l  co r t ex ;  5 )  l e f t  and  r i gh t  

s u p e r i o r  f r o n t a l  g y r u s ;  6 )  r i g h t  p a r s  o p e r c u l a r i s ;  6 )  r i g h t  

i n f e r i o r  f r on t a l  gy rus ;  7 )  r i gh t  i n f e r i o r  pa r i e t a l  l obu l e ;  8 )  l e f t  

and  r i gh t  f u s i f o rm  gy rus ;  9 )  r i gh t  i n f e r i o r  t empora l  gy rus ;  10 )  

r i gh t  m idd l e  f r on t a l  gy rus ;  11 )  r i gh t  t ha l amus ;  12 )  l e f t  and  

r i gh t  i n su l a .  The re  we re  no  s i gn i f i c an t  co r r e l a t i ons  be tween  

s y m p t o m  seve r i t y  and  s t r uc tu r a l  f i nd ings .  

The  i n su l a  i s  l i ke ly  i nvo lved  w i t h  i n t e r o c e p t i o n :  t h e  

r ep r e sen t a t i on  o f  t he  body ’ s  i n t e rna l  s t a t e  (C ra ig ,  2002 ,  2009 ) ,  

w h i l e  t h e  s t r i a t u m  i s  i n v o l v e d  i n  s t i m u l u s  b o u n d  b e h a v i o r  

(Grahn et al., 2008).  O n e  c a n  t h e r e f o r e  a r g u e  t h a t  h y p e r e x c i t a b i l i t y  

o f  t he  s t r i a t um r e su l t s  i n  he igh t ened  s ens i t i v i t y  t owards  

s t i m u l i  a n d  h y p e r a c t i v a t i o n  o f  t h e  i n s u l a  e q u a l l y  s u g g e s t s  a  

hype r sens i t i v i t y  t o  i n t e rocep t i ve  cues .  Peop l e  w i th  SAD may  
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t he r e f o r e  be  hype r sens i t i ve  t o  how they  a r e  pe r ce ived ,  because  

t hey  a r e  so  acu t e ly  aware  o f  how they  pe r ce ive  t hemse lve s ,  

t he r e f o r e  t he  f ea r  o f  emba r r a s smen t  i n  soc i a l  and  pe r f o rmance  

s i t u a t i o n s .   

The  imp l i ca t i ons  o f  t he  co r t i c a l  t h i cknes s  ana ly s i s  a r e  f i r s t l y ,  

t ha t  dec r ea sed  co r t i c a l  t h i cknes s  i n  s eve ra l  d i f f e r en t  r eg ions  

s u g g e s t s  t h a t  a  n u m b e r  o f  a d d i t i o n a l  c o g n i t i v e - a f f ec t i ve  

p roce s se s  may  be  impa i r ed  i n  SAD;  t he se  migh t  i nc lude  

dys f unc t i on  i n  p r e f ron t a l l y  med i a t ed  emo t iona l  r egu l a t i on  

(Had j i khan i  e t  a l . ,  2006 ) ,  t empora l  co r t ex  med ia t ed  f ac i a l  

pe r cep t i on  (Fa r row  e t  a l . ,  2011 )  o r  o the r s ’  s t a t e  o f  m ind  (Ba i rd  

e t  a l . ,  2006 ) .   S e c o n d ly ,  t he  f i nd ing  o f  dec r ea sed  amygda l a  

vo lume  suppo r t s  t he  no t i on  t ha t  neu rona l  a t r ophy  may  

con t r i bu t e  t o  va r i ous  mood  and  anx i e ty  d i s o r d e r s ,  i n c l u d i n g  

S A D  (Rempe lC lower  e t  a l . ,  2007 ) .  I nc r ea sed  amygda l a r  vo lumes  

have  been  a s soc i a t ed  w i th  l a rge  and  complex  soc i a l  ne tworks  

(Had j i khan i  e t  a l . ,  2006 ) ,  i t  t h e r e f o r e  s t ands  t o  r e a son  t ha t  a  

dec r ea se  i n  amygda l a r  vo lume  i n  peop l e  w i th  soc i a l  anx i e ty  

d i so rde r ,  may  r e f l e c t  t he  i nve r se .   

O n e  p a r t i c u l a r l y  i n t e r e s t i n g  f i n d i n g  i s  t h e  h y p e r a c t i v a t i o n  o f  

t he  l e f t  amygda l a  f ound  i n  t he  ALE me ta - ana ly s i s ,  and  t he  

dec r ea sed  vo lume  i n  t he  r i gh t  amygda l a  i n  peop l e  w i th  SAD 

f ound  i n  t he  vo lume t r i c  ana ly s i s .  V o lume  o f  s ubco r t i c a l  g r ay  

ma t t e r  s t r uc tu r e s ,  a s  w e l l  a s  t h e  t h i c k n e s s  o f  t h e  c e r e b r a l  c o r t e x  
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a r e  bo th  i nd i ca to r s  o f  neu rona l  i n t eg r i t y .  P a t h o l o g i c a l  c h a n g e s  

i n  t he  b r a in  t yp i ca l l y  man i f e s t s  a s  a  l o s s  o f  b r a in  t i s sue  (Takao et 

al., 2010).  Co r t i c a l  t h inn ing  i s  o f t en  r eg ion  spec i f i c  and  t he  

p rog re s s  o f  t he  a t rophy  can  consequen t l y  r evea l  a  g r ea t  dea l  

abou t  t he  evo lu t i on  and  ae t i o log i ca l  f a c to r s  o f  a  d i s ea se  p roce s s  

(B Fischl & Dale, 2000).  I t  c an  be  hypo the s i zed  t ha t  a  l a ck  o f  ou tpu t  

f r om the  r i gh t  amygda l a  t o  t he  r i gh t  f r on t a l  l obe  con t r i bu t ed  t o  

t he  l o s s  o f  co r t i c a l  t h i cknes s  i n  ( a lmos t )  t he  en t i r e  r i gh t  f r on t a l  

l obe  a s  d i s cus sed  ea r l i e r .  I t  makes  s ense  t he r e f o r e  t o  have  

d i s cove red  i nc r ea sed  ac t i v i t y  i n  t he  l e f t  amygda l a  on ly ,  by  

means  o f  t he  ALE,  and  p r ev ious  work  done  i n  f unc t i ona l  

neu ro imag ing  i n  SAD.  I t  w i l l  b e  u se f u l  i f  t he  wh i t e  ma t t e r  

connec t i v i t y  i s  a s s e s sed  i n  t he  con t ex t  o f  a  f unc t i ona l  MRI  

pa r ad igm and  t hen  co r r e l a t ed  w i th  co r t i c a l  and  subco r t i c a l  

t h i cknes s  and  dens i t y  measu re s  t o  ga in  a  more  i n t eg ra t ed  

pe r spec t i ve  o f  wha t  t h i s  f i nd ing  migh t  mean .  

S e v e r a l  l i m i t a t i o n s  m u s t  b e  n o t e d  h o w e v e r  as  p r e v i o u s l y  

d i s cus sed .  L imi t a t i ons  app ly ing  t o  t he  ALE me ta - ana ly s i s  a r e  

t ha t  t he r e  a r e  r e l a t i ve ly  f ew  s tud i e s  i nc luded  i n  t h i s  me t a -

ana ly s i s .  The  e s t ima t i on  p rov ided  by  t he  r e su l t s  o f  t he  ana ly s i s  

may  no t  be  an  exac t  e s t ima t i on  o f  t he  f unc t i ona l  neu roana tomy  

invo lved  i n  SAD.  I t  mus t  a l so  be  no t ed  t ha t  t he  f unc t i ona l  

pa r ad igms  i n  e ach  o f  t he se  s t ud i e s  u sed  t o  e l i c i t  emo t iona l  

r e sponse s  f r om the  sub j ec t s ,  we re  he t e rogeneous .   
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A l t h o u g h  t h e y  w e r e  i n  t h e  s a m e  b r o a d  c a t e g o r y ,  t h e  t a s k -

s p e c i f i c  d i f f e r e n c e s  b e t w e e n  t h e m  m i g h t  a c c o u n t  f o r  

he t e rogene i t y  o f  t he  ALE map  o f  b r a in  ac t i va t i on  t ha t  was  no t  

d i r ec t l y  due  t o  t he  spec i f i c  neu ropa tho logy  o f  SAD.  Th i rd ly ,  we  

w e r e  u n a b l e  t o  c o n t r o l  f o r  a  r a n g e  o f  v a r i a b l e s  s u c h  a s  s o c i o-

demograph i c  cha r ac t e r i s t i c s  l i ke  age ,  gende r ,  IQ  and  

neu rogene t i c  va r i ab l e s  such  a s  d i f f e r ences  i n  geno typ ing  o f  

i n t eg ra l  c and ida t e  genes  i n  t he  s canned  sub j ec t s .  L imi t a t i ons  

pe r t a i n ing  t o  t he  co r t i c a l  t h i cknes s  ana ly s i s  a r e  t ha t  t he  da t a  

he r e  a r e  co r r e l a t i ona l  i n  na tu r e ,  and  so  any  d i s cus s ion  o f  

unde r ly ing  causa l  mechan i sms  i s  con j ec tu r a l .   I t  i s  p o s s ib l e ,  f o r  

example ,  t ha t  some  co r t i c a l  and  subco r t i c a l  changes  i n  SAD 

re f l e c t  compensa to ry ,  r a t he r  t han  o r i g ina t i ng ,  changes .    The  

f ac t  t ha t  t he r e  w e re  no  s i gn i f i c an t  a s s oc i a t i ons  he r e  be tw een  

s y m p t o m  s e v e r i t y  a n d  s t r u c t u r a l  f i n d i n g s  does  no t  s t r eng then  a  

c ausa l  hypo the s i s .   On  t he  o the r  hand ,  t h i s  f i nd ing  may  s imp ly  

r e f l e c t  a  t ype  I I  e r ro r ,  and  t he  r e l a t i ve ly  l ow  samp le  s i z e  

s t u d i e d  h e r e  d e s e r v e s  e m p h a s i s .  

P o s s i b l e  f u t u r e  d i r e c t i o n s  f o r  r e s e a r c h  i n  t h i s  a r e a :  1 )  I t  wou ld  

be  pa r t i cu l a r ly  u se f u l  i f  d i f f e r en t  r e s ea r ch  cen t e r s  u sed  s im i l a r  

even t  r e l a t ed  pa r ad igms  t o  e l i c i t  emo t iona l  r e sponse s  f rom 

s u b j e c t s  w i t h  S A D  i n  o r d e r  t o  b o l s t e r  i n t e r s t u d y  c o n c o r d a n c e .  

Th i s  wou ld  a l l ow  f o r  more  ca r e f u l  ana ly se s  o f  soc io -

demograph i c  va r i ab l e s .  2 )  F u r t he r  work  w i th  l a rge r  s amp le s  i s  
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needed  i n  o rde r  t o  have  su f f i c i en t  s t a t i s t i c a l  power  t o  

i nves t i ga t e  r e l a t i onsh ip s  be tween  c l i n i ca l  phenomeno logy  ( eg  

gene ra l i z ed  v s  non -gene ra l i z ed )  and  s t r uc tu r a l  b r a in  f i nd ings .   

Th i rd ,  I t  wou ld  a l so  be  u se f u l  t o  a s s e s s  t he  r e l a t i onsh ip  

be tween  pa r t i cu l a r  gene t i c  and  env i ronmen ta l  va r i ab l e s  and  

s t r u c t u r a l  m e a s u r e s ,  i n  o rde r  t o  add re s s  t he  causa l  p roce s se s  a t  

p l ay .  

S i n c e  t h e  a d v e n t  o f  m o d e r n  n e u r o s c i e n c e  a n d  i t s  i n t e g r a t i o n  

w i t h  p s y c h i a t r y  –  i t  b ecame  appa ren t ,  t ha t  human  behav io r  i s  

g rounded  i n  ou r  neu rob io logy .  I t  was  a lways  su spec t ed  a s  t hus  

f rom the  days  o f  D es ca r t e s  and  t he  p inea l  g l and ,  bu t  neve r  

be f o r e  ha s  i t  b ecome  so  r e sound ing ly  appa ren t .   

We  the r e f o r e  r equ i r e  a  more  de t a i l ed  g loba l  p i c tu r e  o f  soc i a l  

anx i e ty  d i so rde r  t o  r e ach  any  conc lu s ions  r ega rd ing  i t s  

pa thogenes i s .  The  i n t eg r i t y  o f  wh i t e  ma t t e r  connec t i v i t y  mus t  

be  a s se s sed ,  a l ong  w i th  t he  chemica l  compos i t i on  o f  key  b r a in  

r eg ions  t o  p rov ide  more  nove l  i n f o rma t ion  on  t he  pa thogenes i s  

o f  t h i s  d i so rde r .  New in s igh t s  combined  w i th  ex i s t i ng  

knowledge  may  l e ad  t o  t he  b r eak th rough  t ha t  w i l l  improve  t he  

qua l i t y  o f  l i f e  f o r  l i t e r a l l y  hund reds  o f  t housands  o f  peop l e .  
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