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Cortisol is presumed to be a risk factor for stress- and age-related disorders, such as depressive disorder and
Alzheimer’s disease (AD). The aim of this study was to investigate the association of plasma cortisol concen-
tration with AD in presence or absence of comorbid depressive symptoms.

Plasma cortisol concentration was measured in 80 AD patients (35 of them with depressive symptoms), 27 el-
derly depressive patients without AD, and 37 elderly controls.

Compared to controls, a significant increase of mean plasma cortisol was found in AD patients but not in de-
pressive patients. Plasma cortisol was positively correlated with cognitive impairment in AD patients. We con-
firmed a U-shaped association between plasma cortisol and major depression and a linear association between
plasma cortisol and AD without depressive symptoms. Significantly increased relative risk of disease in people
with high plasma cortisol was found for AD with depressive symptoms and for AD with mild dementia.
Plasma cortisol reflects the degree of cognitive impairment in AD rather than the severity of comorbid depres-
sion. We confirmed that both hypercortisolemia and hypocortisolemia are associated with depressive disor-
der. Significant association between high plasma cortisol and AD was found, supporting the use of high plas-
ma cortisol as a component of a panel of biochemical markers for AD with depressive symptoms as well as AD
in the early stage of dementia development.
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Background

Depressive disorder and Alzheimer’s disease (AD) are ranked
among the major neuropsychiatric diseases. AD is the most
common neurodegenerative disease, characterized by progres-
sive patterns of cognitive and functional impairments; depres-
sive state in AD escalates the pre-existing suffering of patients.
Depression is one of the most frequent psychiatric complica-
tions of AD, affecting as many as 50% of patients [1-4]. A link
between AD and depression could create hypothalamic-pitu-
itary-adrenal (HPA) axis overdrive, neuroinflammatory mech-
anisms induced by stress, decreased serotonin levels, and dis-
turbances in many other signaling pathways [5,6].

Major depressive disorder is associated with changes in en-
docrine and metabolic factors, including monoamine deficits,
HPA axis dysfunctions, and inflammatory and neurodegenera-
tive alterations [7,8]. Excessive activation of the HPA axis was
observed in approximately half of individuals with depression,
which results in increased release of corticotrophin-releasing
hormone and, in some cases, sustained elevation of cortisol
[9-11]. Mean cortisol concentrations were found to be higher
in women than in men, and plasma cortisol concentrations in
men and women showed a parallel increase with aging [12-14].
Measurement of salivary, urinary, or serum cortisol levels re-
veal that depression is associated with hypercortisolemia in
older depressed subjects [15-20]. In contrast, other data indi-
cate that hyposecretion of cortisol in elderly patients may be
a feature of chronic depressive episodes, especially in males
[21]. Thus, in older people, depression is associated with an
imbalance of the stress system, resulting in either hypocort-
isolemia or hypercortisolemia, depending on specific patient
characteristics. Hypo- and hypercortisolemic depression may
represent different subtypes of depression [22]. The finding
that memory retrieval is impaired at very low and very high
cortisol levels, but not at intermediate levels, indicates that
both low and high cortisol concentrations may participate in
the same pathophysiology of the disease [23,24]. A relation-
ship between morning basal serum cortisol, as a measure of
HPA axis reactivity, and somatoform dissociative symptoms in
unipolar depressive patients was also described [25].

AD is associated with formation of neuritic plaques composed of
amyloid-B (Ap) oligomers and intraneuronal neurofibrillary tan-
gles composed of hyperphosphorylated tau protein. However, a
growing body of evidence shows that other factors could par-
ticipate in the pathophysiology of AD [26,27]. Cortisol plasma
concentration was found to be increased in AD; nevertheless,
the role of cortisol in the pathogenesis of AD remains the sub-
ject of controversy [28]. In AD subjects who had higher cortisol
levels in the early stage of the disease, an accelerated progres-
sion of the disease was observed [29]. Hypercortisolemia in AD
appears to be related to the clinical progression of the disease,
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but not to aging or length of survival [30]. It was confirmed that
higher levels of cortisol are not associated with cognitive de-
cline in older persons over a period of 6 years [31]. However,
elevated basal cortisol level predicted lower hippocampal vol-
ume and cognitive decline in Alzheimer’s disease over a 2-year
follow-up period [32]. Cortisol levels in AD patients seem to be
of prognostic relevance; the most severely demented patients
had the highest cortisol concentrations [33], and increased corti-
sol plasma levels have been associated with more rapid disease
progression in AD subjects [34]. However, a large prospective
study did not confirm the relation between serum levels of cor-
tisol and the risk of developing dementia or AD, which suggests
that morning serum cortisol is not a causal factor in the devel-
opment of dementia [35]. It was concluded that dysregulation
of the HPA axis in AD seems to be a consequence rather than
a cause of AD [36]; this was supported by observation that im-
provement of cognitive function was associated with decreased
saliva cortisol [37]. Nevertheless, significantly increased corti-
sol was included in a biomarker panel for diagnosis of AD [38].

There is an association between depression and dementia
[5,39]. Alteration in glucocorticoid steroids and hippocampal
atrophy is a link between depression and onset of dementia.
Depression with dementia appeared to lower performance
on cognitive tests [40] and treatment of depression led to im-
proved test performance [41]. Recently, it has been suggest-
ed that major depression could serve as a risk factor for de-
veloping AD — patients suffering from lifetime depression
have a 2-fold higher chance of developing AD and exhibiting
more AD-related neuropathology [5,42]. The role of depres-
sion in AD is likely to involve genetic vulnerability, brain dam-
age, and possibly psychological reaction to cognitive decline
[2,43]. Cerebrospinal fluid cortisol levels were no higher in de-
pressed than in non-depressed AD patients [44].

The nature of the association between late-life depression and
risk of AD is unclear. Although the stress and HPA axis activity
participate in the onset and progression of both depressive disor-
der and AD, it is not known if the pathophysiology of depression
in AD is the same as major depressive disorder without AD [45].
Thus, there are important reasons for research on cortisol concen-
trations in depression, AD, and depressive state in AD. We aimed
to investigate the association between plasma cortisol concen-
tration and depressive disorder and AD. Moreover, we analyzed
the association of high plasma cortisol with relative risk of AD.

Material and Methods

Subjects

Patients with diagnosis of depressive disorder and patients
with diagnosis of AD were recruited from the Department of
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Psychiatry of the First Faculty of Medicine of Charles University
in Prague and General University Hospital in Prague. The pa-
tients were asked to complete a data set relating to medical
history, personal habits, and use of medication.

Inclusion criteria for AD patients were: age >50 years; diagnosis
of probable AD according to NINCDS-ADRDA Alzheimer’s Criteria;
brain imaging (computed tomography or magnetic resonance
imaging) showing cortico-subcortical atrophy (atrophy in the
hippocampus and temporal lobe); no serious unstable somat-
ic disease and no alcohol abuse; brain imaging excluding any
other organic brain lesions (vascular changes, intracranial hem-
orrhage, etc.). Other causes of dementia were excluded, includ-
ing pseudo-dementia. Participants did not use oral glucocorti-
coids, sex steroids, or mineralocorticoids. Standard biochemical
survey was performed and persons with pathological levels of
minerals, urea, or creatinine were not included. The Mini-Mental
State Examination (MMSE) was used to screen for global cogni-
tive impairment in AD patients. Depressive symptoms, which are
included in behavioral and psychological symptoms of AD de-
mentia, were assessed us the Geriatric Depression Scale (GDS),
designed specifically for rating depression in the elderly [46].

Inclusion criteria for depressive subjects were: age above 50
years, with depressive episode without psychotic symptoms,
and with single or recurrent depressive episode. Diagnoses of
current depressive episode (F32) or recurrent depressive epi-
sode (F33) were confirmed by structured clinical interview for
ICD 10. Serious somatic disease or chronic somatic pharmaco-
therapy was not present; patients were without organic brain
disease, without cognitive impairment, and without abuse of
psychoactive substances. Severity of depression was assessed
using the 21-item Hamilton Rating Scale for Depression (HRSD-
21) and the Clinical Global Impression — Severity Scale (CGI-S).
Included participants had to have a score greater than 10 on
the HRSD and a score of 2 or more on the CGI-S. A negative
screen for bipolar disorder was found for all tested subjects
using the mood disorder questionnaire (MDQ) [47].

The control group consisted of normal healthy volunteers over
50 years old. To minimize age-related changes in life-style of
control subjects, actively employed persons and participants
of in the University of the Third Age were accepted as controls.
Controls were non-demented, non-depressed, and without any
organic brain disorders; they underwent a psychiatric exam-
ination and brain imaging in the same way as AD patients.

The study was carried out according to the principles ex-
pressed in the Declaration of Helsinki and the study protocol
was approved by the Ethics Review Board of the First Faculty of
Medicine of Charles University in Prague and General University
Hospital in Prague. After completed description of the study to
the subjects, written informed consent was obtained.
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Plasma cortisol measurement

Fasting blood samples were collected by venipuncture be-
tween 7:00 and 8:00 am (at least 1 h after awakening) for de-
termination of total plasma cortisol. Vacutainer® blood collec-
tion tubes were used, with EDTA as anticoagulant. Plasma was
separated immediately after blood taking and samples were
stored at —=70°C until the time of analysis. Quantitative de-
termination of cortisol in plasma was performed by competi-
tive immunoassay using direct chemiluminescent technology.
Centaur Cortisol reagent kit (Siemens Healthcare Diagnostics
Inc., Tarrytown, USA) and ADVIA Centaur analyzer (Siemens
Healthcare Diagnostics Inc., Tarrytown, USA) were used; the
cortisol assay used has an analytical sensitivity of 20 nmol/L,
the inter-assay coefficient of variation was <10%, and intra-
assay coefficient of variation was 7%. None of the samples
had concentrations of cortisol below the lower detection limit.

Data analysis

Statistical analyses were performed using the data analysis
software system STATISTICA (version 10.0, StatSoft, Inc., Tulsa,
OK, USA). The hypothesis that plasma cortisol concentrations
are normally distributed was tested by the Shapiro-Wilk W
test. All data presented are expressed as the mean + standard
deviation (SD). The “General Linear Model” module was used
to analyze all designs, including those that can be handled by
the Analysis of Variance (ANOVA), regression, or Analysis of
Covariance (ANCOVA) methods of analysis, and post-hoc com-
parison between means. Another way of looking at the unique
contributions of each independent variable to the prediction
of plasma cortisol concentration was to compute the partial
correlations (i.e., correlations between the respective indepen-
dent variable adjusted by all other variables, and the plasma
cortisol adjusted by all other variables).

The “high cortisol group” was operationally defined by plas-
ma cortisol concentration exceeding the normal mean value
plus 2 SD [48], corresponding to specificity greater than 0.97
for controls. Two-way contingency table analysis was used to
estimate the association of cortisol status with AD and/or de-
pression (i.e., odds ratio [OR], relative risk [RR], and sensitivity
were calculated with 95% confidence intervals [Cl]).

Results

Participants were grouped according to diagnosis into 3
groups: patients with AD (N=80), patients with depressive
disorder (N=27), and controls (N=37). AD patients were sub-
grouped to those with marked depressive symptoms (GDS
>7, N=35) and without marked depressive symptoms (GDS
<7, N=45). Demographic data are summarized in Table 1 and
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clinical evaluation and plasma cortisol concentrations are
shown in Table 2.

First, data normality was tested. The hypothesis that distribu-
tion of plasma cortisol concentrations is normal distribution
was not rejected by the Shapiro-Wilk W test for AD patients,
depressive patients, and controls. Thus, parametric statistics
were used for subsequent data evaluation.

Second, control for sex was performed. While slightly high-
er mean plasma cortisol concentrations were found in wom-
en compared to men in all tested groups, statistical analysis
(ANOVA and post-hoc Scheffé test) did not discover any sig-
nificant difference. Post-hoc p-levels for the Scheffé test were
0.063, 0.112, 0.307, 0.802, and 0.067 for AD, AD with depres-
sion, AD without depression, depressive disorder, and control,

Table 1. Demographic data of study participants.

Characteristic

Mean £SD (range)

With depression

Alzheimer’s disease
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respectively. Thus, data from women were evaluated togeth-
er with data from men.

Compared to controls, AD patients had significantly higher mean
plasma cortisol concentration (p=0.021), as did subgroups of
AD patients with depressive symptoms (p=0.044), but not in AD
without depression or in non-AD depressed patients (Table 2).
Significantly higher plasma cortisol was also found in AD pa-
tients compared to depressive patients (p=0.042).

General linear models were used for investigation of signifi-
cant interaction effects for plasma cortisol and both categor-
ical and continuous predictor variables. Association of plas-
ma cortisol with MMSE and GDS was studied in AD patients.
Association of plasma cortisol with HRSD score and CGI-S score
was assayed in patients with depressive disorder (without

PN x75 647.7 #476.146.8
gty (56-91) (62-87)
13.942.8 14.143.0
ool + +
Schooling (years) (8-18) (8-18)
**24.0+3.4 25.5+4.0
, _ .
ERULEE (18.7-36.3) (18.8-36.3)
N (women/men) 80 (49/31) 35 (21/14)

D:p resdswe Control
Without depression ESOICET
***75.1+8.4 59.1+5.1 63.2+7.6
(56-91) (53-69) (51-77)
13.84+2.7 13.3+2 13.9+2.0
(9-18) (9-18) (12-18)
**23.0+2.4 26.3+4.2 28.6+3.8
(19.6-30.2) (18.7-30.2) (23.7-33.9)
45 (28/17) 27 (21/6) 37 (29/8)

ANOVA and post-hoc Scheffé test were used to determine indicated p-level compared to controls; **p<0.01, ***p<0.001; SD — standard

deviation; BMI — body mass index

Table 2. Clinical evaluation of participants and plasma cortisol concentrations.

Characteristic

Mean £SD (range)

Alzheimer’s disease

Depressive

With depression

***6.0+3.7 **%9.742.1
GbS (1-13) (7-13)

**%19.246.8 **%19.846.5
MMSE - -

° (1-25) (1-25)
HRSD - —
CGI-S - -

. *556+135 *572+150
Cortisol (nmol/L) (253-876) (253-840)
N 80 35

disord Control
Without depression SOICEY
31413 B 0.3£0.8
(1-6) (0-4)
***18.8+7.1 29.5+0.9 29.4+1.0
(2-25) (27-30) (26-30)
_ 24.1+7.4 _
(11-39)
_ 4.4+1.0 _
(2-6)
543+123 478+170 479+112
(263-876) (179-786) (289-709)
45 27 37

ANOVA and post-hoc Scheffé test were used to determine indicated p-level; *p<0.05, ***p<0.001; GDS - Geriatric Depression Scale;
MMSE — Mini-Mental State Examination; HRSD — 21-item Hamilton Rating Scale for Depression; CGI-S — Clinical Global Impression —

Severity scale.
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Table 3. Relationships between plasma cortisol concentration, Mini-Mental State Examination (MMSE) score and Geriatric Depression
Scale (GDS) after nonadjusted and adjusted analysis in patients with Alzheimer’s disease (AD).

AD with depression

AD without depression

Variable
Regression coefficient 613 —3.7 2.2
A pvalie 0000 0096 058
Partial correlation 0188 0062
""""""" Regression coefficient 513 -36 20
B pvalle 0002 0109 0615
Partial correlation 0183 0058
""""""" Regression coefficient 603 *-5.1 29
C  pvate 0010 0023 0491
Partial correlation ~ *-0.264 0081

Intercept MMSE GDS Intercept MMSE
669 -1.7 -6.6 681 *-5.8 -9.6

0001 069 0621 0000 0023 0476
R 0069 -0087 0341 0110
388 04  -47 617  *-60  -131
0343 0935 0722 0001 002 0339
I 0014 0065  *-0352 -0.151
506 -38  -123 934 *-75 -1l
0287 0393 0331 0006 0008 0417
- 0164 -0187  *0414 0131

Model A: Unadjusted; Model B: Adjusted for age and sex; Model C: Adjusted for age, sex, years of schooling, and body mass index.

dementia). Control for age, sex, years of schooling, and body
mass index (BMI) was performed for all groups. Partial corre-
lation (a correlation between 2 variables that remains after
controlling for 1 or more other variables) was also calculated.

Multiple regression did not discover any significant regres-
sion coefficients in the group of depressive patients (i.e., none
of the independent variables contributes significantly to the
prediction of plasma cortisol in this group of participants). In
the control group we found significant association between
plasma cortisol and age only, with partial correlation adjust-
ed for sex equal to 0.419. However, we found a significant as-
sociation of plasma cortisol with MMSE score in AD patients
(Table 3). MMSE was identified as the most important predic-
tor of plasma cortisol both in the whole group of AD patients
(after adjustment for age, sex, years of schooling, and BMI) and
in the subgroup of AD patients without depressive symptoms
(apart from adjustment). After adjustment for confounding, p
values were unchanged or slightly decreased. The relation be-
tween plasma cortisol in AD patients and MMSE and/or GDS
was documented by partial correlation and regression coeffi-
cients of multiple linear regression analysis for model unadjust-
ed, adjusted for age and sex, and adjusted for age, sex, BMI,
and years of schooling (Table 3). The dependence of plasma
cortisol on MMSE score in AD patients is shown in Figure 1.

It was previously found that, in older people, the association be-
tween cortisol and depression is U-shaped [22]. Higher standard
deviation and range of plasma cortisol concentrations in non-
AD depressive patients (Table 2) indicates that both low and
high levels of cortisol are associated with depression. Quartiles
(i.e., values that divide the data set into 4 equal groups, each
representing a fourth of the population being sampled), were

1000
°® A
800 a ° g . 2 &
f AA
T Fe - * s ° &® °e
£ 600 = . — Fﬁ‘:
2 a, 0% -
2 ° -
E ° ‘ 2e, $ L. g &
S 400 L8 v "
= A A °
200
—&—AD with depressive symptoms
-o- AD without depressive symptoms,
0 T T T T T
0 5 10 15 20 25 30
MMSE

Figure 1. The linear regression plot of a plasma cortisol in
patients with Alzheimer’s disease (AD) against Mini-
Mental State Examination (MMSE) score. Comorbid
depressive symptoms were assessed by Geriatric
Depression Scale (GDS) and regression lines of
unadjusted model are shown for AD patients with
marked depressive symptoms (GDS >7) and without
them (GDS <7).

determined for the control group and they were used for data
separation in the group of AD or depressive patients. Relative
number of patients in each quartile is displayed on Figure 2,
which shows that the number of patients with depressive dis-
order increases at both ends of the plasma cortisol spectrum.
Thus, we confirmed a U-shaped association between plasma
cortisol and major depression. In contrast, AD patients with-
out depressive symptoms display a linear increase of the rel-
ative number of patients with increased plasma cortisol con-
centration. Distribution of relative number of AD patients with
depressive symptoms is more complex and may be due to su-
perposition of linear and U-shaped course.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




CLINICAL RESEARCH

Zvéfova M et al:
Cortisol in Alzheimer’s disease
© Med Sci Monit, 2013; 19: 681-689

60

—@—Depressive disorder
_ :_ AD with depressive symptoms
AD without depressive symptoms| o

0 A

20

Relative number of patients (%)
\b
\
\
\
» »
\
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Plasma cortisol (in quartiles)

AllAD:7.0 (0.98—55.9

AD without d.epressive symptoms: 3.5 (0.4-32.9)

AD with depressive symptom.s: 12.5(1.5-104.5)
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Depressive disorder: 4.5 (0.4-45.9)
-

0.1 1.0 10.0 100.0
0dds ratio (95% Cl)

Figure 2. Distribution of relative number of patients with
depressive disorder, Alzheimer’s disease (AD) with
depressive symptoms, and AD without depressive
symptoms according to plasma cortisol concentration.
Following quartiles determined for the control group
were used: Q =cortisol <404, Q,=404< cortisol <465,
Q,=465< cortisol <573, Q,= cortisol >573 nmol/L.

To express the utility of increased plasma cortisol concentra-
tion as part of a panel of biological markers of the disease, we
dichotomized data to those with “normal” and “high” plasma
cortisol. We chose 700 nmol/L plasma cortisol concentration,
which approximately corresponds to the mean value of the
control group increased by 2 SD, as the lower limit for “high”
cortisol concentration. In AD patients, the high cortisol concen-
tration (>700 nmol/L) was found in 16.3% (N=13) of the whole
group (N=80), 25.7% (N=9) of those with depressive symp-
toms (N=35), 8.9% (N=4) of those without depressive symp-
toms (N=45), 22.5% (N=9) of those with MMSE>20 and mild
dementia (N=40), and 10.0% (N=4) of those with MMSE <20
and moderate to severe dementia (N=40). Only 11.1% (N=3) of
depressive patients (N=27) and 2.7% (N=1) of controls (N=37)
fell into high plasma cortisol subgroups. Mean MMSE scores
were not significantly different in AD patients with high and
normal plasma cortisol.

The following relationships were analyzed using the odds ratio,
relative risk, sensitivity, and specificity (with 95% confidence
intervals) in the subjects with high plasma cortisol concen-
tration: (1) AD among subjects with AD and control subjects;
(2) AD without depressive symptoms (GDS <7) among these
and control subjects; (3) AD with depressive symptoms (GDS
>7) among these and control subjects; (4) AD with MMSE 20
among these and controls; (5) AD with MMSE <20 among
these and controls; and (6) Depressive patients among sub-
jects with depressive disorder and control subjects (Figure 3).
Test sensitivity was very low (below 0.30) for both AD and de-
pressive disorder. Specificity of 0.97 was calculated from val-
ues for controls. Significantly increased relative risk (RR) of
disease in persons with high plasma cortisol was found in AD

Figure 3. Association of between high plasma cortisol (>700
nmol/L) and Alzheimer’s disease (AD), AD without
depressive symptoms, AD with depressive symptoms,
AD with mild dementia and Mini-Mental State
Examination (MMSE) score >20, AD with moderate
to severe dementia and MMSE <20, and depressive
disorder. Significant association was found between
high cortisol and AD with depressive symptoms or AD
with mild dementia.

patients (RR=1.43, 95% Cl 1.16-1.74), in the subgroup of AD
patients with marked depressive symptoms (RR=2.15, 95% Cl
1.50-3.07) and in AD patients with mild dementia and MMSE
>20 (RR=1.95, 95% Cl 1.40-2.71).

Discussion

This study was designed to analyze an association of AD and/
or depression with plasma cortisol concentration. Multiple lin-
ear regression analysis was applied to learn which of the in-
dependent variables contributes most to the prediction of
plasma cortisol concentration. We examined the regression
coefficients to determine the strength of the relationship be-
tween plasma cortisol and the continuous determinants. Our
preliminary data support the role of cortisol as part of a pan-
el of biomarkers for depression [7] and age-related neurode-
generative diseases such as AD [38].

Previously, it was found that morning cortisol levels increased
30% between the ages of 40 and 80 years in a cross-sectional
study of more than 2000 randomly selected Canadian men [49],
concordant with the 20% elevation from age 50-89 years ob-
served in another large study [14]. In our study, we confirmed
significant positive partial correlation between plasma cortisol
and age in the control group (51-77 years old). However, we
did not find significant association of morning plasma cortisol
concentration with age in AD (56-91 years old) or in depres-
sive patients (53-69 years old), probably due to effects of the
disease on plasma cortisol. Age adjustment was performed in
data analysis to remove the confounding effect of age.
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We found slightly higher mean plasma cortisol concentra-
tions in women compared to men in all tested groups; how-
ever, statistical analysis did not confirm any significant differ-
ence. This enabled us to analyze data from women together
with data from men.

Mean plasma cortisol concentration was not increased in de-
pressive disorder compared to controls (Table 2). Normalization
of HPA axis hyperactivity after treatment with antidepressants
[50] and association of both hypo- and hypercortisolemia with
depressive disorder (Figure 2) may play a role in this. Our re-
sults supported previous finding that elevation of cortisol oc-
curs only in some individuals with depression and that there
is U-shaped association between plasma cortisol and major
depression [9,22].

We found significantly increased mean cortisol concentration
in AD patients (+16.1%) and in their subgroups compared to
healthy controls, similar to the findings of Laske et al. [51]
(Table 2). Plasma cortisol was increased by 19.4% in AD with
depressive symptoms and by 13.4% in AD without depression,
but the difference was not statistically significant. Our data
confirmed that there is a continuously increasing distribution
of number of AD patients without depressive symptoms with
increasing plasma cortisol (Figure 2). These results indicate
different roles of cortisol in AD and in depressive disorder.

We confirmed that depression is frequently comorbid with AD;
44% of AD patients also showed marked depressive symptoms.
Significant association was found between plasma cortisol and
MMSE in the whole group of AD patients after adjustment for
age, sex, years of schooling, and BMI, and in the subgroup of
AD patients without depressive symptoms apart from adjust-
ment (Table 3). Because GSD score was not significantly asso-
ciated with plasma cortisol, we suppose that plasma cortisol
is associated with degree of cognitive impairment in AD rath-
er than with comorbid depressive symptoms.

Significantly increased odds ratio or relative risk of disease in
subjects with high plasma cortisol was found in AD, in AD with
mild dementia, and in AD with depressive symptoms especial-
ly, but not in AD without depressive symptoms or in AD with
moderate to severe dementia (Figure 3). These results partially
support previous findings that there is no simple association
between plasma cortisol levels and clinical and cognitive as-
sessments obtained at the single assessment closest in time
to the plasma collection [34] and that depressive symptoms
may affect plasma cortisol in AD.

The strength of this study is the very rigorous diagnosis and
clinical evaluation of AD and depressive patients. The study has
several limitations. First, mean age was higher in AD patients
compared to controls or patients with depressive disorder, but
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we believe that it is not serious problem, because we did not
find significant association of plasma cortisol with age in AD
patients or in depressive patients. The increase of about 5%
of plasma cortisol concentration could be expected for the 12-
year difference of mean ages in our study [14,49]. We think that
adjustment for age in statistical data analysis is sufficient to
correct this discrepancy. Second, total plasma cortisol does not
represent the bioactive portion of cortisol that is available to
bind to receptors [22,52]; thus, total plasma cortisol does not
represent the complete picture of HPA axis activity. However,
this is not a problem, because hypercortisolemia in severe de-
pression appears to be driven largely by increased basal corti-
sol secretion that is dissociated from stimulation by adrenocor-
ticotropic hormone [48]. Third, blood samples were collected
only once; thus, cortisol concentrations may be influenced by
acute effects. This was because our study was designed to
determine an association of single plasma cortisol measure-
ment with clinical assessment and/or to evaluate usefulness
of once-measured high plasma cortisol as part of a panel of
biological markers of the disease. Nevertheless, blood taking
was performed at least 1 hour after awakening to avoid the
morning peak of cortisol. Another possible limitation is inter-
ference by current pharmacotherapy of depressed or AD pa-
tients. AD patients were treated by reversible acetylcholin-
esterase inhibitors and/or by N-methyl-D-aspartate (NMDA)
receptor antagonists, and by other drugs according to their so-
matic illnesses; those with co-morbid depression were usual-
ly treated with antidepressants as well. However, responders
using oral glucocorticoids, sex steroids, or mineralocorticoids
were excluded from the study to minimize the confounding
effect of pharmacotherapy on plasma cortisol.

Most of the AD patients in our study were in early stages of
the illness. We suppose that some of these AD patients with
current mild dementia will be repeatedly tested in future to
obtain data for longitudinal study of cortisol levels during pro-
gression of AD.

Evidence has been accumulating about the role of stress and
HPA axis activity as an important challenge to the onset and
progression of depressive disorder and AD. The hippocampus,
one of the areas of the brain damaged during both depressive
disorder and AD, was recognized as a target of neurotransmit-
ters, cytokines, and stress hormones, including cortisol. Our
preliminary study confirms that increased plasma cortisol in
AD is relatively little affected by comorbid depressive symp-
toms and that there is an association between plasma cortisol
concentration and cognitive impairment in AD without depres-
sive symptoms. However, much additional work has to be done
to establish plasma cortisol as a reliable biomarker. Future re-
search evolving from our preliminary work may include multi-
ple blood sampling from each subject, simultaneous measure-
ment of several biomarkers of AD and/or depressive disorder,
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and a longitudinal study. Such research could contribute to the
debate on whether depression is a risk for AD and vice-versa,
and whether cortisol plays a causal role in this relationship.

Conclusions

Mean plasma cortisol concentrations were increased in AD
compared to controls; the increase was only slightly higher in
AD with depression compared to AD without depression. Mean
plasma cortisol did not change in depressive disorder without
AD and was not correlated with severity of depression. Plasma
cortisol reflects MMSE-assessed degree of cognitive impair-
ment in AD rather than the severity of comorbid depression.
We confirmed a U-shaped association between plasma corti-
sol and major depression — both low and high concentrations
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of cortisol are associated with increased prevalence of depres-
sive disorder in elderly people. In contrast, we discovered a lin-
ear increase in distribution of AD patients without depressive
symptoms with higher plasma cortisol, indicating that hyper-
cortisolemia, but not hypocortisolemia, is associated with AD.
A significantly increased relative risk of the disease in peo-
ple with single measured high plasma cortisol was found in
the subgroup of AD patients with depressive symptoms and
in AD patients with mild dementia. High plasma cortisol may
be an important component of a panel of biochemical mark-
ers of AD with comorbid depression.
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