
Stress and Glucocorticoid 

I n  his Perspective "Why stress is bad for 
your brain" ( I ) ,  Robert A?. Sapolsky con- 
cludes that glucocorticoid (GC) excess, 
sometimes a result of sustained stress. is a 
"likely culprit in causing [hippocarnpal] 
atrophy [in humans]." Although the data 
demonstrating reduced hippocampal vol- 
ume in Cushing's disease provide support- 
ing evidence for this hypothesis, the other 
clinical studies cited do not. For examnle. 

L ,  

although hippocampal volumes are report- 
edly smal'ler in trauma survivors n'ith post- 
traumatic stress disorder (PTSD) as com- 
pared with those in survivors without 
PTSD and in nonpsychiatric (control) 
subjects, the amount of circulating G C  is 
actually chronically loecter in people with 
PTSD as colnuared with these other 
groups (2 ) .  Furthermore, although there 
has been a general presumption that the 
concentration of cortisol present at the 
tirne of the trauma is higher in trauma 
survivors who develop PTSD as compared 
with that in those ivho do not, recent 
evidence suggests that the opposite might 
be correct. 

For example, a lo~lgitudinal study of rape 
victims found that cortisol responses (ob- 
tained from emergency room blood samples 
within hours after the rape) were attenuat- 
ed in wornen who had prior trauma and 
who were more likely to develop PTSD, as 
compared with the cortisol responses of 
similarly traumati:ed women who did not 
develop PTSD (3). Motor vehicle accident 
victims who subsequently developed PTSD 
also showed reduced amounts of cortisol 
within hours following this trauma, as corn- 
~ a r e d  ~vith amounts in such victims who 
had no subseq~~ent psychiatric disorder or 
who developed major depression (4).  High- 
er conce~ltratiolls of cortisol at the tirne of 
the accident rere  associated with subse- 
quent major depression (4) .  Although the 
blood cortisol sarn~les were not obtained in 
studies (3,  4)  while the trauma was actually 
occurring, making it technically i~npossible 
to rule out that concentrations of cortisol 
were higher during the trauma in those ivho 
subsequelltly developed PTSD, it seems un- 
likely that these concelltrations ~vould be 
high' enough to permanently damage the 
hippocampus for the brief duration (min- 
utes to hours) during which these traumatic 
events actually occurred, even though this 
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brief duration was enough to precipitate 
PTSD. 

G C  excess may also not be the ~lnderlyillg 
cause of the smaller hippocarnpal volumes 
observed in a study by Sheline el al. of re- 
mitted depression (5). Although it is nrell 
established that about half of depressed pa- 

tients are hypercortisolemic, the only study 
that directly examined this issue found no 
differe~lces betwee11 depressed patients and 
normal colltrols (6) .  Although Sheline et ai. 
observed smaller hippocampi in their study 
group, the remitted depressed subjects were 
not hypercortisolemic at the time of the 
hippocampal volume assessment. Further- 
more, there is no evidence that subjects were 
ever hypercortisolemic, even though they 
had a past history of depression. Because 
subjects were elderly (with a mean age of 68) 
and had psychiatric treatment histories, a 
number of factors other than GC excess may 
have contributed to the smaller hippocampal 
volumes. 

Although Cushing's disease, PTSD, and 
depression have been associated ivith smaller 
hippocampal volumes, it is ~lnlikely that a 
common etiology explains the neuroana- 
tomical findings, because each disorder pre- 
sents a different clinical picture. In Gush- 
ing's there is clearly GC excess, but not 
necessarily stress exposure. Because success- 
f~11 treatment reverses some of the hippocam- 
pal atrophy (7), t h ~ s  effect appears to be at 
least partially state-dependent, and may not 
be associated with permanent or long-term 
consequences. In PTSD, patients have been 
exposed to traumatic stress, but there is little 
evidence of GC excess. The most ambiguous 
observations are those made of depressed 
patients. However, unlike the data on Cush- 
ing's disease, the findings presented in the 
Sheline et al, study suggest a more perma- 
nent, tlonstate-dependent phenomenon, be- 
cause smaller hippocampi were observed in 
the absence of both an excess of GC and 
clinical symptotnatology, whereas these 
changes may be less obvious n'hile patient 
are depressed and actively hypersecreting 
GC (6). 

One way to approach these studies is to 
use them as an opportunity to critically 
examine some of our assumptions about 
the relatiotlship between stress and G C  
excess. Given that sustained stress and 
trauma are often associated with lo~v cor- 
tisol it1 humans, stress should no longer be 
defined by G C  excess any more than G C  
excess should be taken as evidence of 
stress. These terms, therefore, should not 
be ~ ~ s e d  interchangeably. In the aggregate, 
the data suggest that it is necessary to 
search for biologic mechanisms other than 
cortisol toxicity that might account for 
hippocarnpal atrophy (for example, exci- 
tatory amino acids). A?oreover, because 
the effects of stress do not appear to be 
uniform, it n'ould be appropriate to care- 
fully delineate the conditiolls under which 
stressors are more or less likely to influ- 

ence brain plasticity, as well as the risk 
factors that account for individual differ- 
ences in G C  responses to stress (8) .  
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Response: A literature stretching back de- 
cades demonstrates the deleterious effects 
of stress and of GCs in the hippocampus of 
laboratory animals. My Perspective con- 
sidered recent evidence that the same 
might occur in humans. Yehuda, a leading 
PTSD researcher, has questioned some of 
this evidence. 

How could GCs cause the hippocarnpal 
atrophy seen in patients with depression 
and PTSD, when circulating GC concell- 
trations are normal in the former and belonr 
normal in the latter? The absence of elevat- 
ed G C  at the time of study (as noted in my 
Perspective) is not a problem. The study of 
Sheline et al. ( 1  ) was not of depressives, but 
of ex-depressives. In the case of PTSD, it is 
not the period of the posttraumatic stress 
disorder that is the alleged culprit, but the 
~e r iod  of the traumatic stress itself. No one 
knows what G C  concentratlons are dur~ng 
a traumatic stress In a human, but 60 years 
of research suggests that concentrations ivill 
be elevated, a likelihood Yehuda amears to 
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accept. It 1s the hlppocatnpal atrophy- 
fo~lnd many years after the iwell-document- , , 
ed) GC hypersecretion seen in approxi- 
matelv half of deuressives and after the 
(likeli.) CG hypersecretion during the trau- 
matic stressors-that was so striking in 
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these studies. 
With regard to the relative brevity of 

the stress or:^ would not anticipate finding 
hippocarnpal atrophy in rape or accident 
victims. The literat~lre comes from combat 
veterans 12,  3)  and from individuals n'ith 
a history of childhood abuse (4). These are 
not traumas of brief duration, but of 
months to )ears. As the most expllcit ex- 
ample of thls, In one study (3)  the extent 
of atroph) was predicted by the severity of 
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the combat exposure, a measure reflecting 
repeated trauma (with questions such as "How 
often were you in danger of being injured or 
killed in the line of duty?') (5). ,4s Yehuda 
points out, all stressors and all stimuli of G C  
secretion are not the same, and durat~on of 
stress is certa~nly relevant. 

In  my Perspective, I raised a challenge to 
those studying the biological correlates of 
PTSD, which 1s to deterln~ne whether these 
correlates are a consequence of the trauma or 
if they predispose the individual towards be- 
ing in the subset of trauma victims who 
suffer PTSD. This issue confo~~nds  the  cur- 
rent discussion. However, among combat 
veterans both with and n'ithout PTSD ( 3 ) ,  
greater severities of combat exposure were 
associated with smaller hippocampi-thus, 
amid the complexities of trying to under- 
stand cause and effect in PTSD, it mas com- 
bat stress, and not the  subsequent PTSD in a 
subset of individuals, that was relevant to the 

instances of hippocampal atrophy. 
Yehuda notes an  earlier study that did 

not  find hippocampal atrophy in hypercor- 
tisolemic depressives. Tha t  1993 imaging 
study used magnetic resonance imagers 
(MRIs) with one-tenth the  resolution of 
current ones (5.0 versus 0.5 mm, respective- 
ly), and could not  distinguish hlppocampus 
from amygdala. It was the  development of 
newer MRIs that prompted the  current 
spate of stud~es. 

Yehuda notes that in considering the  
hippocampal atrophy in Cushing's disease, 
depression, and PTSD, "it is unlikely that a 
common etiology explains the  neuroana- 
tomical findings." I agree. T h e  closest ani- 
mal model for the  reversible atrophy in  the  
Cushing's patients is excitatory amino acid- 
dependent retraction of dendritic processes, 
ivhile the  closest model for the  more persis- 
tent atrophy in the  other two cases is neu- 
ron loss. 

Much more work is needed-given that 
there are now only a handful of human 
studies-particularly in differentiating be- 
tween depress~on with or ~ v i t h o ~ t  G C  hy- 
persecretion, 111 carrying out prospective 
st~ldies of trauma v~ctlins,  and in  determin- 
ing whether a c t ~ ~ a l  neuron loss has occurred 
in cases of persistent atrophy. 
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AAAS-Newcomb Cleveland Prize 
To Be Awarded for a Report, Research Article, or 

an Article Published in Science 

The AAAS-Newcomb Cleveland Prize is awarded 
to the author of an outstanding paper published in 
Scierzce. The value of the prize is $5000; the winner 
also receives a bronze medal. The current competition 
period began with the 7 June 1996 issue and ends with 
the issue of 30 May 1997. 

Reports, Research Articles, and Articles that in- 
clude original research data, theories, or syntheses and 
that are fundamental contributions to basic knowledge 
or are technical achievements of far-reaching conse- 
quence are eligible for consideration for the prize. The 
paper must be a first-time publication of the author's 
own work. Reference to pertinent earlier work by the 
author may be included to give perspective. 

Throughout the competition period, readers are 

invited to nominate papers appearing in the Reports, 
Research Articles, or Articles sections. Nominations 
must be typed, and the following information pro- 
vided: the title of the paper, issue in which it was 
published, author's name, and a brief statement of 
justification for nomination. Nominations should be 
submitted to the AAAS-Newcomb Cleveland Prize, 
AAAS, Room 1044, 1200 New York Avenue, NW, 
Washington, DC 20005, and must be received on or 
before 30 June 1997. Final selection will rest with a 
panel of distinguished scientists appointed by the 
editor-in-chief of Scierzce. 

The award will be presented at the 1998 AAAS 
annual meeting. In cases of multiple authorship, the 
prize will be divided equally between or among the 
authors. 




