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H E A L T H  A N D  S T R E S S 

Distinguishing The Difference Between Treating A Disease And A Description
What we refer to as "essential" or "primary" hypertension is generally viewed and often
treated as if it were a distinct disease.  However, it is merely the observation of consistent
blood pressure measurements that exceed arbitrary values for which there is no obvious
explanation.  Like fever, hypertension is really a description rather than a diagnosis.  As with
an elevated temperature, it may have many varied causes that require very different
treatments.  This helps to explain why so many diverse and seemingly discrepant drugs and
other antihypertensive therapies are available.  The cause of fever can usually be determined
so that proper specific treatment can be reasonably expected to be effective.

Therefore, while antipyretic drugs like aspirin or sponge baths can lower an elevated
temperature, the goal is not to treat the fever but its cause.  Large doses of prednisone might
be appropriate for a fever of 103º caused by lupus.  However, if the identical elevated
temperature was due to tuberculosis, administering the same dose of prednisone could be 

dangerous or lethal.  We don't have the same degree
of confidence as to which drug will work best in a
patient with an elevated blood pressure because of
uncertainty about what is causing the problem.  Some
drugs do tend to be more or less effective in specific
demographic groups.  Renin level measurements may
also be helpful but there is no algorithm or template
to follow that will guarantee optimal treatment for any
given patient

As a consequence, therapy is often a hit or miss trial
and error exercise or a buckshot approach consisting
of a combination of drugs designed to lower an
elevated blood pressure irrespective of its cause.  This
is quite understandable since unlike fever, which is 
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u s u a l l y  s e l f  l i m i te d  a n d  c a n  a c t u a l l y  b e  b en e f i c i a l  in  s o m e  s i tu a t i o n s ;  es s e n ti a l 
h y pe r t e n s i o n  i s  a  c h r o n i c  c o n d i t io n  t h a t  c an  c a u s e  s tr o k e  a n d  o t h e r  c o m p li c a t io n s  if  n o t
c o r r e c t ed .   Th e  d o w n s i de  i s  t h a t  a l t h o u g h  s o m e  a n ti h y p er t e n s i v e  dr u g s  a r e  ef f e c ti v e  in 
l o we r i n g b l o o d  p r es s u r e t h e y c a n  c a u s e o t h er  p r o b l e m s ,  e s pe c i a ll y  w it h  l o n g - t er m  u s e . 
S i m i l a r ly ,  t h e  i n gr e d i en t s  in  s o m e  c o m b i n a ti o n  pr o d u c t s  i n  a d d it i o n  t o  p r o v i d in g  n o  b e n ef i t 
c a n  h a v e s e r io u s  s i d e  ef f e c ts .   Ot h e r  " o n e  s i z e  f i t s  a l l "  b l an k e t  r e c o m m e n d at i o n s  c a n  a l s o 
b a c k f i r e.   O n e  o f  t h e  fi r s t  t h i n gs  a l l h y pe r t e n s i v e s  a r e  a d v i s e d  i s  t o  av o i d  s a l t , d a i r y 
p r o d u c t s  a n d  o t h e r  f o o ds  w i th  a  h i g h  s o d i u m  c o n te n t .   Ho w ev e r ,  s o d i u m  r e s t r i c ti o n  h a s 
l i tt l e  o r  n o  e f f e c t  i n  m o s t  p a t i en t s  an d  a  s u b s et  t h at  i m pr o v e  w i t h  c a l c iu m  s u p p l e m e n t a ti o n 
c o u l d  s u f f e r  b e c a u s e  m il k  a n d  c h ee s e s  a r e  al s o  a m a j o r  s o u r c e  o f  c a lc i u m .  Th es e  v ar i o u s 
d i s c r e p an c i e s  i l l u s t r a te  t h e d i f fi c u l ti e s  in  e v al u a t in g  s tu d i e s  t h a t p u r po r t  to  s h o w  a  s p e c i fi c 
c a u s e  o f h y p er t e n s i o n ,  o r  t h e  b e n e f i t s  o f  s o m e  th e r a pe u t i c  i n t er v e n ti o n . 

T h is  i s  a  p a r t i c u la r  p r o b l e m  w h e n  c o n s i d e r in g  t h e  r o le  o f  " s t r es s "  wh i c h  a l s o  h a s  m u l t i pl e 
c a u s e s  as  w e ll  a s  v a r i ed  s y m p t o m s  a n d  s i g n s .   Th e  d i le m m a  d e e p en s  w h e n  a tt e m p ti n g  to 
a s s e s s  wh e t h er  t h e r e s u l t s  o f  a n im a l  s t u d i es  d e s i g n e d t o  de l i n ea t e  th e  r o l e  o f s t r es s  i n 
e x pe r i m en t a l ly  i n du c e d  h y p e r t e n s io n  a pp l y  to  e s s e n t i al  h y pe r t e n s i o n  i n  h u m a n s .  I n  s o m e 
i n s t a n c es ,  t h e r e  m a y  b e d i f fi c u l ti e s  in  e x tr a p o la t i n g r e s u l t s  in  r o de n t s  b e c a u s e  o f g e n et i c 
d i ff e r e n c e s  in  v a r i o u s  s t r a in s  t h a t  h av e  b ee n  b r e d  t o  b e  s a l t  s e n s i ti v e  o r  d e ve l o p 
s p o n t a n eo u s  h y p e r te n s i o n .   Wh i l e  b l o o d p r e s s u r e  r e s p o n s e s  t o  a c u t e  an d  s ev e r e  s t r e s s  a r e
c o m p a r a bl e  a n d  i t  i s  p o s s i b le  t o  p r o d u c e  p ai n  a n d  f r u s t r a ti o n  in  a n im a l s , i t  is  d i ff i c u lt  t o 
d u pl i c a te  d e pr e s s io n ,  h o s t i li t y ,  T y p e  A  t r ai t s  an d  o th e r  s t r e s s f u l  s t a t e s  a n d  b e h a vi o r s  t h a t 
a r e m o r e c o m m o n  i n  p e o pl e  a n d  m a y b e  r e l e v an t . 

D e s p i t e  t h e s e d r a wb a c k s ,  a n im a l  s t u d i es  h a ve  c o n t r i b u t e d  en o r m o u s l y  t o  o u r 
u n de r s t an d i n g o f  th e  r o l e  o f s t r es s  i n  c a r di o v a s c u l a r  a n d  o t h e r  d i s ea s e s .  D u r i n g  th e  e ar l y 
p a r t  o f  t h e  la s t  c e n t u r y ,  W al t e r  C a n n o n  d e s c r i b ed  t h e " f i gh t  o r  " f l ig h t  r e a c t io n s  in  d o gs 
s u bj e c t ed  t o  s u d d en  a n d s e v er e  s tr e s s .  Th es e  a u t o m a ti c  a n d  i m m e d i a te  s y m p a t h ic o - 
a d r e n a l  m e du l l a r y  r e s p o n s es  h a ve  b e en  e x qu i s i te l y  h o n e d  o v e r  t h e  le n g t h y  c o u r s e  o f 
h u m a n  e vo l u t io n  a s  l i f e s a v in g  m ea s u r es  f o r  o u r  p r i m it i v e  a n c e s t o r s  b u t  ar e  n o  l o n ge r 
a p pr o p r ia t e  fo r  m o d e r n  m a n .   Se v er a l  de c a d es  l a te r ,  Ha n s  S e ly e ,  wh o  c o i n e d  t h e  te r m 
s t r e s s  as  i t  i s  c u r r e n tl y  u s e d ,  de m o n s t r a t ed  t h at  i n te n s e  s t r e s s  c o u l d  c au s e  pa t h o lo g i c 
c h an g e s  i n  r at s  s im i l a r  t o  th o s e  s e e n  i n  p at i e n ts  w i th  g a s t r i c  u l c e r a t io n s ,  n e ph r o s c l e r o s i s , 
m y o c a r d ia l  i n f a r c ti o n ,  r h e u m a t o i d a r t h r i t i s  a n d  o t h e r  c o n di t i o n s  t h at  h e  v i e w ed  a s 
" D is e a s es  o f  A d a p ta t i o n " .   He  a l s o  s h o w e d  in  h i s  " A l ar m  R ea c t i o n "  h o w  t h is  w a s  m e d ia t e d 
b y  s t i m u l a t i o n  o f  t h e  h y p o t h a l a m ic - p i tu i t a r y - a d r e n o c o r t i c al  a x is  a s  o p p o s e d  t o  t h e 
m e c h a n i s m s  p r o p o s ed  b y  C a n n o n .   Ma n y  o f  t h es e  e xp e r i m e n t s  c o u l d n o t  b e  c o n d u c te d 
t o da y  s in c e  th e y  bo r d e r e d  o n  t o r tu r e .   Th u s ,  d e s p i t e  S e ly e ' s  a b i l it y  t o  p r o du c e  pa t h o lo g y 
t h at  m i m i c k e d h u m an  d i s e a s e s ,  t h e c l i n i c a l  r e l e va n c e  o f  s u c h  s tu d i e s  h a s  b e e n  q u e s ti o n e d. 

M o r e  p e r t i n e n t  a d va n c e s  s t e m  f r o m  t h e  r e s e ar c h  o f  J i m  H e n r y ,  w h o  d e li n e a te d  t h e 
a g gr e s s iv e  d ef e n s e a n d  p a s s iv e  d ef e a t  r e a c ti o n s  t o  p s y c h o s o c i a l s t r es s  a n d  t h ei r 
a s s o c i a te d  a c t i v a ti o n  o f  s y m p a t h et i c - ad r e n al  m e du l l a r y  o r  p i t u it a r y - a d r e n o c o r t i c al 
a c ti v i t ie s  a n d  o t h e r  e n d o c r in e  r es p o n s e s .   Ji m ' s  r a t  s t u d ie s  s ti m u l at e d  o t h e r  l e a d in g 
i n ve s t i ga t o r s  i n c lu d i n g B j ö r n  F o lk o w ,  C h a i r m a n  o f  t h e D e p ar t m e n t  o f  P h y s io l o g y a t  th e 
U n iv e r s it y  o f G ö te b o r g a n d  t h e  r e c i p ie n t  o f  n u m e r o u s  a w a r d s  a n d  h o n o r s  fo r  h is 
c o n t r i b u t i o n s  t o  o u r  u n d e r s ta n d i n g  o f  t h e  pa t h o ge n e s is  o f  h y p e r t e n s io n .   B j ö r n ' s 
e x pl o r a ti o n  o f  t h e c h a r a c t e r i s t i c  " u p wa r d  s t r u c tu r a l  r e s e tt i n g " o f  s y s t e m i c  r es i s t an c e  th a t 
o c c u r s  in  p r im a r y  h y p e r t e n s io n  h ad  s u gg e s t ed  t h at  t h is  w a s  o f t en  i n it i a t ed  b y  t h e 
n e u r o h o r m o n a l r e s po n s e s  t o  ps y c h o s o c i al  s t r e s s  th a t  Ji m  H en r y  de s c r ib e d  in  h i s  d e f en s e 
r e ac t i o n .   B j ö r n  w as  o u r  1 9 8 9  H a n s  S e ly e  A wa r d  r e c i p ie n t  an d  J im  w a s  o u r  h o n o r e e  i n 
1 9 9 1 .   Th e i r  c l o s e f r i en d s h ip  d a te s  b ac k  t o  t h e  e a r l y 6 0 ' s  a n d  J i m  vi s i t ed  a n d s t a ye d  w it h 
t h e F o lk o w s  s o  f r e q u e n t l y  th a t  B j ö r n  d es c r i be d  h im  t o  m e  a s  o u r  c h i l dr e n ' s  " F a vo u r i te 
U n c l e " .   O n  o n e  o f t h e s e  v i s i t s ,  h e  i n t r o d u c e d  Ji m  t o  a n o th e r  o l d  f r i e n d  a n d  G ö te b o r g
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c o ll e a g u e ,  P er  B j ö r n t o r p .   Th e y  al s o  h a d  m u c h  i n  c o m m o n  s in c e  B j ö r n t o r p ' s  s u p e r b s t u di e s 
h a d s h o wn  h o w a b d o m i n a l o b e s i t y ,  i n s u li n  r es i s t an c e ,  l i p i d d i s tu r b a n c e s  an d  o th e r 
m a n i f e s ta t i o n s  o f  m e t a bo l i c  s y n d r o m e  we r e  du e  t o  s t r es s - r el a t e d i n c r e a s e s  i n 
g l u c o c o r t i c o id  s e c r e t i o n  t h at  w e r e  r e m i n i s c e n t  o f  H e n r y ' s  d e f e at  r e s p o n s e.   Bo t h  B j ö r n  a n d 
P e r  w e r e f a s c i n a t ed  b y  J i m ' s  " m o u s e - c it y "  ex p e r im e n t s  a n d  t h e  r e l e v an c e  o f  r o de n t 
r e s p o n s es  t o  p s y c h o s o c ia l  s tr e s s  t o  t h e i r  o w n  r es e a r c h .   It  b e c a m e  in c r e as i n g ly  a p pa r e n t
t h at  t h er e  w er e  s ev e r a l l i n ks  i n c l u d i n g  s h ar e d  fe a t u r e s  b et w e e n  e s s en t i a l h y p er t e n s i o n  an d 
m e ta b o l ic  s y n d r o m e.   I n  a  l an d m a r k  p a pe r ,  th e y  po s t u la t e d  t h a t  s u c h  s i m i la r i t ie s  w er e  d u e 
t o  t h e  fa c t  th a t  bo t h  th e s e  " d i s o r d e r s  o f  c i v i l iz a t i o n "  h ad  a  "c l o s el y  r el a t e d c e n tr a l  o r i g i n " . 
( 1 )   Th e  s o u r c e f o r  b o t h  a p p e ar e d  to  b e  t h e  ty p e  o f  m e n t a l  o r  p s yc h o s o c i a l  s t r e s s  t h at  J i m 
H e n r y  h ad  f o u n d  c o u l d  el i c i t e i t h e r  a  d e f e n s e  o r  d e f ea t  r ea c t i o n  i n  h i s  r a t  " m i c r o s o c i e t i es " . 

M y  p l a n s  t o  in t e r vi e w  bo t h  Ji m  a n d  P e r  B j ö r n t o r p  w e r e  t h wa r t e d b y  th e i r  u n t i m e l y  pa s s i n g . 
F o r t u n a te l y ,  B j ö r n  F o lk o w ,  a  v e r y  c l o s e  f r i e n d  a n d  c o l l e ag u e  o f  t h es e  o th e r  tw o  g ia n t s  i n 
s t r e s s  r e s e a r c h  h as  k i n d l y  c o n s e n t e d  to  c o m m e n t  o n  t h e i r  c o n t r ib u t i o n s .   I  h a ve  a l s o  a s ke d 
h i m  t o  di s c u s s  h i s  t h o u g h t s  a b o u t t h e  r o l e  o f  s tr e s s  i n  e s s e n t ia l  h yp e r t en s i o n  a n d  t h e 
g r o w i n g  p r o b le m  o f m e t ab o l i c  s y n dr o m e , b o t h  o f  wh i c h  h e  v ie w s  as  i n te r r e la t e d  " d i s ea s e s 
o f  c i v i li z a t io n " . 

AN  I NT E RV IEW  W IT H  B JÖR N F OL K O W ,  M . D . ,  P h. D . 

P J R:   Ma n y  ph y s i c i a n s  t e n d  t o  v ie w  e s s e n t ia l  h yp e r t en s i o n  p r i m a r i l y a s  a p l u m b i n g 
p r o b l e m  d u e  to  i n c r e a s ed  c a r d i a c  o u t p u t  o r  i n c r ea s e d  p e r i ph e r a l r e s is t a n c e  o r  s o m e 
c o m b i n a ti o n  o f  b o th .   Wh a t  c a u s e s  t h e s e  d e r a n g e m e n t s  i s  n o t  c l ea r  b u t  h y pe r t e n s i o n  i s 
o f te n  l in k e d  w i t h  i n s u li n  r es i s t an c e ,  a n d  o t h e r  m a n i fe s t a ti o n s  o f  m et a b o li c  s yn d r o m e .   Yo u 
a n d P e r  B j ö r n t o r p  h a ve  p r o p o s e d t h a t b o t h  e s s en t i a l h y p er t e n s i o n  an d  m et a b o li c  s yn d r o m e 
s h ar e  a  s i m i la r  c en t r a l o r i gi n  a s  s u g ge s t e d b y  an i m a l s t u di e s .   Ho w ev e r ,  I  s u s p e c t  t h a t 
p r o v i n g  t h i s  i n  h u m a n s  w o u l d r e q u i r e  ve r y  lo n g - te r m  s t u d i es .   Wh a t  is  t h e e v i de n c e  t o 
s u pp o r t  t h i s  h y p o th e s i s ? 

B F :   Pr i m a r y  ( e s s e n t ia l )  h y p e r te n s i o n  ( P H )  a n d  t h e  m e t a b o l i c  s y n d r o m e  ( MS )  h av e  m u c h 
i n  c o m m o n  b e c a u s e  t h e i r  m u lt i f a c t o r i al  b a c k g r o u n d s  in c l u de  s e ve r a l  s h a r ed  e l em e n t s .   I n 
b o th  c o n d i t i o n s ,  a p o ly g e n et i c  pr e d i s p o s i ti o n  in t e r ac t s  wi t h  en v i r o n m e n ta l  f ac t o r s  t h a t
o v er l a p .  I n c r e a s ed  i n s u l i n  r e s i s t a n c e,  w h ic h  i s  c o n s i d e r ed  t o  b e  t h e  h a ll m a r k o f  MS  i s 
c o m m o n  in  P H , a n d  c o n v er s e l y,  a n  e l e v at e d  bl o o d  p r e s s u r e  is  f r eq u e n tl y  f o u n d  in  M S .  A
t h ir d  i m p o r t an t  c o m p o n en t  i n  c h r o n i c  h y p e r te n s i o n  i s  t h e  gr a d u al  " u pw a r d  s t r u c t u r a l
s e tt i n g " o r  r e m o d el i n g  o f  b lo o d  ve s s e ls  a n d t h e  h e a r t t h a t r e i n f o r c es  i n te r a c ti o n s  b e t w ee n 
h e r e d i t ar y  a n d  e n vi r o n m e n t a l i n f lu e n c es .   Th i s  s a m e  ph e n o m e n o n  i s  a ls o  s ee n  i n  m e t ab o l i c 
s y n d r o m e.  ( 1 ) 

G e n e s  a lo n e  ar e  h ar d l y  s u f f ic i e n t t o  pr o d u c e  t h e c l i n i c a l  p i c t u r e  o f e i t h e r  P H  o r  M S s i n c e 
t h es e  d is o r d er s  a r e  a l m o s t  ab s e n t i n  h u n t e r - g a t h e r e r  o r  s m a l l  ag r i c u l t u r al  g r o u p s  th a t 
h a ve  r e ta i n e d t h e ir  t r ad i t i o n a l  li f e s ty l e s  f o r  c e n t u r i e s .   I t  is  o n ly  w h en  s u c h  r u r a l  e n c l a v es 
a r e f o r c e d  t o  f o l lo w  t h e  h e c t i c  an d  c o m p e t it i v e  l i f e s t y l e s  o f  m o d e r n  s o c ie t y  th a t  r e l y  o n 
t e c h n o l o g i e s  r a t h er  t h an  p h ys i c a l e x e r c i s e  t h a t  t h e s e l e a di n g  "D i s e as e s  o f  C i vi l i z at i o n " s t a r t 
t o  s u r f ac e .   Fo r  ex a m p le ,  a  r e c e n t  s u r v e y  in  S p ai n  ( 2 )  s h o w e d  th a t  4 5 %  o f p e o pl e  a ge d  3 4 
t o  6 4  w er e  h y pe r t e n s i v e .  Ac tu a l l y,  g e n e t i c  c o n s te l l a ti o n s  p r e d is p o s in g  t o  P H  m a y  ev e n 
e n c o m p a s s  m o s t  p e o p l e  in  p o pu l a t io n s ,  a s  o th e r  s t u d i es  s h o w  t h ei r  p r e s e n c e  i n  s i b l in g s 
w h o  w e r e s t i ll  n o r m o t e n s i v e . ( 3 )   B j ö r n t o r p  a n d c o w o r k e r s  f o u n d  t h at  o v er  a  th i r d  o f  5 1 - 
y e ar - o l d m e n  i n  o u r  h o m e  t o wn  o f  G ö te b o r g h a d  a l l  th e  c ar d i n al  c h ar a c t er i s t ic s  o f
m e ta b o l ic  s y n d r o m e.  ( 1 ,3 , 4 )   Mo r e o v e r ,  i n  t h i s  t h i r d  o f  M S  a f f e c t e d  m e n ,  th e  i n c i d e n c e  o f
m o o d  d i s t u r b an c e s  s u c h  a s  f r u s t r at i o n , a n x ie t y  an d  d ep r e s s i o n  wa s  s u r p r i s i n g l y h i g h .  ( 1 ) 
T h e a d v en t  o f t h e  g e n o m e  p r o j e c t  h a s  ac c e l er a t e d t h e  c u r r en t  t r e n d  to  s e ar c h  fo r  a  s p e c if i c 
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" o n e  a n d o n l y"  g e n e t i c  c a u s e f o r  h u m a n  d i s ea s e .   Ho w ev e r ,  t h e  ab o v e  a n d  o t h e r  s t u d ie s 
t e n d  t o  c o n f ir m  a  p o ly g e n et i c  ba s i s  f o r  bo t h  P H  a n d  MS .   Fr o m  a b i o lo g i c al  p e r s p e c ti v e ,  a 
r i s e  i n  b l o o d p r e s s u r e  a n d  bl o o d  s u g a r ,  e n h a n c e d a l e r t n e s s  a n d  o t h e r  " f i gh t  o r  f l i gh t " 
r e s p o n s es  t o  p h y s ic a l  th r e a ts  w o u l d  h av e  h ad  s u r v i v a l v a l u e  f o r  o u r  p r i m it i v e  a n c e s t o r s .
U n fo r t u n a t e l y,  t h ey  a r e n o w  i n a p pr o p r ia t e  fo r  t h e  m e n t a l  an d  e m o t i o n a l  s tr e s s es  t h at 
m o de r n  m a n  m ay  e n c o u n t er  s e ve r a l  t i m e s  d a i ly  r a th e r  th a n  o n c e  o r  t w ic e  a  m o n t h . 
R e pe a t e dl y  i n v o k e d,  i t  i s  n o t  h a r d  t o  u n d e r s t a n d h o w  t h e y  c o u l d c o n tr i b u te  t o 
h y pe r t e n s i o n , m e t ab o l i c  s y n dr o m e , p e p ti c  u lc e r s  a n d  o t h e r  d i s e as e s  de p e n di n g  o n  t h e
i n te r a c ti o n  be t w e en  g e n e t i c  a n d  en v i r o n m e n ta l  f ac t o r s . 

D o  C o n c lu s i o ns  D e r i v e d  F r om  A n im a l  Ex p e r im e n t s A p p ly  T o  H u m a ns ? 
A s  t o  t h e  a p pl i c a bi l i t y o f  an i m a l e x p er i m e n t s  t o  m a n , o v e r  a  c en t u r y o f  r e s e a r c h  h as 
d e m o n s t r a t e d  t h e i r  a b i li t y  to  e l u c i d a te  t h e m e c h a n i s m s  r e s p o n s ib l e  fo r  n u m e r o u s  c l in i c a l
d i s o r d e r s .   Wh e n  it  c o m e s  t o  m i n d/ b o d y r e l at i o n s h i p s  i t  i s  t r u e t h a t t h e  h u m a n  n e o c o r t ex 
i s  m o r e  a d v a n c e d  th a n  in  o t h e r  a n i m a l s ,  a l th o u g h  d o l ph i n s  d o  c o m e  c lo s e .   Ho w ev e r  th e 
m y r i a d  in v o l u n t a r y a n d  i m m e di a t e  r e s p o n s e s  t o  s tr e s s  o r i g in a t e  i n  t h e  l i m b i c  s y s t e m , 
h y po t h a la m u s  a n d  o t h e r  p a le o c o r t i c a l s t r u c t u r es  t h at  c o m p r i s e w h a t h a s  b e e n  c a l l ed  t h e
" e m o t i o n a l  b r a i n " .  Th is  p h yl o g e n e t i c al l y  an c i e n t  b u t i n t eg r a t ed  s y s t e m  ac t i v at e s 
a u to n o m ic  n e r v o u s  s y s t em  a n d h u m o r a l  p a t h wa y s  th a t  h a v e  be e n  ex q u i s i t e l y h o n ed  o v er 
m i ll i o n s  o f  ye a r s  o f  e vo l u t io n  t o  i n s u r e  s u r v i v al .   Th e s e  r o u t es  a n d r e s po n s e s ,  w h ic h  a r e 
t h e s a m e i n  m a m m a ls  f r o m  m o u s e  t o  m a n , d i f fe r  f r o m  t h o s e  ac t i v at e d  by  n e o c o r t ic a l 
c o gn i t i ve  p r o c e s s es . 

A n  e x c e ll e n t  i l l u s t r a t io n  o f t h i s  r e l ev a n c e c a n  b e  f o u n d  in  t h e s u p er b  s tu d i e s  o f  Ji m  H en r y 
a n d c o w o r k e r s  i n  "m i c r o s o c i e t i es "  o f r o d en t s  s u b j e c t e d  to  p s yc h o s o c i a l  t h r e at s .  ( 4 , 5 )   Th e y 
s h o w e d  h o w  s t im u l i  t h a t  w e r e  d e s i g n e d  to  r a ng e  i n s e v er i t y  f r o m  m e r e  c h a l le n g e s
t o  t h e  c o m p l et e  l os s  o f  c o n tr o l  c o u l d  l e a d  t o  c ar d i o v a s c u la r  a nd  m e ta b o l ic 
c h an g e s  s i m i la r  t o t h o se  s e en  i n  h y p e r t e n s io n  a nd  m e ta b o l ic  s y nd r o m e i n  m a n . 
T h ey  a l s o  d e m o n s t r a t e d  h o w  ge n e t ic  f a c t o r s  i n f l u e n c e d t h e  r e s u lt a n t  p a t h o l o g y .  Th u s , 
s o m e  s t r a i n s  o f  m ic e  e xh i b i te d  i n c r e a s e d  o r  d e c r e a s e d s e n s i t i v it y  t o  d e v el o p i n g 
c a r d i o v as c u l ar  d a m a g e  wh i l e  o t h e r s  w e r e  m o r e  p r ed i s p o s e d  to  g a s t r o i n t e s t in a l 
d i s t u r b an c e s , j u s t a s  th e  r es p o n s e  t o  s t r e s s  v a r i e s  in  h u m a n s . 

C h al l e n ge s  t h a t  r ep r e s en t e d  t h r e at s  t o  c o n tr o l  te n d e d t o  in d u c e a  D ef e n s e R e a c t i o n  t h a t 
w a s  m a i n l y  m an i f e s t e d  by  a c ti v a t io n  o f C a n n o n ' s  s y m p a t h o - a d r en a l  m e du l l a r y  a x is .   Lo s s 
o f  c o n t r o l  r es u l t ed  i n  a  D e fe a t  R e a c t io n  t h a t  e vo k e d  S e ly e ' s  h y p o th a l a m i c - p it u i t ar y - a dr e n a l
c o r t i c a l a x i s  a l o n g  w i th  s i gn s  o f d e p r e s s i o n .   Both the Defense and Defeat Reactions are
identical down to the last detail in mice, rats, dogs, cats, monkeys and man. ( 3 ,4 ) 
A s  i n  h um a n s ,  d e p en d i n g  o n  ho w  t he  a n im a l  in t e r p r e t s  t h e  se v e r it y  o f  t h e  t h r e at , 
m i xt u r e s o r  sh i f t s b e t we e n  th e s e  t w o  r e a c t io n s  ar e  c om m o n  a n d  c a n  r es u l t  i n  a 
r e la t i v e p r e p o n d e r a n c e  o f  e it h e r  P H  o r  M S e l e m e n t s . 

K a pl a n ,  e t  a l.  u s ed  m o n k e y s  f o r  s i m i l ar  g r o u p  s tu d i e s  a n d  a l s o  d e m o n s t r a te d  t h a t 
p r o l o n g ed  l o s s  o f  c o n t r o l  a s  w e l l a s  s o c i a l s u p po r t  el i c i te d  a  D e f e at  R e ac t i o n  w i t h  a l l  t h e 
c h ar a c t er i s t ic s  o f m e t ab o l i c  s y n dr o m e  s e e n  i n  m an .  ( 6 , 7 )   As  m ig h t  be  a n ti c i p at e d ,  m a l e s 
w e r e  m o r e  s e ve r e l y a f f ec t e d  t h a n  f e m a le s .   Ho w e ve r ,  fo l l o wi n g  r e m o v al  o f  t h e  o v a r i es , 
f e m a l e s  w e r e  t r e a te d  l ik e  o u t c a s ts  a n d f a r ed  e v en  w o r s e  w it h  r es p e c t t o  c o r o n ar y  a r t e r y 
d i s e a s e , p o s s i b l y  b e c a u s e  t h e y  l ac k e d  t h e  pr o t e c t i v e  e f f e c t  t h at  f e m a l e  h o r m o n e s  m ay 
p r o v i d e .  A l l o f  th e  m en t a l ly  i n du c e d  a n d  n e u r o h o r m o n a ll y  m ed i a t ed  d a m a g e  to  c o r o n a r y
a r te r i e s  c o u ld  a l s o  b e  a g g r av a t e d b y  pl a c i n g  t h e a n i m a l s  o n  a t h e r o g en i c  d ie t s .   Th i s 
i l lu s t r at e s  th a t ,  a s  i s  f r e qu e n t ly  s e en  i n  b i o m ed i c a l r e s ea r c h , i t  is  n o t a  q u e s t i o n  o f  " e i t h e r - 
o r ",  b u t r a t h e r  o f " b o th - a n d"  i n  v a r i o u s  c o m b i n at i o n s .   Th i s  i s  a l s o  t r u e i n  h u m a n s ,  w h er e 
s t r e s s  in d u c ed  e f fe c t s  a r e  o f t e n  m o d i fi e d  by  d i et ,  e xe r c i s e ,  s m o k i n g a n d  o t h e r  l i f es t y l e
h a bi t s . 
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F i n a l l y , t h e s e  e x pe r i m en t s  o n  t h e e f f ec t s  o f  p s yc h o s o c i a l  i n t e r v e n t io n s  in  t h e g r o u p  l i fe  o f 
r o de n t s  a n d  pr i m a te s  i ll u s t r a t e  th a t  th e  d ev e l o pm e n t  o f  P H  o r  M S d e p en d s  o n  h o w t h r ea t s 
ar e per c e ive d.   A p r ep o nd er a nc e o f  the  D ef e ns e R ea c ti on  p r ed isp os es to 
hy p e r te ns ion  w hil e a p r e d om in ant  D ef e at  Re ac tio n is m o r e ap t t o b e m a nif es ted  b y 
m e ta b ol ic  disturbances.  As previously noted, mixtures or shifts between the two in
different degrees are not uncommon.  This is what Björntorp and I had in mind when we
discussed how various facets of limbic-hypothalamic interactions contribute to hypertension as
well as metabolic syndrome so that we frequently see a mixed picture that contains elements
of both. (1,3)

Lu n d ber g an d  Fr an ken h a eu s er  h a ve  s h o w n  t h i s  i n  h u m a n s  ( 8 ) , an d s im ila r  s tu di es  in  m a n 
ar e wel l c o v er ed in  a r e c en t "St at e o f th e  A r t R e vie ws " b o o k ( 9 ) .  C a te c h o la m in e r el ea s e wa s 
u s ed  as  a  m a r k er  o f  th e def en s e r e s po n s e a n d  gl u c o c o r t ic o id  s e c r eti o n  as  a  m a r k er  fo r 
de fe at wh en  s u bje c t in g  s tu d en ts  to  m e n t al te s ti n g .  If  an  i m po r t an t  e xam  w as  s o  s i m p le th at
m o s t  we r e  qu it e c o n fid en t a bo u t th eir  a bil it y t o  s u c c e ed o n ly c a te c h o la m in es  we r e 
in c r eas ed .  Ho wev er , i f it pr o ve d to  be  s o  d iff ic u lt  t h at  i t i n d u c e d an x ie ty be c au s e  o f  f ear  o f
fa il u r e , gl u c o c o r t ic o id s  w er e a ls o  r el eas ed  -  in  o t h e r  w o r ds ,  t h er e was  e vid en c e o f  bo th 
de fe n s e  a n d de fea t r es po n s e s .   It  i s l ik ely  t hat  i n d ai ly  li f e,  s im i la r  d ua l ac ti v at io ns ar e
c o nt inu al ly  ta k in g  p la c e  b e c a use  o f  p sy c ho so c ia l st r e sso r s  th at  v a r y  wi th  r e sp ec t 
to  t hei r  nat ur e,  in ten si ty  an d  s ig nif ic anc e to th e i nd iv i d u al.   Th e  u l ti m at e
de ve lo p m e n t o f  h y pe r te n s io n  o r  m et abo li c  s yn dr o m e  al s o  de pe n ds  o n  g en eti c  fac to r s ,  p r io r 
ex po s u r e,  as  w ell  a s  d if fer en c es  i n  h o w  s u c h  th r e ats  a r e in ter pr ete d o r  ex per ie n c e d.   I t
s h o u ld n o t b e s u r pr is i n g , t h e r ef o r e, th at th es e  d is o r d er s  a n d es pec ia lly  t h ei r 
in te r r e la tio n s h ip s  o ft en  s e em  am bi gu o u s  an d c o n fu s in g -  b ec au s e th e y ar e .  Th is  is  a  lo t
di ff er e n t  th an  th e "o n e c au s e  -  o n e d is eas e"  pa tt er n  o f i n f ec t io u s  di s ea s e s  w h e r e th e
et io lo g y c an  b e c o n fir m e d b y s at is fyi n g  Ko c h ' s  po s tu la tes .  Yo u  m ig h t  ar gu e t h a t i n  s o m e
r e s p ec t s  it is  r e m i n is c e n t o f  Se ly e' s  m u lt ifa c t o r i al  c o n c ept  o f " n o n - s pe c if ic " s tr es s , wh i c h 
po s i ts  th at m a n y di ffe r e n t s t r e s s o r s  c a n  c au s e  th e s am e pat h o lo g y. 

T h e Sig ni f ic an c e Of  S tat us  An d  Ran k  In A Soc ia l H ie r ar c h y 
PJ R:   Ji m  H en r y' s  "de fe n s e " an d  " def ea t" r e ac t io n s  in  h i s  r at  " m i c r o s o c i eti es " h el p t o  exp la in 
wh y  p eo p l e r es p on d  d if f e r en tl y  t o the  s am e  s tr e ss or .   Gen et ic  fa c to r s  u n do u bt ed ly
pl ay  a r o le bu t o ne ' s st atu s in a soc ia l h ie r ar c h y  a ls o s ee m s to  ha v e  a si g ni f i c an t
in f l uen c e  an d  p er ha p s y o u c ou ld  ex p an d  on th is.  Yo u  h a ve pr o po s e d t h a t h yp er t en s io n 
is  p r im ar ily  a  de fe n s e  r es p o n s e wh er e as  m e ta bo l ic  s y n d r o m e m o r e o ft en  r e s u lts  f r o m  t h e
de fe at r e s po n s e a n d  th at  m i xt u r e s  o f bo th  ar e c o m m o n .  Th is  s e em s  q u i te pl au s ib le s i n c e 
th e s am e h yp o t h al am ic  an d l im bic  c en t er s  t h a t r es po n d to  ac u te  m en t al  as  w ell  a s  c h r o n i c 
ps yc h o s o c ial  s tr e s s  r e gu lat e bo t h  c ir c u lat o r y a n d  m e ta bo l ic  ac ti vit ie s  v ia  h y pe r ac ti ve
h y po th a la m ic - p itu it ar y  a n d s y m pa th eti c - adr en al m e du lla r y  m e c h an i s m s .  I n  d if fer en tia ti n g
th e two , Jim  h as  s h o wn  t h at  t h e D e fen s e  R e ac tio n  is  as s o c ia ted  w ith  a n  i n c r ea s e  in  r e n i n ,
wh ic h  i s  o ft en  s e en  in  h ype r t en s io n .  I s  t h i s  a ls o  t r u e i n  h u m an s  a n d  ar e th e r e  o t h e r  c li n ic al 
c o r r ela ti o n s  w ith  h is  bi o p s yc h o s o c ia l r es ear c h  in  r ats ? 

B F :   In div id u al  d iff er en c es  in  t h e r e s po n s e t o  an  id en t ic al s i n gl e s ti m u lu s  o r  s it u at io n  a r e 
c o m m o n  in  He n r y' s  m ic e  a n d Ka pla n ,  Ma n u c k an d C l ar ks o n ' s  m o n key s ,  ju s t  as  w e s ee  in 
pe o p le.   A g o o d e xa m pl e th a t yo u  h ave  o fte n  c it ed  is  a  s t ee p r o l ler  c o as te r  r id e, wh er e  s o m e 
el at ed pa s s e n g er s  a r e ex h il ar ate d an d  l au g h i n g,  s o m e  a r e s c ar e d an d  s h ak in g w h i le o t h er s 
s e em  to  h ave  a n  a ir  o f  n o n c h a lan c e  th at  bo r d er s  o n  b o r edo m .   Th e s e va r ia ti o n s  a r e la r ge ly 
du e to  di ffe r e n c e s  in  th e f ee lin g o f c o n tr o l  o v er  th e eve n t , w h i c h  in  tu r n  is  i n fl u e n c e d by
ge n e tic s ,  ge n d er ,  p r io r  exp er ien c e , s o c ial  s tat u s  an d o th er  en vi r o n m e n ta l fac to r s . 

I n  a ll th es e  a n im al  s t u d ies , r an k in  a h ie r a r c h ic al s o c ie ty  is  a n  e xt r em el y i m p o r t an t
de te r m i n a n t,  a s  i s  o ft en  s e en  in  h u m a n s .  W h en  r a nk  is  t hr e at ene d ,  a D e f en se  Re ac tio n
is  e lic it ed  an d  a tt em p ts  ar e m ad e to m a int ai n t he  st at us q u o.   H owe v e r ,  if  th is  is 
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un su c c e ss f ul  a nd  th er e  i s l os s o f  c on tr ol an d  s oc ial  s tat us  a D e f ea t Rea c t ion 
p r ed om i na tes .   Su c h  pe r tu r b ati o n s  a n d  s h if ts  th at c o n ti n u all y r ec u r  in  d ail y lif e ar e  q u it e
n o r m al an d h ar m le s s  if  t h ey  a r e m i ld o r  tr an s ie n t .  Ho wev er , w h e n  m en tal  c h al le n ge s 
be c o m e pr o lo n g ed th e r es u lt an t d ef en s e an d  d efe at  n e u r o h u m o r al  r es p o n s es  s tar t to  c a u s e 
di s t u r b an c es  t h at  e ven tu all y lea d to  m a n if es tat io n s  o f  pr im ar y  h ype r t en s io n  a n d / o r 
m e ta bo l ic  s y n d r o m e as  we ll as  o t h e r  c au s es  o f p r e m at u r e d ea th . 

W i th  r e s p ec t  t o  r e n i n , it  is  i m po r t an t  t o  r em em b er  th at  th e D ef en s e R e ac t io n  s y m p ath o - 
ad r e n o m ed u ll ar y s ti m u l at io n  r es u lt s  i n  a β1 - r ec ept o r - m e di ate d ac t iv ati o n  o f  r e n i n 
pr o d u c t io n .  Th u s , th e  r e n i n - a n g io t en s in - a ldo s t er o n e  ax is  c o m e s  i n t o  p la y w h e n  t h e  D e fe n s e 
R e ac tio n  pr e do m in at es  an d w e s ta r t  to  s ee as s o c ia ted  e ffe c t s  o n  kid n e y f u n c ti o n , p o s iti ve 
fe ed bac k ac t io n  o n  s ym pa th e ti c  t o n e a n d  pe r h aps  e ven  o n  " s a lt ap pet it e".( 3 , 4 )   Th es e an d 
o t h e r  f ar - r e ac h in g def en s e r e s po n s es ,  t h at  a r e c o n tr o l led  b y t h e  n e r v o u s  s ys t em  ar e o ft en 
n o t fu l ly  ap pr ec i at ed o r  m a y be o v er l o o ked  b y r es ear c h er s  w h o s e fo c u s  is  e n ti r e ly o n  th e
r o le  o f  r e n i n .  W h il e o bv io u s l y s ig n i fic an t, in  th is  pa r t ic u la r  c as e, r e n i n  i s  o n l y o n e  o f m an y
li n k s  t o  o th er  im po r ta n t  n e u r o h o r m o n a l r es po n s e s  th a t h av e wid es pr e ad  ef fe c ts .

O f  c o u r s e , t h e  r e n i n - a n g io t en s in - a ldo s t er o n e  ax is  is  i n vo lv ed in  pr im ar y  h ype r t en s io n  i n 
o t h e r  w ay s , pa r ti c u lar ly  in  t h e la te s t age s  o f th e d is eas e.   Her e, c o n c e r n in g  s tr u c t u r a l
ad ap tat io n  o f s m a ll  r e s i s ta n c e a r t er i es , t h e  pr eg lo m er u la r  ar t er io l es  be in g e s p ec i al ly
s u s c ept ib le to  r e m o del in g c h a n ge s  th a t lea d to  lu m i n al  n ar r o w in g .  Th e r es u l tan t r es tr ic t ed 
bl o o d f lo w t o  th e  k idn ey s  p r o du c es  a s u per im po s ed  Go ld bla tt  ty pe  o f  h ype r t en s io n  t h a t m ay 
u l ti m at el y p r e do m in ate .  Si n c e g en eti c  c o n s t ell at io n s  th a t pr e di s po s e  to  h ype r t en s io n  d if fer 
in  p eo p le  an d po p u l ati o n s , va r ia ti o n s  i n  r en al fu n c t io n  a n d / o r  v o lu m e  r e gu lat io n  a r e  ap t to 
be  c o m m o n .  Su per im po s ed  o n  t h is  i s  t h e  D e fe at R e ac t io n  a c t iva ti o n  o f  AC TH - gl u c o c o r t ic o id 
r e s p o n s es  th at  in tr o du c e  a m i xtu r e  o f  m eta bo lic  s yn d r o m e r e lat ed  el em en t s .   Th i s  s ee m s  to 
be  t r u e  i n  h u m an s  a s  w el l a s  r o d en ts  al th o u g h  t h e  la tt er  pr o vi de  m o r e  in fo r m a ti o n  o n 
h e r i tab le  in fl u en c e s .  Fo r  ex am p le , t h e  ef fe c ts  o f s tr es s - r ela te d d ef en s e r es po n s e s  ar e  a pt to 
di ff er  c o n s i de r ab ly  if  t h ey  a r e s t u di ed  in  s po n ta n eo u s ly h y pe r te n s ive  r ats  o r  D ah l' s  s alt 
s e n s iti ve  s t r a in . 

I n  a  "o n e - c a u s e- o n e - di s o r de r "  s u c h  as  a n  i n f ec t io n  t h e  et io lo g y c an  b e c le ar l y ide n t ifi ed .
Th e c a u s a v e r a  o f tu b er c u l o s is  is  th e tu b er c le  b ac i ll u s .   Wh i le  it  i s  t r u e t h a t n o t  al l peo pl e
wh o  ar e  i n fe c t ed de vel o p  c l in ic a l tu b er c u l o s is  an d t h a t c r o w ded , u n s an ita r y  c o n d iti o n s  a n d 
im pa ir e d im m u n e s ys tem  f u n c ti o n  c a n  i n f lu e n c e t h i s , th e d is eas e wil l n o t  o c c u r  in  th e
ab s e n c e  o f t h e  tu be r c l e bac il lu s .  Ho we ver , lik e fev er , t h e r e is  n o  c a u s a v e r a  f o r  pr im ar y 
h y pe r te n s io n  o r  m et abo li c  s yn dr o m e  s i n c e b o t h  h av e m u lt ifa c t o r i al  o r ig in s  t h at  a r e fu r th er 
m o di fie d by m y r ia d in f lu en c es  to  p r o d u c e e it h er  d is o r d er  o r  a m i xtu r e  o f  e lem en ts  o f  bo th .
Th is  is  u n de r s tan da bly  f r u s tr ati n g  an d c o n fu s in g to  r e du c ti o n is t ic all y o r i en ted  r es e ar c h e r s 
s e ar c h i n g  fo r  a s in gle  " o n e  a n d o n ly"  c au s e,  bu t giv en  o u r  pr e s e n t s t ate  o f k n o wle dg e, we 
m u s t  le ar n  t o  liv e wit h  th e s e  c o m p lex it ies .

PJ R:   Ha n s  Se ly e, wh o  i n i tia ll y c la s s i fi ed ad r en al  c o r t ic a l h o r m o n e s  as  h a vin g pr i m a r il y
gl u c o c o r t ic o id , m i n e r al o c o r t ic o id  o r  te s t o id  e ffe c t s  b el iev ed  th at  gl u c o c o r t ic o id s  a n d 
m i n e r al o c o r t ic o id s  h ad  c er t ai n  a n t ago n i s ti c  ac t iv iti es .  In  pa r t ic u la r , gl u c o c o r t ic o id s  l ik e
c o r t is o n e  h a d an t i- in f la m m a to r y ef fec ts  wh il e de s o xyc o r tic o s ter o n e, th e b es t
m i n e r al o c o r t ic o id  t h at  w e h ad  pr o m o te d in f la m m a ti o n ,  a t l ea s t in  r a ts .  It  wa s  th e r e fo r e ver y
di s a ppo in tin g th a t wh e n  al do s te r o n e la ter  b ec a m e  av ai lab le  n o  s u c h  pr o p h lo gi s ti c  ac t iv iti es 
c o u l d b e dem o n s tr at ed de s pi te  it s  po w er fu l  e ffe c t s  o n  m in er al m e tab o l is m .  Su bs equ en t
s t u d ies  n o w s u ppo r t  Se ly e' s  h ypo th es i s .   R es ear c h er s  h ave  d em o n s tr a te d t h a t al do s te r o n e
c a n  c o n tr ibu te  to  c ar d io vas c u lar  a n d r e n al  p ath o l o gy  ( fib r o s is  a n d c o lla ge n  f o r m at io n )  by 
pr o m o ti n g  s o di u m  in flu x an d  h ype r t r o p h y  in  v as c u l ar  s m o o t h  m u s c l e c el ls ,  g en e r a tio n  o f
o x yg en  fr ee r a dic al s , s t im u la tio n  o f gr o wt h  fac to r s  an d po te n ti at in g  t h e pr es s o r  e ffe c t s  o f
an gi o te n s in  I I . ( 1 0 )   W h il e pr i m a r y al do s te r o n is m  wit h  lo w  p o ta s s iu m  d u e to  an  a dr e n a l
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adenoma is still a rare cause of hypertension, adrenal cortical hyperplasia with normal
potassium is much more common and may account for 10% of all cases.  Aldosterone also
decreases the activity of glucose-6-dehydrogenase, an antioxidant that blocks free radical
damage to small blood vessels.  A deficiency of this enzyme is seen in 10-15% of blacks,
which may explain their increased prevalence of hypertension. (11)  Blocking aldosterone
receptors not only lowers blood pressure but has been shown to improve survival and
decrease morbidity in patients with severe heart failure. (12)

Selye's arbitrary categorizations were somewhat deceptive.  Because of the close structural
similarity of all adrenal cortical steroids it might be expected that certain activities would
overlap.  Thus, glucocorticoids had sodium retention and androgenic properties and
mineralocorticoids could mimic certain glucocorticoid effects.  This is somewhat reminiscent of
the overlaps between primary hypertension and metabolic syndrome.  Similarly, polycystic
ovary syndrome, which is characterized by increased androgen levels often includes insulin
resistance, Type 2 diabetes, obesity and other manifestations of metabolic syndrome.  We
also see that antihypertensive drugs that affect the renin-angiotensin-aldosterone axis may
have unsuspected metabolic activities.  Angiotensin II receptor antagonists can reduce the
pro-inflammatory and thrombogenic effects of hypercholesterolemia. (13)  These and other
drugs like ACE inhibitors that inhibit the renin-angiotensin system have also been shown to
significantly reduce the incidence of Type 2 diabetes in patients with hypertension and
c on ges tive failu re. ( 14 )   Dr u gs  th at s electively bloc k the vaso c on str ic to r  effect o f Angio ten sin  I I
not only lower blood pressure but also reduce renovascular resistance resulting in increased
renal blood flow in patients with Type 2 diabetes, which may explain why they slow or prevent
the development of diabetic nephr opath y and have been  appr oved for treating th is disorder. (1 5)
Adding an aldosterone blocker may provide additional synergistic benefits. (16)

The above observations support your view that the renin-angiotensin-aldosterone system has
unappreciated widespread effects.  These include not only those related to electrolyte and
water balance but also your remodeling changes in small blood vessels in the kidney and
elsewhere and the production of fibrosis that can result in sustained hypertension.  In
addition, blockade of this system may have favorable effects on carbohydrate metabolism in
patients with diabetes.  There are similarities between essential hypertension and metabolic
syndrome because both have multifactorial origins, some of which are shared.  The most
important appears to be psychosocial stress, which may elicit a defense response with
increased renin and hypertension or a defeat reaction that is characterized more by insulin
resistance, dyslipidemia abdominal obesity and other manifestations of metabolic syndrome.
However, vacillation between the two and blends of both are probably much more
common.  Since essential hypertension and metabolic syndrome are not distinct diseases and
can have multiple causes or contributing influences it is not likely that either will respond to
monotherapy, such as insulin for diabetes.  This re-emphasizes the need to treat hypertensive
patients on an individual basis rather than in a cookbook fashion where the goal is simply to
lower an elevated blood pressure to arbitrarily set levels.  For example, the current push to
start all hypertensives on thiazide therapy will undoubtedly lead to an increase in diabetes
and possibly interstitial nephritis.  Although thiazides should never be given to patients in
renal failure, neither diabetes nor impaired kidney function is listed as a contraindication in
the latest JNC recommendations.

The Cortisol-Abdominal Fat Connection
The problem is much more cloudy and complex when it comes to treating metabolic syndrome
since there is even more confusion as to how this evolves.  Trying to lower an elevated blood
sugar makes no more sense to me than treating other measurements, like fever or blood
pressure, unless you address the cause of the problem.  Many people believe that Type 2
diabetes and hypertension are often due to obesity per se rather than increased visceral fat.
Yet, active Sumo wrestlers who are extremely obese rarely have these problems because
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most of this is due to subcutaneous fat, which may actually have protective anti-atherogenic
benefits.  The major culprit appears to be cortisol, since conditions that cause chronic cortisol
elevations, like Cushing's syndrome, exhibit abdominal obesity and all the characteristics of
metabolic syndrome.  Moreover, when a pituitary tumor or other cause of the problem is
removed, these abnormalities disappear.  Administration of prednisone and other synthetic
glucocorticoids produces the same picture that is also reversed with cessation of therapy.  Jim
Henry showed that the defeat response was associated with increased abdominal fat in rats
and studies in primates and humans subjected to stress who have elevated cortisols
demonstrate similar results.  As Per Björntorp has suggested, the sequence of events here
seems to be that activation of the hypothalamic-pituitary-adrenal axis results in increased
cortisol and other hormones that cause insulin resistance as well as visceral fat deposits that
release free fatty acids which further decrease sensitivity to insulin in muscle and liver.  These
responses may have been useful for our primitive ancestors who required temporary
increases in fuel for energy to respond to acute physical threats.  However, the chronic
elevation of sympathetic activity and stress hormones due to contemporary competitive and
hectic lifestyles not only provides few benefits but can prove deadly.  As you know from prior
Newsletters, Cortislim and numerous other non-prescription products that claim to reduce
weight as well as stress by blocking cortisol (now referred to as "the fat hormone") have
raked in hundreds of millions of dollars in the U.S.  Unfortunately, because these are classified
as nutritional supplements they are not under the jurisdiction of the FDA and since they do
not have to show any evidence of efficacy or safety, have filled a huge void in the weight loss
industry.  This is especially true for millions who are convinced they are overweight because
they are under stress since manufacturers can cite Bjorntorp's and other legitimate studies for
support, even though they have nothing to do with their spurious products.

The critical question is what advice can be given to prevent or reduce the
development of hypertension and metabolic syndrome?  Is there a way to identify
individuals at particular risk other than a family history?  Hyperactive blood pressure
responses to physical threats (cold pressor test) or emotional stress ("white coat
hypertension") do not appear to predict a significantly increased likelihood of developing
sustained hypertension.  Nor does adherence to any specific diet seem to have protective
value, although artificial trans-fats and high fructose corn syrup sweeteners should be
avoided, as well as excessive salt intake for certain individuals.  The best recommendation
appears to be regular physical exercise, which can provide significant benefits in both primary
hypertension and metabolic syndrome and is further proof that these are linked.  Of course,
reducing psychosocial stress would help to prevent these and other "Diseases of Civilization"
but cultural and commercial influences seem to preclude such a possibility.  I am not sure that
all of these opinions are consonant with your own and would welcome your comments on any
that should be corrected or expanded on.

Hyperactive Cardiovascular Reactivity, Salt Intake, Stress And Exercise
BF:  Let me start by stating that I share your views and especially the need to address the
important issues of prevention and treatment.  The prognostic significance of exaggerated
cardiovascular responses to stress has been a controversial issue for well over a half century.
However, immersing a hand or foot in ice water for a minute or two in the cold pressor test
causes a transient rise in blood pressure primarily because of bulbo-spinal reflex sympathetic
activities.  Subjects with spikes that are much higher and/or more sustained than average
would not necessarily show a similar enhanced reactivity to the psychosocial challenges that
seem to contribute to sustained hypertension via limbic and hypothalamic activities.  With
respect to "white coat" hypertension, Sir George Pickering's group showed several decades
ago the tremendous blood pressure variations that can occur in normotensive individuals
during daily activities ranging from sleep to physical activity and strong emotional excitement. (17)
Nevertheless, it is not the magnitude of such sporadic short bursts of blood pressure elevation
that causes problems.  The structural upwards resetting of the cardiovascular system
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responsible for chronic hypertension depends more on the extent and duration of the average
pressure load for long periods of time.  These result from relatively mild but frequent daily
psychosocial challenges that elicit defense responses with widespread neurohormonal
excitatory influences.  Mental stress tests like Brod's forced mental arithmetic can stimulate
the "emotional brain" to produce mild defense (or defeat) reactions but this is different than
the daily life situations of chronic worries, frustration, challenges that people face in their daily
lives. (18-20)  Permanent hypertension from these types of psychosocial threat can be
demonstrated in rodents in months or even weeks.  Similar studies in man might require
measuring blood pressure, heart rate, hormone levels, emotional status etc. for years rather
than months, which would be prohibitively expensive.  Nonetheless, excellent ambulatory
monitoring studies of workers during daily activities by Thomas Pickering and others have
already provided important and supportive information. (9,21,22,23)

The importance of salt intake is also a subject of considerable controversy.  As you have
pointed out in previous Newsletters official recommendations for all Americans to sharply
restrict salt seem unwarranted.  This is supported by Graudal's very thorough meta-analysis
of almost 60 well-controlled low-salt studies in normotensives, which found an average fall in
mean arterial pressure of only a meager 0.6 mm Hg. (24)  However, renin and catecholamine
release was increased three or four fold and heart rate also rose in the majority of patients.
As explained elsewhere, this could lead to an increased load on the left ventricle in addition to
other undesirable consequences. (25, 26)  That is not to deny that some groups, and
especially Afro-Americans who are salt sensitive should restrict sodium intake.  However, for
the majority, as Sir George Pickering questioned, why take away from meals one of the really
pleasant 'spices' when its absence takes away from meals one of its greatest pleasures?  Why
not trust our 'salt receptors' in the hypothalamus, like we trust the feedback mechanisms that
determine thirst or temperature?  In addition, 80% of the sodium in U.S. diets comes from
processed foods, not salt shakers.

You have summarized elsewhere the various ways stress can contribute to hypertension (26)
and its important role is illustrated by a 30-year follow-up study of Italian nuns in a closed
order who pursued a peaceful lifestyle characterized by silence, meditation, regular work
activities and isolation from society.(28)  Their blood pressures at age 65-70 were only a few
mm Hg. different than when initially recorded 3 decades earlier in contrast to a carefully
matched group of women exposed to urban Italian lifestyles who showed the usual
progressive rise with age seen in most Western countries.  The incidence of cardiovascular
disease and death was also twice as high in this control group compared to the nuns although
there was no difference in family history of hypertension or salt intake.  Cholesterol levels and
body weight were actually higher in the nuns and the authors concluded that it was
primarily their stress free cooperative rather than competitive environment that
provided these cardioprotective effects.

Regular exercise would also be at the top of my list for prevention and treatment.  Low salt
diets do not benefit most hypertensive patients but only the minority who are salt sensitive.
In contrast, Paul Korner's group at the Baker Institute in Australia has shown that regular
exercise can significantly lower blood pressure in everyone.  In one study, just 40
minutes of bicycling three times a week for a month lowered mean arterial blood pressure in
normotensive fairly young sedentary males 7 mm Hg. (ten times more than a low sodium
diet). (29)  With respect to hypertension, 2 to 3 hours of rhythmic exercise three times
weekly can lower elevated blood pressures in patients to the same degree as
ordinary antihypertensive drugs. (30,31)  In addition to being safer and much cheaper
than drugs, regular exercise provides other benefits such as improved immune system
function and reduction of the abnormalities that are seen in metabolic syndrome. (3)  More
extensive research is required to explore the additional health rewards of exercise and to
de te r m i n e  th e m ec h a n is m s  r e s p o n s ib le fo r  m ed iat in g t h e s e ef fec ts .
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A r e D i s ea s e s  O f  C i v i li z a t io n  D ue  T o  M a l a d a p t i v e  R e sp o n s es ? 
P J R:   St u d i es  d o  s h o w  t h a t  i n  a dd i t i o n  t o  t h e  be n e f it s  y o u  n o te d ,  r e g u l ar  e x er c i s e r e d u c e s 
t h e r i s k o f  de v e l o p i n g  d i a b et e s ,  c o l o n  c a n c e r ,  o b e s i ty  a n d o s t eo p o r o s i s .   I t  c a n  a ls o  r el i e v e
f e el i n g s  o f  de p r e s s i o n  a n d  an x i e ty  a n d p r o m o t e  a s e n s e  o f  p s y c h o l o g ic a l  we l l  be i n g .  I t  h a s 
e v en  b e en  p r o p o s e d t h a t e s s en t i a l h y p er t e n s i o n  is  l a r g e l y  d u e  to  p h ys i c a l i n a c t i v i ty  a n d
c o u l d  b e p r e ve n t e d b y  pr o m o ti n g  r e g u l ar  e x er c i s e p r o gr a m s  s t a r ti n g  s h o r t ly  a f te r  p u b e r t y
a n d t h a t t h e  s a m e  m i g h t h o l d t r u e f o r  m e t a bo l i c  s y n d r o m e .  ( 3 2 )   Su p p o r t  c o m e s  fr o m 
s t u d i e s  s h o w in g  a  d e c l in e  i n  p h y s i c a l  a c t i vi t y  du r i n g t h e  p a s t  f i v e  d e c a de s  t h a t  c o r r e l at e s 
w i th  t h e p r o gr e s s iv e  i n c r e a s e  i n  t h e s e d i s o r d e r s .   Sin c e  h y p e r te n s i o n  a n d o b e s i t y  ar e 
r a r e l y  s e e n  in  p r im i t i ve  g r o u p s  o r  p e o p l e s  i n s u la t e d  f r o m  t h e  s t r e s s e s  o f m o d er n  s o c i e t y
a n d a r e  a b s e n t  i n  w i l d  a n i m al s  w h o  m u s t  c o n s t a n tl y  f o r a g e  f o r  fo o d ,  d e s c r i b i n g t h e m  a s 
" D is e a s es  o f  C i v i li z a t io n "  s e e m s  a p p r o p r i a te .   Th i s  is  s o m e w h a t r e m in i s c en t  o f S e ly e ' s 
" D is e a s es  o f  A d a p ta t i o n " ,  w h i c h  we r e  va r i o u s  d i s o r d e r s  t h at  c o u l d  b e i n d u c e d  in  l a bo r a t o r y 
a n im a l s  s u b j ec t e d  t o  p r o l o n ge d  s tr e s s . ( 3 3 )   I n  r et r o s pe c t ,  " D i s ea s e s  o f  M a la d a p ta t i o n " 
w o u l d  h av e  b ee n  m o r e  a c c u r a te .   " D is e a s es  o f  C i v i li z a t io n "  m a y  s im i l a r l y  r ep r e s en t 
m a la d a p ti v e  r e s p o ns e s  to  s u b t l e  p s y c h os o c i al  s t r e s s o r s  a n d  s e d en t a r y  l i f es t y l e
c h an g e s  t h a t  h a v e  o c c u r r e d  ov e r  th e  m an y  m il l e n ni a  o f  m a n ' s  e v ol u t i on . 

B F :   L a z i n e s s  a n d  l a c k  o f  e x e r c i s e  c o u l d  c e r t a i n l y  b e  a  f a c t o r ,  a l o n g  w i t h  o t h e r 
d e l e t e r i o u s  l i f e s t y l e  c h a n g e s  o u r  b o d i e s  h a v e  n o t  h a d  t i m e  t o  a d a p t  t o .   Al t h o u g h  b l e s s e d 
w i t h  a  r e m a r k a b l e  n e o c o r t e x ,  H o m o  s a p i e n s  h a s  t h e  s a m e  " e m o t i o n a l  b r a i n ' "  d e s i g n e d  f o r 
p r e s e r v a t i o n  o f  s e l f  a n d  s p e c i e s  i n  a  p r i m i t i v e  w o r l d  t h a t  e x i s t s  i n  a l l  o t h e r  m a m m a l s .   I t 
w a s  t h e  r e m a r k a b l e  e f f i c i e n c y  o f  t h e s e  l i m b i c - h y p o t h a l a m i c  m e c h a n i s m s  t h a t  m a d e  i t 
p o s s i b l e  f o r  o u r  a n c e s t o r s  t o  s u r v i v e  p h y s i c a l  t h r e a t s  f o r  m i l l i o n s  o f  y e a r s  o f  e v o l u t i o n . 
W h i l e  a p p r o p r i a t e  f o r  a  h u n t e r  g a t h e r e r ' s  e x i s t e n c e  a n d  s m a l l  g r o u p  e n c l a v e s , 
c o n t e m p o r a r y  m a n  f a c e s  a  b a r r a g e  o f  h e c t i c  a n d  c o m p e t i t i v e  c h a l l e n g e s  a n d  d a i l y 
s t r e s s e s  t h a t  a r e  b o u n d  t o  a r o u s e  s u c h  p r o t e c t i v e  m e c h a n i s m s  t h a t  a r e  n o  l o n g e r 
a p p r o p r i a t e  b u t  h a v e  b o o m e r a n g e d  t o  p r o d u c e  d e a d l y  d i s e a s e s .   W i t h  r e s p e c t  t o  n o t 
e n o u g h  t i m e  h a v i n g  e l a p s e d  f o r  u s  t o  a d a p t  t o  t h e s e  c h a n g e s  i n  o u r  p s y c h o s o c i a l 
e n v i r o n m e n t ,  I  a m  r e m i n d e d  o f  a  m e t a p h o r  f r o m  m y  f r i e n d  a n d  " e x e r c i s e "  p r o f e s s o r  P . O . 
Ä s t r a n d .   He  c o m p a r e d  m a n ' s  e v o l u t i o n  w i t h  a  4 2 , 1 9 5  m e t e r  l o n g  m a r a t h o n  r u n .   I f  t h i s 
r u n  b e g a n  s o m e  2  m i l l i o n  y e a r s  a g o  w h e n  t h e  f i r s t  p r i m i t i v e  t o o l s  c a m e  i n t o  u s e ,  w e 
g r a d u a l l y  s p r e a d  f r o m  A f r i c a  a r o u n d  t h e  g l o b e  a s  s m a l l  g r o u p s  o f  h u n t e r  g a t h e r e r s  d u r i n g 
t h e  f i r s t  4 2 , 0 0 0  m e t e r s  a n d  i t  i s  o n l y  d u r i n g  t h e  l a s t  1 5 0  m e t e r s  o f  t h e  r u n  s o m e  7 5 0 0 
y e a r s  a g o  t h a t  a  g r a d u a l  s h i f t  t o  a g r i c u l t u r e  s t a r t e d .   Th e  " M a c h i n e  A g e "  s t a r t e d  o n l y  1 0  - 
1 2  g e n e r a t i o n s  a g o  w h e n  l e s s  t h a n  5  m e t e r s  o f  t h e  r u n  r e m a i n e d  a n d  t h e  p a s t  t h r e e 
d e c a d e s  o f  o u r  c o m p u t e r  d r i v e n  c u l t u r e  a r e  t h e  l a s t  f e w  c e n t i m e t e r s  o f  t h e  m a r a t h o n . 
C o m p u t e r i z a t i o n  i s  o n l y  a  f e w  i n c h e s  o l d . 

A s  I  h a ve  a l s o  i n di c a t ed  i n  a  d i s c u s s io n  o f t h i s  i s s u e  ( 3 4 ) ,  P au l  M a c L e a n ' s  m e ta p h o r  i s 
e q u a l l y  t o  t h e  p o in t .   M a c L e a n , w h o  c o i n ed  t h e t e r m  l i m bi c  s ys t e m  t o  d es c r i be  t h e
" e m o t i o n a l  b r a i n "  c o n s id e r e d m a n s  n e o c o r t ex  a n d i t s  r e l a ti o n  to  o u r  m a m m a l i a n  o r 
p r em a m m al i a n  e m o t io n a l  b r a i n  a s  an a l o go u s  to  a  fa i r l y c o m pe t e n t r i d er  o n  a n  i n h e r e n t l y 
u n r u l y  an d  i n s t i n c t - d r iv e n  h o r s e .  As  l o n g  a s  t h e  r i de r  i s  i n  c o n t r o l ,  t h e  t w o  c o o pe r a t e t o 
p r o v i d e  a n  e ff i c i en t  a n d  p r o d u c t iv e  u n i t .   Bu t  if  t h e r i d er  f o r c e s  th e  h o r s e  be y o n d w h a t i t s 
i n s t i n c ts  w i ll  a l lo w ,  th e  h o r s e  ta k e s  o v e r  a n d  m a y  e ve n  t h r o w  it s  m as t e r  o f f  th e  s ad d l e .

M a n i s  a l i n k  i n  a g r e at  e v ol u t i on  a n d  i t  is  i m p o r t a nt  f o r  u s  to  r e c o g n i ze  h o w m u c h
w e  h a v e  i n  c om m o n  w i t h  J i m  H e n r y ' s  m i c e  a n d  K a p la n ,  M a nu c k  an d  C ar l s o n' s 
m o nk e y s ,  es p e c ia l l y  w i t h  r e s p ec t  t o  d e f en s e  an d  d ef e a t  r e s p o n s e s  t h a t  u l t i m a t e l y l e a d t o 
d i s e a s e .  Th e c e n tr a l  n e r v o u s  s y s t e m  m e c h a n i s m s  r e s p o n s i b le  f o r  t h is  a r e c o m pl e x ,  c a u s e- 
e f fe c t  r e l a t io n s h ip s  a r e  c o m p l i c at e d  an d  t h e  t i m e - c o u r s e  is  m u c h  m o r e  i n s i d i o u s ,  c o m p a r ed 
e . g.  t o  i n f e c t i o u s  d i s ea s e s .  N e ve r t h el e s s , I  s u s p e c t w e  al r e a dy  h a ve  e n o u g h  in f o r m a t i o n  t o 
a d vi s e  r e g u l at o r y  a u t h o r i t i es  o n  w a y s  t o  p r e v e n t w h a t a r e  t r u l y " D i s e a s e s  o f  C i v i l iz a t i o n " . 
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