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Hypothalamo-pituitary-adrenal (HPA)-axis activation is a response of the organism to psychological and physical stress, resulting in

elevated levels of glucocorticoids, mainly cortisol in humans. In our previous studies we found post-mortem blood and cerebrospinal fluid

(CSF) cortisol levels to be up to 20-fold higher than in vivo levels. Since clinical observations point to similar strong elevations of cortisol in

fatally ill patients, we suggested that the high post-mortem cortisol levels might be due to the stress during the process of dying. We

hypothesized that if the cortisol rise during dying is due to the psychological stress of the impending death, then the rise in cortisol should

be inversely proportional to the degree of dementia, and that high-dose morphine giving analgesia, sedation, and sleep would suppress

this response. Therefore, we measured the cortisol levels by radioimmunoassay (RIA) in the post-mortem CSF of 85 Alzheimer patients

and 52 controls. In addition, post-mortem serum cortisol of 17 subjects from the Alzheimer group and nine from the control group were

measured. The Alzheimer patients were subdivided according to their degree of dementia, as scored on the Reisberg Scale, before their

death. All groups were further analyzed for the effect of morphine treatment, as well as for the effects of the confounding factors like age,

gender, time, and season of death. Alzheimer patients had significantly higher cortisol levels than controls, both in CSF (mean (nmol/

l)7 SEM: 4827 32 vs 2857 30, respectively, po0.001) and in serum (28547 279 vs 15337 395, p¼ 0.011). Mean CSF cortisol level

of the severely demented Alzheimer group was even significantly higher than that of mildly demented group (5087 35 vs 2257 65,

p¼ 0.024) and controls (po0.001). Cortisol levels correlated positively with the degree of dementia in the Alzheimer group (r¼ 0.236,

p¼ 0.035). High-dose morphine did not cause a suppression of cortisol rise, neither in controls nor in Alzheimer patients. Our results

indicate that the extreme elevations of cortisol levels during dying are rather due to the organic stress of the organism than to

psychological stress of the patient, and is not suppressed by high-dose morphine.
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INTRODUCTION

Post-mortem cerebrospinal fluid (CSF) cortisol levels in
control subjects, Alzheimer patients (Swaab et al, 1994), and
multiple sclerosis patients (Erkut et al, 2002) are some 20-
fold higher than the levels found in in vivo lumbar puncture
CSF samples (Erkut et al, 2002; Devinsky et al, 1993; Wood,
1982; Uete et al, 1970). These observations are in line with
the studies reporting up to 5 to 15-fold increased blood
cortisol levels of critically ill-patients, such as patients with
septic shock or massive bleeding (Uete et al, 1970; Sandberg
et al, 1956; Jurney et al, 1987; Schroeder et al, 2001;
Lamberts et al, 1997; Aygen et al, 1997). Since a positive

correlation was observed between the degree of elevation of
endogenous cortisol levels and the survival rate in critical
disease conditions, the strong increase in endogenous
cortisol is presumed to be a protective reflex of the
organism against a fatal threat (Schroeder et al, 2001;
Lamberts et al, 1997; Aygen et al, 1997; Reincke et al, 1993;
Garcia Garcia et al, 2001; Shimada et al, 2000; Bollaert et al,
1998). High-dose glucocorticoids are, therefore, often used
as supportive medication for critically ill patients in
intensive care units (Shimada et al, 2000; Bollaert et al,
1998). It is not clear at present whether the drive behind this
rise in endogenous cortisol is the psychological stress of the
life-threatening condition or the physical stress that the
organism experiences due to deterioration of biological
functions.
Cortisol is the major glucocorticoid in humans, main-

taining the stress reaction of the body to all kinds of
physical and psychological discomfort. Increase in cortisol
secretion can take place very quickly, within minutes in
acute stress conditions, and can stay at high levels for long
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periods, sometimes days, months, and even years in chronic
disease conditions. The extent of cortisol rise to a stressor
can show great variations between different subjects in
similar conditions. Nevertheless, the ability of the organism
to respond to stressful conditions by regulating its cortisol
levels is seen as a sign of an effective defence system to
protect its homeostasis.
Stress during critical disease condition can be subdivided

into three components. Clinically, the most evident one is
the stress coming from the physical discomfort that the
patient experiences, such as pain and respiratory distress.
The second component, the psychological stress which is
mostly expressed as anxiety of the patient from being ill and
suffering from the consequences of this condition, adds to
the stress of the physical discomfort. The psychological
stress can be extended to the stress coming from being
aware of the fact that their condition can result in death.
The patient can experience this stress even in the absence of
severe pain or other physical discomfort. A third compo-
nent is the stress that the ‘organism’ experiences because of
organ and system failures resulting in deterioration of body
functions, leading to nonreversible destruction of homeo-
stasis and eventually to death. This component of stress,
which we call the organic (physical) component of stress of
death, is a basic response of all organisms, and would not
necessarily require the presence of the kind of conscious-
ness or awareness that we usually refer to as ‘higher cortical
functions’.
We hypothesized that if the extent of stress reaction

during the last pre-mortem periods (moribund stage)
would be predominantly due to the psychological agony
coming from the idea of dying, the cortisol rise during
this stage would be smaller in severely demented
Alzheimer patients when compared to that of mildly
demented patients or nondemented controls. We also
hypothesized that administration of high-dose morphine
during the last pre-mortem period would suppress the
cortisol rise induced by physical discomfort as well as by
psychological stress.

SUBJECTS, MATERIALS, AND METHODS

Cortisol levels in post-mortem CSF of 85 Alzheimer
patients and 52 nondemented controls were measured
by radioimmunoassay (RIA). Of the 26 of these subjects
(17 of the Alzheimer and nine of the control subjects),
post-mortem plasma was also available and cortisol
levels were measured in this compartment, too. Post-
mortem CSF and blood were collected in the framework
of the Netherlands Brain Bank (NBB, coordinator Dr R
Ravid), from patients from whom a written consent for
a brain autopsy and use of the material and clinical
information for research purposes had been obtained.
Subjects donating CNS material to the NBB are from
a broad spectrum of age, health state, and living conditions.
For example, Alzheimer patients and age-matched controls
used for the current study come from nursery houses,
homes for the elderly, university hospitals, or were subjects
living on their own with regular medical and nursary care.
The well-established family–doctor system of the Nether-
lands supplies good and reliable information on medical

state and medications of the subjects who were living on
their own. The medical files from the hospitals and
the family doctors were also available to the NBB. Blood
and ventricular CSF, obtained during autopsy, were
immediately centrifuged and the supernatants were stored
at �801C in 250–1000ml aliquots until used. Exclusion
criteria for all subjects used in this study were pre-mortem
corticosteroid treatment, sepsis, and massive hemorrhage.
Subjects with Parkinson’s changes were excluded on the
basis of the neuropathological examination of the
substantia nigra.
The diagnosis ‘probable Alzheimer’s disease’ was made

during life according to the NINCDS-ADRDA criteria
(McKhann et al, 1984). A global deterioration score of
6–7, according to the Reisberg Scale, was designated as
‘severely demented’ (n¼ 73) and of 4–5 as ‘mildly
demented’ (n¼ 12) (Reisberg et al, 1982). The controls
were not demented and did not have a primary neurological
or psychiatric disease. The brains of all subjects were
neuropathologically investigated in a systematic way,
following the guidelines of the US National Institute on
Aging for the definitive diagnosis of Alzheimer disease.
The criteria for the extent of the neuropathological
lesions were staged between 0 and VI according to Braak
and Braak (1991) in 51 of the controls and 78 of the
Alzheimer patients. The subjects were subdivided into
three groups of severely demented Alzheimer patients,
mildly demented Alzheimer patients, and controls
according to the Reisberg Scale. These groups were
further subdivided according to whether they were under
high-dose morphine treatment or not during the last 2
weeks of life. In total, 19 of the controls, four of the mildly
demented, and 50 of the severely demented Alzheimer
patients were treated with morphine. Administered dose
of morphine was minimum 15mg in 24 h for the last
pre-mortem day (range 15–1000mg/day), and the cumula-
tive doses for the last 3 days were between 60 and
1000mg. Medical information from the files of patients
revealed that all subjects, died either in a health and care
facility or at home, received medical care for pain and
physical discomfort.
Information on possible confounding factors, such as

clock-time of death, month of death, post-mortem delay
(PMD), storage period of the post-mortem material, sex,
age, and pH of the CSF (the latter as a measure of agonal
state at death, Ravid et al, 1992), was obtained from the
database of the NBB, and the association with cortisol levels
was investigated by ANOVA. Also the age of disease onset,
severity of dementia according to the Reisberg Scale,
severity of neuropathological AD changes according to
Braak and Braak, ApoE alleles of the patients, and brain
weight (brw) were tested for their associations with the
cortisol levels.
Total cortisol was measured in CSF and serum by

competitive immunoassay (DPC, USA) with an analytical
sensitivity of 0.2mg/dl (5.5 nmol/l). Interassay variation was
between 4 and 6%. The statistical differences between
groups were tested by one-way and multiple-way ANOVA
with post hoc test and by two-tailed Student’s t-test (with
Levene’s test for equality of variances). Correlations were
tested by Pearson’s test. A p-value of o0.05 was taken as
significant.
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RESULTS

Alzheimer patients (n¼ 85) had a significantly higher
mean cortisol level than controls (n¼ 52), both in the
CSF (mean (nmol/l)7 SEM: 4827 32 vs 2857 30, respec-
tively, po0.001) and in serum (n¼ 17 and 9; mean7
SEM: 28547 279 vs 15337 395, respectively, p¼ 0.011;
Figure 1a). The severity of dementia was positively
correlated to the CSF cortisol levels. Severely demented
Alzheimer patients had significantly higher mean cortisol in
their CSF when compared to mildly demented patients
(3257 65 vs 5087 35, p¼ 0.048) and to the controls
(po0.001; Figure 1b). Also the Reisberg Scales of Alzheimer
patients were positively correlated to CSF cortisol levels
(r¼ 0.236, p¼ 0.035). Neuropathological scaling according
to Braak, on the other hand, did not correlate with the
cortisol levels, neither in the Alzheimer patients nor in the
control groups (0.2opo0.6). There was no difference of
mean CSF cortisol between mildly demented Alzheimer
patients and controls (p40.5; Figure 1b). There were no
correlations between the ApoE alleles of the subjects and the
cortisol levels in either the Alzheimer or the control group
(p40.3).
Morphine administration was not associated with a

significant change in CSF cortisol levels, neither in controls
(p¼ 0.519) nor in the Alzheimer group (p¼ 0.167). Also no
effect of morphine on cortisol was observed in relation to
the severity of dementia (p40.4 in mildly and severely
demented Alzheimer groups; Figure 2). We did not observe
a correlation between the daily or cumulative doses of
morphine and cortisol levels (p40.1).
One-way ANOVA indicated a significant impact of gender

on cortisol levels in both groups. When analyzed in
subgroups divided according to disease, gender, and
morphine treatment (eight subgroups), there was a
significant difference between the groups by one-way
ANOVA (po0.001) and by post hoc tests. In general, in
both Alzheimer and control groups, female patients had
higher CSF cortisol levels compared to the male patients
(5257 40 vs 3727 49, p¼ 0.033 in the Alzheimer group
and 3377 43 vs 2137 37, p¼ 0.042 in the control group).
This sex difference in cortisol levels was more prominent in
nonmorphine treated patients, both in Alzheimer (2577 64
vs 5027 66, p¼ 0.028) and control (2207 47 vs 3757 63,
p¼ 0.06) groups. When analyzed separately, the mean age
of female patients was significantly higher than that of
male patients in the Alzheimer group (n¼ 61 and 24,
mean7 SEM: 82.27 1.2 and 73.67 2.5 respectively), but
not in the control group (n¼ 30 and 22, mean7 SEM:
76.97 2.4, and 75.67 2.8, respectively). ANOVA revealed,
however, no significant effect of age of the different genders
on cortisol levels in Alzheimer and control groups.
Although in both Alzheimer patients and controls, winter

was associated with rather lower levels of cortisol when
compared to autumn and summer, season of death did
reveal a significant effect only in the Alzheimer group,
between the patients who died in winter and autumn
(p¼ 0.025). ANOVA did not imply a further significant
effect of season of death on cortisol in any of the groups.
Another confounding factor, the clock-time of death
(analyzed in four periods of day as 2300–0500, 0500–1100,
1100–1700, and 1700–2300 h by one-way ANOVA), did not

affect the cortisol levels in the Alzheimer or in the control
group.
The mean PMD was significantly shorter in the Alzheimer

group in comparison to controls (2637 9 vs 4277 28min,
po0.001). However, there was no correlation between PMD
and cortisol neither in Alzheimer patients nor in the control
groups (ro0.2, p40.3). Therefore, this difference in PMD
will not have influenced our results. The pH of CSF was not
different between the groups, and did not correlate with
cortisol levels. When subjects were tested either altogether
or in subgroups, storage time of CSF did not correlate with
cortisol levels (p always 40.3). Age did not correlate with
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Figure 1 (a) Cortisol levels in the post-mortem serum and CSF of
Alzheimer patients and controls. Cortisol levels of Alzheimer patients were
significantly higher than those of controls, in both serum and CSF
(p¼ 0.011 and po0.001, respectively). (b) CSF cortisol levels in relation to
the presence and degree of dementia. Severely demented patients
(Reisberg Scale 6–7, n¼ 73) had significantly higher cortisol level than
mildly demented patients (Reisberg Scale 4–5, n¼ 12) (p¼ 0.048) and
nondemented controls (po0.001). Note that cortisol levels of mildly
demented Alzheimer patients did not significantly differ from those of
controls (p40.2).
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the cortisol levels either in Alzheimer or control groups, and
did not show any effect on cortisol levels according to
ANOVA (p always 40.1).
The mean brain weight of Alzheimer patients was

significantly lower than that of controls (10987 15 vs
12757 20 g respectively, po0.001). Also, when tested
separately, the brain weight of both severely demented
and mildly demented Alzheimer patients was lower than
that of controls (po0.001 and p¼ 0.035, respectively).
Moreover, the brain weight of severely demented patients
was lower than that of mildly demented patients (10867 15
vs 11717 47 respectively, p¼ 0.040).
The cortisol levels of blood and CSF strongly correlated

with each other in both groups (n¼ 9, r¼ 0.748, p¼ 0.020 in
controls and n¼ 17, r¼ 0.794, po0.001 in the Alzheimer
group; Figure 3). The blood/CSF cortisol ratio was similar in
control and Alzheimer groups (4.717 0.86 vs 5.077 0.27,
respectively, p40.6), indicating that serum cortisol is
represented in similar ratios in the CSF of the subjects in
all groups.

DISCUSSION

The post-mortem CSF cortisol levels in the current study
were some 15- to 20-fold higher than the in vivo lumbar
puncture levels reported in the literature, for both
Alzheimer patients and controls, which confirms our earlier
studies (Swaab et al, 1994; Erkut et al, 2002). In the present
study, post-mortem CSF cortisol levels highly correlated
with the post-mortem serum cortisol levels (Figure 3) with a
similar ratio between the two compartments for both
controls and Alzheimer patients, indicating that the
blood–CSF barrier for this hormone is intact in Alzheimer’s
disease. Unbound (free) serum cortisol, which constitutes
10–20% of total serum cortisol, is shared by other body fluid

compartments, including the CSF (Uete et al, 1970). The
strong correlation between serum and CSF cortisol in our
study with similar blood/CSF ratios indicates that the
integrity of the blood–CSF barrier and the relationship
between the two compartments is preserved during and
after the death of the subjects, and that the high post-
mortem CSF cortisol is a reflection of high free serum
cortisol levels.
We have observed similarly high post-mortem CSF

cortisol levels before in controls, Alzheimer patients, and
MS patients (Swaab et al, 1994; Erkut et al, 2002). The high
levels of cortisol during the moribund stage were also
observed by clinical researchers in different kinds of fatal
conditions (Sandberg et al, 1956; Reincke et al, 1993;
Schroeder et al, 2001). Since patients who cannot achieve a
cortisol rise during critical health conditions due to adrenal
insufficiency have significantly lower survival rates (Schroe-
der et al, 2001), the rise in endogenous cortisol in fatal
conditions is thought to help the patient to survive this
critical stage.
In order to see whether psychological stress is more

important than the organic (physical) stress for the
activation of the hypothalamo-pituitary-adrenal (HPA)-axis
during death, we have investigated whether the degree of
dementia was inversely correlated with the cortisol rise
during the moribund period. We observed, on the contrary,
that Alzheimer patients had an even more extreme rise in
their cortisol levels during dying, showing a significant 70%
higher mean levels of cortisol in the post-mortem CSF in
comparison to controls, which confirms earlier results
(Swaab et al, 1994). Moreover, severely demented patients
had higher cortisol levels than mildly demented or
nondemented patients. It is important to emphasize at this
point the difference between the higher basal cortisol levels
in demented patients, which is a 1.5- to 2.5-fold increase in
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Alzheimer patients in in vivo studies, and the cortisol rise
during dying, which is much higher, up to 20-fold, as
observed in Alzheimer patients and in controls in our post-
mortem studies. The significant, but rather mild, elevation
of basal cortisol in demented patients in vivo may come at
least partly from a decreased inhibition of CRH neurons by
the hippocampus, which is seriously affected by the
Alzheimer process (Herman and Cullinan, 1997), but also
partly from the psychological stress of being confused, lost,
or isolated. Difficulty to understand the cause and course of
their physical discomfort and pain may add to this stress.
Many of these patients are already suffering for a long time
from life-threatening health conditions, or are in the
terminal stages of deadly diseases. Yet, the psychological
stress of being in such conditions does not bring the cortisol
rise to the extremely high levels seen in our post-mortem
studies, until the death process really starts. Therefore, the
up to 20-fold increase of cortisol in post-mortem blood and
CSF of demented patients cannot be explained by the stress
coming from dementia. Our working hypothesis was that
the cortisol levels of these patients would stay at the basal in
vivo levels, that is, higher than the in vivo cortisol levels of
the controls, but much lower than the post-mortem levels, if
the psychological stress of dying was the main drive for the
strong cortisol release. Our results showed, however, that a
lower cognitive level and a decreased awareness of the
subjects to the ongoing threat to their lives did not result in
a decreased stress response during dying. Therefore, the
elevation of cortisol during dying seems not to be due to the
psychological stress of being in a critical life-threatening
condition. This conclusion was supported by the data
obtained from the subjects who were administered mor-
phine. The rise of cortisol levels during death was not
suppressed by high-dose morphine in either group.
Morphine had no significant effect on cortisol levels, also
when analyzed separately according to the severity of
dementia or the gender of patients. The clinical indication,
doses, and duration of high-dose morphine administration
for the subjects in our study varied. Morphine was mostly
given to quell the suffering from pain and discomfort, and
against anxiety and restlessness (Burns et al, 1992; Turner
et al, 1996, LeGrand et al, 2001). However, a number of
subjects in our study received much higher doses (up to
1000mg/day), by which the level of consciousness of the
patients, too, is changed. Morphine is shown to suppress
cortisol in a number of other studies, not only in control
subjects but also in psychologically or physically stressed
patients (Zis et al, 1984; Palm et al, 1997; Pokela, 1993).
Nevertheless, morphine-administered-moribund patients in
our study, who, therefore, should not suffer from pain and
physical discomfort, still had high levels of cortisol,
indicating that physical discomfort and accompanying
psychological distress did not play a major role in the
cortisol rise during dying. As a result, our findings support
the view that the extreme rise in cortisol during the
moribund period levels is mainly a reaction of the organism
to the deterioration of the biological functions, rather than
due to the psychological stress of the patient from being in
physical discomfort or in a critically ill condition.
One can argue that the level of cortisol rise as a result of

organic stress during a fatal condition is related to the
duration of the critical situation, the acceleration of shifting

from ‘critical state’ to the ‘process of dying’, and the ability
of the HPA-axis to respond to the biological stress, in order
to reach its individual ceiling for cortisol level. The pre-
mortem clinical data of the subjects showed that the average
duration in the critical state and the speed of deterioration
of vital functions were similar in the two patient groups in
our study. There were no sudden and unexpected deaths
due to, for example, accidents, and no deaths as a result of
massive bleeding or extreme infectious situations such as
sepsis among the subjects studied. Therefore, there were no
extreme health situations of the subjects during dying,
which would cause the very strong cortisol response. The
similar and reasonably low standard error of mean (SEM)
values for cortisol in all groups supports this conclusion
(Figure 1).
It must also be noted that cortisol levels in post-mortem

CSF did not show a correlation with the pH of the CSF,
neither in controls nor in Alzheimer patients. The pH of the
CSF is related to the agony of the patient in relation with the
respiratory distress during dying (Ravid et al, 1992). This
supports, once again, that respiratory stress does not play a
major role in the organic stress that leads to the strongly
increased cortisol levels in the last stage of life.
Various in vivo studies report higher basal plasma and

CSF cortisol levels in Alzheimer patients in comparison to
controls (Masugi et al, 1989; Miller et al, 1998; Stanwick
et al, 1998; Peskind et al, 2001), and in the severely
demented patients in comparison to mildly demented ones
(Masugi et al, 1989; Miller et al, 1998). These observations
are fully in line with the results from the current post-
mortem study. Therefore, our results indicate that the
increased HPA-axis responsiveness during death in Alzhei-
mer patients is proportional to the increased basal HPA-
axis activity levels that the patients had before the critical
situation started (Masugi et al, 1989), and that the higher
post-mortem cortisol levels of Alzheimer patients do not
mean that they suffered more during dying.
In conclusion, the stress of death, which leads to extreme

elevations in cortisol levels, is of an organic (physical)
nature more than a psychological one, as it is not inhibited
by increased level of dementia, and is not suppressed by
high-dose morphine administration.
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