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Abstract

Introduction: Depressive symptoms are associated with
Alzheimer’s disease (AD), but their neurobiological and
neuropsychological correlates remain poorly under-
stood. We investigate if depressive symptoms are as-
sociated with amyloid (AB) pathology and cognition in
predementia AD. Methods: We included subjective
cognitive decline (SCD, n = 160) and mild cognitive
impairment (MCl, n = 192) from the dementia disease
initiation cohort. Depressive symptoms were assessed
using the Geriatric Depression Scale (GDS-15). AB pa-
thology was determined using cerebrospinal fluid (CSF)

AB4y/40 ratio. Associations between depressive symptoms
and cognition were assessed with logistic regression.
Results: Only the A negative MCI group (MCI-AB-) was
associated with depressive symptoms (odds ratio [OR] =
2.65, p =0.005). Depressive symptoms were associated with
worse memory in MCI-AB— (OR = 0.94, p = 0.039), but with
better performance in MCI-AB+ (OR = 1.103, p = 0.001).
Conclusion: Our results suggest that depressive symptoms
in MCI are neither associated with Af3 pathology, nor AD-
associated memory impairment. However, memory im-
pairment in non-AD MClI may relate to depressive

symptoms. © 2024 The Author(s).
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Introduction

Depression and Alzheimer’s disease (AD) are
common and often co-occur in older adults. Both are
major public health problems causing disability and
impaired quality of life among patients and caregivers
[1]. Prevalence’s of depression in dementia due to AD
have been reported ranging from 5 to 48% [2]. Some
studies also find that depression is frequent at the
proposed prodromal mild cognitive impairment
(MCI) stage of AD [3]. Findings indicate that de-
pressive symptoms may be a risk factor [4] or a
prodromal facet of AD [5] and relate to an increased
progression rate to dementia. Moreover, depressive
symptoms and the experience of subjective cognitive
decline (SCD) in cognitively normal individuals have
been linked to independent risk of future MCI and
dementia due to AD [6]. However, the role of de-
pression and its neurobiological correlates on the AD
continuum are still poorly understood. Associations of
depressive symptoms to AD pathology, neuro-
inflammation and cerebrovascular lesions have been
discussed, but findings are inconclusive. Depressive
symptoms have shown associations to both more and
tewer signs of AD pathology in PET and structural
MRI studies [5, 7-10]. It has been suggested that
depressive symptoms may be linked to risk of vascular
dementia (VaD) rather than AD [11]. For cerebro-
spinal fluid (CSF) AD markers, no significant asso-
ciations to depressive symptoms have been demon-
strated in neither mild dementia [12, 13], MCI [14]
nor SCD [13, 15]. Similarly, in a previous study from
our group, based on a small cohort, increasing de-
pressive symptoms were associated with less severe
CSF AD-specific changes in patients with SCD and
MCI [7].

Only a few studies have investigated associations
between depressive symptoms and Af3-pathology in
predementia cases and interpretation has been ham-
pered by small sample sizes and older adults. Moreover,
MCI may include patients with considerably varying
underlying or comorbid diseases, including depression
and vascular pathology [16]. To shed light on the pu-
tative role of depressive symptoms in predementia AD,
we assessed the associations of depressive symptoms and
Af3-pathology as determined by CSF AP,/ ratio in a
large cross-sectional sample of participants (n = 352)
with SCD (n = 160) and MCI (n = 192). In addition, we
also measured the associations between depressive
symptoms and neuropsychological performance in the
presence or absence of Af3-pathology in both SCD and
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MCI. As far as we know no previous research have
investigated the role of depression and neuro-
psychological performance with a more sensitive and
specific marker (AP4/40 ratio) in a younger cohort with
SCD or MCIL

Methods

Subjects

A total of 352 participants recruited between 2013 and 2020
were included from the Norwegian national multicenter study
dementia disease initiation. The sample comprised SCD (n = 160)
and MCI (n = 192) cases. Inclusion criteria were ages 40-80 years
and a native language of Norwegian, Swedish, or Danish. Exclusion
criteria were brain trauma or disorder, including clinical stroke,
dementia, severe psychiatric and/or somatic disease that may
account for symptoms, intellectual disability or other development
disorders. For a detailed description of the cohort, see Fladby
et al. [17].

Assessment

MCI was classified according to the NIA-AA criteria, which
require the presence of subjective cognitive impairment or de-
cline in combination with lower performance than expected in
one or more cognitive domains, yet preserved independence in
functional ability and not fulfilling the criteria of dementia [18].
Participants were classified as SCD according to the SCD-I
framework, which requires normal objective cognitive perfor-
mance on standardized neuropsychological tests while experi-
encing a subjective decline in any cognitive domain [6]. The
criterion for MCI was a score of 1.5 standard deviations or more
below the normative mean on at least one of the cognitive do-
mains included in the cognitive test battery: Delayed verbal recall
(Consortium to Establish a Registry for Alzheimer’s Disease
[CERAD] word list test) [19, 20], divided attention (Trail Making
Test part B (TMT-B) [21, 22], language/verbal fluency (Con-
trolled Oral Word Association Test (COWAT) [22, 23], and
visuoperception (Visual Object and Space Perception Battery
[VOSP] silhouettes) [24]. Symptoms of depression were assessed
using a 15-item version of the Geriatric Depression scale (GDS-
15). We used the recommended cut off >6 to indicate symptoms
of depression [25].

Amyloid CSF Measurement and Study Design

CSF samples were obtained by lumbar puncture using a
standardized protocol. Lumbar puncture was performed before
noon, and CSF was collected in polypropylene tubes (Thermo
Nunc) and centrifuged within 4 h at 2,000 g for 10 min at room
temperature. The supernatant was transferred to new tubes and
frozen at —80°C prior to analysis. All CSF samples were analyzed
at the Clinical Molecular Biology (EpiGen), Medical Division,
Akershus University Hospital, and samples from other sites were
frozen before sending to this laboratory. The QuickPlex SQ 120
system from MesoScale Discovery (MSD, MD, USA) was used to
measure APy, and APy in a multiplex setup using V-plex Ab
Peptide Panel 1 (6E10) kit (K15200E-1). The analyses were
carried out according to the manufacturers’ procedures. The
concentration ratio of CSF APy, to APy (APazs40 ratio) have
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Table 1. Between-group comparisons of demographic, clinical and neuropsychological data

Variables SCD groups MCI groups
SCD AB- SCD AR+ t/U/x?, d/n?, MCI AB- MCI AB+ t/U/x?, d/n?,
(n =109) (n =51) (p value) (n =93) (n =99) (p value)
Age, mean (SD), years ~ 60.0 (8.4) 69.0 (6.7) t=6.66,d=129 61.1 (66.8) 66.8 (7.8) t=4.51,d=0.65
(<0.001) (<0.001)
Female, n (%) 57 (52.3) 26 (51.0) X2 = 0.02, (n.s) 51 (54.8) 47 (47.5) X2 = 1.0, (ns.)
Education years, 14.0 (2.9) 13.7 3.1) t = 0.60, (n.s.) 13.5 (3.1), 13.7 34) t =040, (ns.)
mean (SD) 15,4 (3,6)
MMSE, median (IQR) 30 (1) 29 (2) U=2216,n= 29 (3) 27 (3) U =2221,n?=0.21
0.03 (<0.05) (<0.001)
CERAD Recall T, 499 (8.7) 482 (11.2) t=1.02 (ns) 37.1 (10.8) 32.0 (9.5) t=3.56,d =052
mean (SD) n =108 n=97 (<0.001)
TMT-B T, mean (SD) 50.7 (8.1) 484 (9.7) t=161, (ns) 41.2 (13.4) 39.0 (12.0) t=1.17,(ns)
n =50 n = 89 n =92
COWAT T, mean (SD) 51.8 (9.0) 53.6 (9.7) t=1.11, (ns) 423 (9.3) 45.6 (10.0) t=236,d=
n =108 n =49 n = 98 0.34 (<o‘05)
VOSP T, mean (SD) 53.0 (10.5) 51.6 (8.0) t=0.79, (ns.) 45.3 (11.6) 43.8 (11.3) t=0.89 (ns.)
n =103 n =49 n = 88 n =95
A/T pathology, n (%)
A-/T— 103 (94.5) - 81 (87.1) -
A-/T+ 6 (5.5) - 12 (12.9) -
A+T— - 20 (39.2) - 29 (29.3)
A+T+ - 31 (60.8) - 70 (70.7)

SCD, subjective cognitive decline; MCl, mild cognitive impairment; AB+/—, presence or absence of amyloid pathology; n, sample size; SD,
standard deviation; IQR, interquartile range; n.s., nonsignificant results; t, t test statistic, T, T-scores; U, Mann-Whitney U statistic; d, Cohen’s d; A—,
AR negative; A+, AP positive; T—, tau pathology negative; T+, tau pathology positive; —, no cases.

shown to improve diagnostic accuracy of AP plaque pathology as
compared to using AP, alone [26] and was therefore used to
determine AP plaque pathology. An optimum cut-off for AB,/40
ratio at <0.077 was determined following using receiver operating
curve analysis using visual read of [18F]-flutemetamol PET scans
as the standard of truth [27]. SCD and MCI participants were
assigned to four subgroups according to Ap status: (1) SCD Ap—
(n=109), (2) SCD AP+ (n=51), (3) MCIL AB- (n = 93), (4) MCI
AB+ (n = 99). In addition, we tally cases with or without tau-
tangle pathology as measured by CSF phosphorylated taul8l
(Innotest, Fujirebio, Ghent, Belgium) (p-taul81 with an inhouse
laboratory cut-off at >65). These are grouped as positive or
negative for either amyloid and tau-tangle pathology yielding
four different groupings: A—/T—, A-/T+, A+/T—, and A+/T+. See
Table 1 for details.

Statistics

Statistical procedures were performed with R version 4.0.2
[28] and plots were created with the ggplot2 package [29]. First,
descriptive comparisons between SCD AP+/— and MCI AB+/—
groups were performed. Independent sample ¢ tests were used
for continuous variables with assumed normal distributions,
whereas Mann-Whitney U tests were used for non-normal
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distributions. The binary variable “sex” was analyzed with a
x> test. Effect sizes for ¢ tests (Cohen’s d) and Mann-Whitney U
(n?) were reported for significant between-group differences
(p < 0.05). Next, logistic regression was used to assess the
likelihood of having symptoms of depression (GDS-15 > 6) in
the four different symptom groups specified in the method
section (SCD AP—-, SCD AP+, MCI AP-, and MCI Ap+). Ini-
tially, the demographic variables age, sex and years of education
were assessed in separate univariate regression models. Sig-
nificant associations then passed to multivariate regression
models. We also evaluated similar analyses for A/T groups;
however, A/T group numbers were deemed to low within the
SCD and MCI groups for reliable statistical analyses. Lastly,
univariate logistic regression models were fitted to assess the
association of cognitive domains (i.e., memory recall, executive
functions, verbal fluency, and visuoperception) with symptoms
of depression within Ap+/— SCD and MCI groups.

Adjustment for multiple testing (Bonferroni-Holm) for the
latter analyses was only considered if >1 cognitive tests were
significantly associated with symptoms of depression within the
pertinent symptom group (i.e., SCD/MCI Ap+/-). Results from
the logistic regression models are presented with odds ratios
(ORs), 95% confidence intervals (CIs) and p values.
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Table 2. Univariate and multivariate logistic regression models,
associations between demographics and symptom groups to
symptoms of depression (GDS >6)

Univariate models

OR 95% Cl p value
Age 0.962 0.927-0.998 0.038
Years of 0.907 0.810-1.009 0.078
education
Sex 0.938 0.483-1.819 0.849
SCD Ap- 0.950 0.448-1.906 0.888
SCD Ap+ 0.282 0.045-0.965 0.088
MCI AB- 2910 1.476-5.717 0.002
MCl AR+ 0.507 0.200-1.125 0.118

Multivariate model

OR 95% Cl p value
MCI Ap- 2.651 1.327-5.265 0.005
Age 0.970 0.934-1.007 0.112

GDS, Geriatric Depression Scale; SCD, subjective cognitive
decline; MCI, mild cognitive impairment; Ap+/—, presence or
absence of amyloid pathology; OR, odds ratio; Cl, confidence
interval. Significant results (p < 0.05) are highlighted in bold.

Results

Between-Group Comparisons in Cognition and

Demographics

Between-group comparisons are detailed in Table 1.
When comparing depressive symptoms in the SCD and
MCI, independent of AP status, no significant differences
were found between the groups (p = 0.126). SCD AP+ cases
had slightly lower scores on MMSE as compared to SCD
AB- (p < 0.05) but performed similarly on other cognitive
measures. MCI AR+ cases performed worse on both the
MMSE (p < 0.001) and CERAD recall tests as compared to
MCI AB- (p < 0.001), were similar on the TMT-B and VOSP
silhouettes test but performed slightly better than MCI Ap-
on the COWAT verbal fluency test (p < 05). Both the SCD
AP+ (p <0.001) and MCI A+ (p < 0.001) groups were older
than their respective Ap— groups. No differences in edu-
cation or sex distributions between groups were found.

Likelihood of Having Depressive Symptoms in SCD

and MCI Groups

The logistic regression models are detailed in Table 2
and comparisons of frequencies of GDS >6 between
groups are shown in Figure 1. The initial univariate lo-
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gistic regression models showed that lower age (OR =
0.962, p = 0.038) was associated with depressive symp-
toms, and that only the MCI AB— group had significantly
higher likelihood of having depressive symptoms (OR =
2910, p = 0.002). A subsequent multivariate logistic
regression model found that the MCI AP— was associated
with symptoms of depression (OR = 2.651, p = 0.005),
after adjusting for the effects of age (OR = 0.970, p =
0.112). Also, in the SCD group, depressive symptoms
were more common in the AB— (11%) compared to the
AB+ (3.9%), but the difference was not significant.

Associations between Cognitive Domains and

Depressive Symptoms within SCD and MCI Groups

The logistic regression models pertaining to cognitive
tests are detailed in Table 3 and illustrated in Figure 2. No
associations between symptoms of depression and per-
formance on the cognitive tests were demonstrated
within the SCD AB- and SCD AP+ groups. Within the
MCI AB- group, lower CERAD memory recall perfor-
mance was associated with symptoms of depression
(OR = 0.939, p = 0.039). In contrast, higher CERAD
memory recall performance was associated with symp-
toms of depression within the MCI Ap+ group (mean age:
64, SD: 7.37; mean education: 15.4, SD: 3.6) (OR = 1.103,
p =0.001). The MCI AP+ (mean age: 67, SD: 7.86; mean
education, 13.6, SD: 3.41) group without depressive
symptoms were older with less education.

Discussion

In this cross-sectional study, we investigated the rela-
tionship between depressive symptoms and A pathology in
SCD and MCI. We found that depressive symptoms were
significantly higher in the MCI A- group compared to the
MCI AB+ but there was no significant association of Af in
the SCD AB—/+ groups. Moreover, whereas poorer memory
recall was associated with symptoms of depression in the
MCI AB-, better memory recall was related to symptoms of
depression in the MCI AP+ group.

While many have suggested pertinent roles of de-
pression in the AD-continuum, the association between
AD-pathology and depressive symptoms has been con-
flicting. Studies have suggested that clinical depression
may have pertinent roles in the AD-continuum, as risk
factor (depression early in life) [4], as part of the pro-
drome of AD [3, 5] and also in the dementia phase of AD
[30]. However, most studies do not find relationships
between AD pathology and depressive symptoms in
preclinical, prodromal, or even mild dementia [31].
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Fig. 1. Shows the associations between AP pathology and depressive symptoms in SCD and MCI cases. a Logistic
regression odds ratios (ORs) (95% CI) associated with symptoms of depression (GDS-15 scores >6) * indicates
variables included in the final multivariate analyses. Vertical dotted line as reference for OR = 1. b Relative
percentages of GDS-15 scores >6 between groups.

Table 3. Univariate logistic regression models, associations with cognitive tests and symptoms of depression (GDS >6) within

symptom groups

SCD AB-

SCD AR+

MCI AB-

MCl AB+

CERAD word list recall

1.007 (0.936-1.082)

1.045 (0.919-1.082)

0.939 (0.877-0.992)

1.103 (1.026-1.195)

T-scores p = 0.842 p =0.536 p = 0.039 p = 0.001

TMT-B T-scores 0.939 (0.856-1.017) 1.113 (0.954-1.337) 1.007 (0.967-1.051) 0.967 (0.905- 1.032)
p = 0.146 p = 0.193 p = 0.741 p =0.315

COWAT T-scores 1.054 (0.988-1.129) 0.893 (0.701-1.054) 1.014 (0.960-1.072) 0.964 (0.885-1.042)
p=0.111 p = 0.249 p = 0.600 p = 0.369

VOSP Silhouettes 1.057 (0.987-1.464) 1.168 (0.972-1.499) 1.021 (0.973-1.074) 1.023 (0.955-1.107)

T-scores p = 0.144 p=0.127 p = 0407 p = 0.545

Results are given as OR (95% Cl) and p values. GDS, Geriatric Depression Scale; SCD, subjective cognitive decline; MCI, mild
cognitive impairment; AB+/—, presence or absence of amyloid pathology; CERAD, consortium to establish a registry for Alzheimer’s
Disease; TMT-B, Trail Making Test part B; COWAT, controlled oral word association test; VOSP, visual object and space perception

battery; OR, odds ratio; Cl, confidence interval. Significant results (p < 0.05) are highlighted in bold.

Our study investigated general depressive symptoms as
measured by the GDS-15, but more specific neuropsy-
chiatric symptoms (NPSs) may be more common in the
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AD-continuum [32] and since depressive symptoms did
not seem to be related to our MCI AP+ cases other NPS
might have been reported more frequently in our
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Fig. 2. Visual representation of the significant CERAD word list
memory recall associations with probability for symptoms of
depression (GDS >6) in MCI AB+ (gray dotted line) and mild MCI
ApB- (black dotted line), respectively.

group. According to Aalten, Verhey, Boziki, Bullock,
Byrne, Camus, Caputo, Collins, De Deyn, and Elina [33]
apathy is the most common and persistent symptom in
AD. Apathy has also been associated with MCI and an
increased risk of developing AD dementia. A longitudinal
study found that amnestic MCI patients with apathy, not
depression, had a 7-fold risk to progression to AD, in-
dicating an important role in conversion [34]. Further,
one small study found that increased apathy in MCI is
associated with greater amyloid burden as measured by
PiB PET [35].

Moreover, it has been reported that amyloid positive
individuals may have a later age of onset of first major
depressive episode and less total number of major de-
pressive episodes than amyloid negative individuals [36].
However, in this present study we did not control for the
age of onset thereby making it difficult to draw any
conclusion of possible subtypes of late life depression.
Also, at a more advanced stage of MCI AB+ some patients
may become less aware of their impairments [37] and
thereby reporting fewer depressive symptoms. Lack of
awareness has also been negatively associated with high
scores on the Geriatric Depression scale [38]. There might
also be some difficulties for some patients in the MCI A+
to report depressive symptoms due to problems of recall.
In one study, poorer memory was associated with fewer
self-reported depressive symptoms on the Beck De-
pression Scale (BDI).

Depressive Symptoms Are Not Associated
with Predementia Amyloid Pathology

While the MCI AP+ cases did not have significantly
increased depressive symptoms, increased depressive
symptoms in this group were associated with better
memory performance. This may be related to the fact
that these cases were both younger and more educated
compared to MCI AP+ without depressive symptoms.
Higher educational attainment has been related to
increased cognitive reserve, were some individuals are
more resilient to neuropathology and remain clinically
intact for longer periods [39]. Associations of de-
pressive symptoms with non-AD MCI (MCI Af-)
pathology suggest that depressive symptoms may be
driven by other than AD typical mechanisms. Although
depression is primarily a mood disorder, cognitive
complaints and impairments are frequently associated
with depression and are referred to in the ICD 10
criteria of depression [40]. Indeed, we demonstrated
that depressive symptoms in the MCI AP- group were
associated with lower scores on delayed verbal recall.
This is in accord with findings suggesting that indi-
viduals with MCI and depression perform poorer on
memory tasks than nondepressed patients with MCI
[41]. Moreover, studies also show that depressive
symptoms may have an adverse effect on immediate
recall of new information. Conradi, Ormel, and De
Jonge [42] reported that cognitive problems were
present in 85-94% during a depressive episode but
lowered to 39-44% during remission. This suggests that
remission of depressive symptoms may improve cog-
nitive functions. Thus, some of the patients in our MCI
Af3— group may show improvements in memory per-
formance coinciding with remission.

Self-reported depressive symptoms may in some cases
be better explained by other factors such as psychosocial
or environmental factors or other biological factors. In
the elderly, depressive symptoms may have many causes,
for instance loss of relatives and friends, social isolation,
bereavement, poor physical health, and low economic
status [43].

Some studies have also indicated that depressive
symptoms may be associated with vascular disease and
VaD [44] and in particular in comparison with AD
dementia [45, 46]. While some studies have shown that
depressive symptoms may be linked to MCI [2, 3], less is
known about the role of depressive symptoms in MCI due
to cerebrovascular pathology as compared to MCI due to
AD. Thus, some of the MCI AB- cases may comprise
MCI due to VaD rather than AD.

We found no significant associations with depressive
symptoms in neither AR+ nor Ap— SCD patients. Im-
portantly, this suggests that increased depressive
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symptoms are not a primary characteristic of preclinical
AD. These findings are generally in line with previous
reports [7, 13], indicating that depressive symptoms may
not be associated with AD pathology in neither pre-
clinical nor prodromal stages. Moreover, a recent large
multicohort study (that also includes cases from the DDI
cohort) found that amyloid pathology was associated
with lower frequency of depressive symptoms, partic-
ularly in memory clinic recruited SCD cases, and no
association in cases recruited from community samples
[15] suggesting that medical help-seeking SCD with
symptoms of depression to a large degree may represent
a non-AD condition. Indeed, we have previously re-
ported that medical help seeking due to SCD in DDI
seems to represent AP— cases with depressive symptoms,
and nondepressed AP+ cases [47]. There are multifac-
torial causes of subjective cognitive difficulties and a
high prevalence rate of such difficulties in the general
population, ranging from 25 to 50% [48]. Even in
memory clinic cohorts, SCD tends to be a benign
condition with low association to pathological AD
markers and low frequency of progression to dementia
[49]. Evidence of amyloid plaque pathology in SCD has
been shown as a predictor for future cognitive decline
[50]. This suggests that biomarkers play an essential role
in identifying patients with the highest risk of devel-
oping future MCI and dementia due to AD. This is of
importance since the magnitude of depressive symptoms
between SCD AP+ and SCD AP- did not differ in our
study, and the presence or absence of depressive
symptoms does not seem a viable marker of SCD due to
preclinical AD. While both the MCI and SCD A+ cases
are more likely to develop future cognitive impairment
and dementia due to AD than their AB— counterparts,
the role of depressive symptoms in both SCD and MCI
cases without amyloid pathology need to be further
assessed through longitudinal studies. Of note, there
may be role of depression in the context of vascular
lesions in non-AD MCI that should be investigated.
Moreover, while A/T groupings were deemed to low
within in our SCD and MCI subjects for reliable sta-
tistical analyses. We also note that while more MCI cases
(70.7%) had concurrent CSF determined amyloid and
tau-tangle pathology (A+/T+), MCI diagnoses (60.8%)
were also more frequent in the A+/T-group. This sug-
gests that cognitive impairment is associated not only
with increased CSF tau concentrations. Indeed, observed
percentages of clinical impairment within these groups
align with recent reports suggesting that CSF tau con-
centrations could point to AD-subtypes [51], rather than
solely as a measure of disease severity. These AD-
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subtypes are reported to be associated with differing
pathophysiological processes involving e.g., synaptic
plasticity and innate immune activation [51, 52]. To our
knowledge, degree of psychiatric symptoms, including
depression, has not been assessed in relationship to these
proposed subtypes. And while unfortunately not feasible
in the present work, we aim to assess this question in the
future when more cases have been recruited in the DDI
cohort. The result from our study highlight that de-
pressive symptoms may not be a defining feature of
preclinical and prodromal AD, and the use of CSF
biomarkers may guide clinicians in selecting appropriate
therapeutic interventions such as antidepressant therapy
in the case of clinical depression or cholinesterase in-
hibitors in the case of AD.

This study has some limitations. First, the cross-
sectional design does not allow us to measure the po-
tential relationship between baseline depressive symp-
toms and future changes in CSF AD markers or cogni-
tion. A future longitudinal study in our research group is
planned to assess these relationships. This will add in-
formation about the potential clinical relevance of the
present findings. Second, we assessed depressive symp-
toms with the GDS-15 scale. This is a self-report ques-
tionnaire where responses might be compromised by
both cognitive decline and depressive symptoms. Third,
we examined the relationship between depressive
symptoms and CSF AD biomarkers in predementia cases,
but not the relation between other NPSs that might be of
importance [34].

Conclusion

This cross-sectional study found a significant associ-
ation between symptoms of depression and MCI without
AP pathology, but not with MCI with AB pathology.
Longitudinally studies are needed to determine both the
functional consequences and the biological mechanisms
of depressive symptoms in persons with mild cognitive
impairment.

Statement of Ethics

All subjects signed informed consent before taking part in the
study and the regional medical research ethics committee, Re-
gionale komiteer for medisinsk og helsefaglig forskningsetikk
(REK) approved the study. The REK-approval number is 2013/
150. All further study conduct was in line with the guidelines
provided by the Helsinki Declaration of 1964, revised 2013 and the
Norwegian Health and Research act.

Eriksson et al.


https://doi.org/10.1159/000539284

Conflict of Interest Statement

Cecilia Magdalena Eriksson, Arvid Rongve, Nikias Sia-
farikas, Ragna Espenes, Erik Hessen, and Knut Waterloo have
no disclosures. Bjorn-Eivind Kirsebom has served as a con-
sultant for Biogen and on an advisory board for Eisai. Tormod
Fladby has served as a consultant and on an advisory board for
Biogen and Eisai. Per Selnes has served as a consultant for
Roche. Dr. Aarsland has received research support and/or
honoraria from Astra-Zeneca, H. Lundbeck, Novartis Phar-
maceuticals, Evonik, Roche Diagnostics, and GE Health, and
served as paid consultant for H. Lundbeck, Eisai, Heptares,
Mentis Cura, Eli Lilly, Cognetivity, Enterin, Acadia, EIP
Pharma, and Biogen.

Funding Sources

The project was funded by the Norwegian Research Council,
JPND/PMI-AD (NRC 311993) and from the regional health au-
thorities Helse Ser-@st and Helse-Nord (HNF1540-20).

Author Contributions

All authors, Cecilia Magdalena Eriksson, Bjorn-Eivind Kirsebom,
Ragna Espenes, Nikias Siafarikas, Knut Waterloo, Arvid Rongve, Per
Selnes, Dag Aarsland, Tormod Fladby, and Erik Hessen have given
final approval of the version being published. C.M.E.: conceptuali-
zation, writing — original draft, investigation, and methodology. B.-
E.K: formal analysis, visualization, and writing — review and editing.
RE, NS, KW, AR, and P.S. investigation, writing — review and
editingg. D.A. and T.F.: supervision, conceptualization, and
writing — review and editing. E.H.: supervision, conceptualization,
writing - review and editing, and methodology.

Data Availability Statement

The data that support the findings of this study are not publicly
available due to their containing information that could com-
promise the privacy of research participants.

Corresponding author [C.M.E.] can, upon reasonable request, have
excess to data. The data are stored securely using protected databases.

—

References

Enache D, Winblad B, Aarsland D. Depres-
sion in dementia: epidemiology, mechanisms,

2014;10(6):844-52. https://doi.org/10.1016/
j.jalz.2014.01.001

Disord. 2008;25(6):559-63. https://doi.org/
10.1159/000137671

and treatment. Curr Opin Psychiatry. 2011; 7 Auning E, Selnes P, Grambaite R, Saltyté 13 Kramberger MG, Jelic V, Kareholt I, Enache
24(6):461-72. https://doi.org/10.1097/YCO. Benth J, Haram A, Lovli Stav A, et al. Neu- D, Eriksdotter Jéonhagen M, Winblad B, et al.
0b013e32834bbod4 robiological correlates of depressive symp- Cerebrospinal fluid Alzheimer markers in
2 Chi S, Wang C, Jiang T, Zhu X-C, Yu J-T, toms in people with subjective and mild+- depressed elderly subjects with and without
Tan L. The prevalence of depression in cognitive impairment. Acta Psychiatrica Alzheimer’s disease. Dement Geriatr Cogn
Alzheimer’s disease: a systematic review Scand. 2015:131. Dis Extra. 2012;2(1):48-56. https://doi.org/
and meta-analysis. Curr Alzheimer Res. 8 Boublay N, Schott AM, Krolak-Salmon P. 10.1159/000334644
2015;12(2):189-98. https://doi.org/10.2174/ Neuroimaging correlates of neuropsychiatric ~ 14 Chan CK, Soldan A, Pettigrew C, Wang J,
1567205012666150204124310 symptoms in Alzheimer’s disease: a review of Albert M, Rosenberg PB, et al. Depressive
3 Ismail Z, Elbayoumi H, Fischer CE, Hogan 20 years of research. Eur J Neurol. 2016; symptoms and CSF Alzheimer’s disease
DB, Millikin CP, Schweizer T, et al. Preva- 23(10):1500-9. https://doi.org/10.1111/ene. biomarkers in relation to clinical symptom
lence of depression in patients with mild 13076 onset of mild cognitive impairment. Alzhei-
cognitive impairment: a systematic review and 9 Goukasian N, Hwang KS, Romero T, Grotts J, mers Dement. 2020;12(1):e12106. https://doi.
meta-analysis. JAMA Psychiatry. 2017;74(1): Do TM, Groh JR, et al. Association of brain 0rg/10.1002/dad2.12106
58-67. https://doi.org/10.1001/jamapsychiatry. amyloidosis with the incidence and frequency 15 Janssen O, Jansen WJ, Vos SJ, Boada M,
2016.3162 of neuropsychiatric symptoms in ADNIL: a Parnetti L, Gabryelewicz T, et al. Charac-
4 Séiz-Vazquez O, Gracia-Garcia P, Ubillos- multisite observational cohort study. BMJ teristics of subjective cognitive decline asso-
Landa S, Puente-Martinez A, Casado-Yusta S, open. 2019;9(12):e031947. https://doi.org/10. ciated with amyloid positivity. Alzheimer’s
Olaya B, et al. Depression as a risk factor for 1136/bmjopen-2019-031947 Dementia. 2021;18(10):1832-45. https://doi.
Alzheimer’s disease: a systematic review of 10 Saldanha NM, Suemoto CK, Rodriguez RD, org/10.1002/alz.12512
longitudinal meta-analyses. J Clin Med. Leite REP, Nascimento C, Ferreti-Rebustini R, 16 Petersen RC. Mild cognitive impairment.
2021;10(9):1809. https://doi.org/10.3390/ et al. B-amyloid pathology is not associated with Contin. 2016;22(2 Dementia):404-18. https://
jem10091809 depression in a large community sample au- doi.org/10.1212/con.0000000000000313
5 Krell-Roesch J, Syrjanen JA, Rakusa M, Ve- topsy study. J Affect Disord. 2021;278:372-81. 17 Fladby T, Palhaugen L, Selnes P, Waterloo K,
muri P, Machulda MM, Kremers WK, et al. https://doi.org/10.1016/j.jad.2020.09.062 Brathen G, Hessen E, et al. Detecting at-risk Alz-
Association of cortical and subcortical B- 11 Diniz BS, Butters MA, Albert SM, Dew MA, heimer’s disease cases. ] Alzheimers Dis. 2017;60(1):
amyloid with standardized measures of de- Reynolds CF. Late-life depression and risk of 97-105. https://doi.org/10.3233/jad-170231
pressive and anxiety symptoms in adults vascular dementia and Alzheimer’s disease: 18 Albert MS, DeKosky ST, Dickson D, Dubois B,
without dementia. ] Neuropsychiatry Clin systematic review and meta-analysis of Feldman HH, Fox NC, et al. The diagnosis of
Neurosci. 2021;33(1):64-71. https://doi.org/ community-based cohort studies. Br J Psy- mild cognitive impairment due to Alzheimer’s
10.1176/appi.neuropsych.20050103 chiatry. 2013;202(5):329-35. https://doi.org/ disease: recommendations from the National
6 Jessen F, Amariglio RE, Van Boxtel M, 10.1192/bjp.bp.112.118307 Institute on Aging-Alzheimer’s Association
Breteler M, Ceccaldi M, Chételat G, et al. A 12 Skogseth R, Mulugeta E, Jones E, Ballard C, workgroups on diagnostic guidelines for Alz-

conceptual framework for research on
subjective cognitive decline in preclinical
Alzheimer’s disease. Alzheimers Dement.

Rongve A, Nore S, et al. Neuropsychiatric
correlates of cerebrospinal fluid biomarkers
in Alzheimer’s disease. Dement Geriatr Cogn

heimer’s disease. Alzheimers Dement. 2011;
7(3):270-9. hitps://doi.org/10.1016/j.jalz.2011.
03.008

Depressive Symptoms Are Not Associated
with Predementia Amyloid Pathology

Dement Geriatr Cogn Disord Extra 2024;14:40-48
DOI: 10.1159/000539284

47


https://doi.org/10.1097/YCO.0b013e32834bb9d4
https://doi.org/10.1097/YCO.0b013e32834bb9d4
https://doi.org/10.2174/1567205012666150204124310
https://doi.org/10.2174/1567205012666150204124310
https://doi.org/10.1001/jamapsychiatry.2016.3162
https://doi.org/10.1001/jamapsychiatry.2016.3162
https://doi.org/10.3390/jcm10091809
https://doi.org/10.3390/jcm10091809
https://doi.org/10.1176/appi.neuropsych.20050103
https://doi.org/10.1176/appi.neuropsych.20050103
https://doi.org/10.1016/j.jalz.2014.01.001
https://doi.org/10.1016/j.jalz.2014.01.001
https://doi.org/10.1111/ene.13076
https://doi.org/10.1111/ene.13076
https://doi.org/10.1136/bmjopen-2019-031947
https://doi.org/10.1136/bmjopen-2019-031947
https://doi.org/10.1016/j.jad.2020.09.062
https://doi.org/10.1192/bjp.bp.112.118307
https://doi.org/10.1192/bjp.bp.112.118307
https://doi.org/10.1159/000137671
https://doi.org/10.1159/000137671
https://doi.org/10.1159/000334644
https://doi.org/10.1159/000334644
https://doi.org/10.1002/dad2.12106
https://doi.org/10.1002/dad2.12106
https://doi.org/10.1002/alz.12512
https://doi.org/10.1002/alz.12512
https://doi.org/10.1212/con.0000000000000313
https://doi.org/10.1212/con.0000000000000313
https://doi.org/10.3233/jad-170231
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1159/000539284

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Fillenbaum GG, van Belle G, Morris JC, Mohs
RC, Mirra SS, Davis PC, et al. Consortium to
establish a Registry for Alzheimer’s disease
(CERAD): the first twenty years. Alzheimers
Dement. 2008;4(2):96-109. https://doi.org/
10.1016/j.jalz.2007.08.005

Kirsebom B-E, Espenes R, Hessen E, Wa-
terloo K, Johnsen SH, Gundersen E, et al.
Demographically adjusted CERAD wordlist
test norms in a Norwegian sample from 40 to
80 years. Clin Neuropsychol. 2019;33(Suppl
1):27-39. https://doi.org/10.1080/13854046.
2019.1574902

Reitan RM, Wolfson D. The Halstead-Reitan
neuropsychological test battery: theory and
clinical interpretation. Reitan Neuropsy-
chology; 1985. Vol. 4.

Heaton R, Miller S, Taylor MJ, Grant I. Revised
comprehensive norms for an expanded Hal-
stead-Reitan Battery: demographically adjusted
neuropsychological norms for African Ameri-
can and Caucasian adults. Lutz, FL: Psycho-
logical Assessment Resources; 2004.

Benton AL, deS K, Sivan AB. Multilingual
aphasia examination. AJA associates; 1994.
Warrington EK, James M. The visual object
and space perception battery. 1991.
Yesavage JA. Geriatric depression scale.
Psychopharmacol Bull. 1988;24(4):709-11.
Hansson O, Lehmann S, Otto M, Zetterberg
H, Lewczuk P. Advantages and disadvantages
of the use of the CSF Amyloid p (Ap) 42/40
ratio in the diagnosis of Alzheimer’s Disease.
Alzheimers Res Ther. 2019;11(1):34. https://
doi.org/10.1186/s13195-019-0485-0
Siafarikas N, Kirsebom B-E, Srivastava DP,
Eriksson CM, Auning E, Hessen E, et al.
Cerebrospinal fluid markers for synaptic
function and Alzheimer type changes in late
life depression. Sci Rep. 2021;11(1):20375-9.
https://doi.org/10.1038/541598-021-99794-9
RStudio: integrated development Environ-
ment for R. RStudio. PBC; 2021.

ggplot2: elegant graphics for data analysis. New-
York; 2016. https://ggplot2.tidyverse.org
Tsuno N, Homma A. What is the association
between depression and Alzheimer’s disease?
Expert Rev Neurother. 2009;9(11):1667-76.
https://doi.org/10.1586/ern.09.106

Banning LCP, Ramakers I, Deckers K, Verhey
FR], Aalten P. Affective symptoms and
AT(N) biomarkers in mild cognitive im-
pairment and Alzheimer’s disease: a sys-
tematic literature review. Neurosci Biobehav
Rev. 2019;107:346-59. https://doi.org/10.
1016/j.neubiorev.2019.09.014

Lyketsos CG, Lopez O, Jones B, Fitzpatrick AL,
Breitner ], DeKosky S. Prevalence of neuropsy-
chiatric symptoms in dementia and mild cog-
nitive impairment: results from the cardiovas-
cular health study. Jama. 2002;288(12):1475-83.
https://doi.org/10.1001/jama.288.12.1475

33

34

35

36

37

38

39

40

41

42

Aalten P, Verhey FR, Boziki M, Bullock R,
Byrne EJ, Camus V, et al. Neuropsychi-
atric syndromes in dementia. Results from
the European alzheimer disease Consor-
tium: part I. Dement Geriatr Cogn Disord.
2007;24(6):457-63. https://doi.org/10.1159/
000110738

Palmer K, Di Iulio F, Varsi AE, Gianni W,
Sancesario G, Caltagirone C, et al. Neuro-
psychiatric predictors of progression from
amnestic-mild cognitive impairment to Alz-
heimer’s disease: the role of depression and
apathy. ] Alzheimers Dis. 2010;20(1):175-83.
https://doi.org/10.3233/JAD-2010-1352
Marshall GA, Donovan NJ, Lorius N, Gidicsin
CM, Maye ], Pepin LC, et al. Apathy is asso-
ciated with increased amyloid burden in mild
cognitive impairment. ] Neuropsychiatry Clin
Neurosci. 2013;25(4):302-7. https://doi.org/10.
1176/appi.neuropsych.12060156

Tateno A, Sakayori T, Higuchi M, Suhara T,
Ishihara K, Kumita S, et al. Amyloid imaging
with [(18)F]florbetapir in geriatric depres-
sion: early-onset versus late-onset. Int J
Geriatr Psychiatry. 2015;30(7):720-8. https://
doi.org/10.1002/gps.4215

Vogel A, Stokholm ], Gade A, Andersen BB,
Hejl A-M, Waldemar G. Awareness of deficits
in mild cognitive impairment and Alzheimer’s
disease: do MCI patients have impaired insight?
Dement Geriatr Cogn Disord. 2004;17(3):
181-7. https://doi.org/10.1159/000076354
Kashiwa Y, Kitabayashi Y, Narumoto J,
Nakamura K, Ueda H, Fukui K. Anosognosia
in Alzheimer’s disease: association with pa-
tient characteristics, psychiatric symptoms
and cognitive deficits. Psychiatry Clin Neu-
rosci. 2005;59(6):697-704. https://doi.org/10.
1111/j.1440-1819.2005.01439.x

Meng X, D’arcy C. Education and dementia
in the context of the cognitive reserve hy-
pothesis: a systematic review with meta-
analyses and qualitative analyses. PloS One.
2012;7(6):e38268.  https://doi.org/10.1371/
journal.pone.0038268

Ac01696967 A The ICD-10 classification of
mental and behavioural disorders: diagnostic
criteria for research. World Health Organi-
zation; 1993. Vol. 2.

Johnson LA, Mauer C, Jahn D, Song M,
Wyshywaniuk L, Hall JR, et al. Cognitive
differences among depressed and non-de-
pressed MCI participants: a project FRON-
TIER study. Int J Geriatr Psychiatry. 2013;
28(4):377-82.  https://doi.org/10.1002/gps.
3835

Conradi H, Ormel ], De Jonge P. Presence
of individual (residual) symptoms during
depressive episodes and periods of remis-
sion: a 3-year prospective study. Psychol
Med. 2011;41(6):1165-74. https://doi.org/
10.1017/S0033291710001911

48

Dement Geriatr Cogn Disord Extra 2024;14:40-48

DOI: 10.1159/000539284

43

44

45

46

47

48

49

50

51

52

Alexopoulos GS. Depression in the elderly.
Lancet. 2005;365(9475):1961-70. https://doi.
0rg/10.1016/S0140-6736(05)66665-2

Lin WC, Hu LY, Tsai §J, Yang AC, Shen CC.
Depression and the risk of vascular dementia:
a population-based retrospective cohort
study. Int J Geriatr Psychiatry. 2017;32(5):
556-63. https://doi.org/10.1002/gps.4493
Diniz BS, Butters MA, Albert SM, Dew MA,
Reynolds CF. Late-life depression and risk of
vascular dementia and Alzheimer’s disease:
systematic review and meta-analysis of
community-based cohort studies. Br J Psy-
chiatry. 2013;202(5):329-35. https://doi.org/
10.1192/bjp.bp.112.118307

Barnes DE, Yaffe K, Byers AL, McCormick
M, Schaefer C, Whitmer RA. Midlife vs late-
life depressive symptoms and risk of de-
mentia: differential effects for Alzheimer
disease and vascular dementia. Arch Gen
Psychiatry. 2012;69(5):493-8. https://doi.org/
10.1001/archgenpsychiatry.2011.1481
Espenes R, Kirsebom B-E, Eriksson C,
Waterloo K, Hessen E, Johnsen SH, et al.
Amyloid plaques and symptoms of de-
pression links to medical help-seeking due
to subjective cognitive decline. ] Alzheimers
Dis. 2020;75(3):879-90. https://doi.org/10.
3233/JAD-190712

Jonker C, Geerlings MI, Schmand B. Are
memory complaints predictive for dementia? A
review of clinical and population-based studies.
Int J Geriatr Psychiatry. 2000;15(11):983-91.
https://doi.org/10.1002/1099-1166(200011)15:
11<983::aid-gps238>3.0.c0;2-5

Hessen E, Eckerstrom M, Nordlund A, Sel-
seth Almdahl I, Stalhammar J, Bjerke M, et al.
Subjective cognitive impairment is a pre-
dominantly benign condition in memory
clinic patients followed for 6 years: the
Gothenburg-Oslo MCI Study. Dement Ger-
iatr Cogn Dis Extra. 2017;7(1):1-14. https://
doi.org/10.1159/000454676

Eckerstrom M, Gothlin M, Rolstad S, Hessen
E, Eckerstrom C, Nordlund A, et al. Longi-
tudinal evaluation of criteria for subjective
cognitive decline and preclinical Alzheimer’s
disease in a memory clinic sample. Alzhei-
mers Dement. 2017;8:96-107. https://doi.org/
10.1016/j.dadm.2017.04.006

Tijms BM, Gobom J, Reus L, Jansen I, Hong
S, Dobricic V, et al. Pathophysiological
subtypes of Alzheimer’s disease based on
cerebrospinal fluid proteomics. Brain. 2020;
143(12):3776-92.  https://doi.org/10.1093/
brain/awaa325

Visser PJ, Reus LM, Gobom J, Jansen I, Dicks
E, van der Lee SJ, et al. Cerebrospinal fluid tau
levels are associated with abnormal neuronal
plasticity markers in Alzheimer’s disease. Mol
Neurodegener. 2022;17(1):27. https://doi.
org/10.1186/513024-022-00521-3

Eriksson et al.


https://doi.org/10.1016/j.jalz.2007.08.005
https://doi.org/10.1016/j.jalz.2007.08.005
https://doi.org/10.1080/13854046.2019.1574902
https://doi.org/10.1080/13854046.2019.1574902
https://doi.org/10.1186/s13195-019-0485-0
https://doi.org/10.1186/s13195-019-0485-0
https://doi.org/10.1038/s41598-021-99794-9
https://ggplot2.tidyverse.org
https://doi.org/10.1586/ern.09.106
https://doi.org/10.1016/j.neubiorev.2019.09.014
https://doi.org/10.1016/j.neubiorev.2019.09.014
https://doi.org/10.1001/jama.288.12.1475
https://doi.org/10.1159/000110738
https://doi.org/10.1159/000110738
https://doi.org/10.3233/JAD-2010-1352
https://doi.org/10.1176/appi.neuropsych.12060156
https://doi.org/10.1176/appi.neuropsych.12060156
https://doi.org/10.1002/gps.4215
https://doi.org/10.1002/gps.4215
https://doi.org/10.1159/000076354
https://doi.org/10.1111/j.1440-1819.2005.01439.x
https://doi.org/10.1111/j.1440-1819.2005.01439.x
https://doi.org/10.1371/journal.pone.0038268
https://doi.org/10.1371/journal.pone.0038268
https://doi.org/10.1002/gps.3835
https://doi.org/10.1002/gps.3835
https://doi.org/10.1017/S0033291710001911
https://doi.org/10.1017/S0033291710001911
https://doi.org/10.1016/S0140-6736(05)66665-2
https://doi.org/10.1016/S0140-6736(05)66665-2
https://doi.org/10.1002/gps.4493
https://doi.org/10.1192/bjp.bp.112.118307
https://doi.org/10.1192/bjp.bp.112.118307
https://doi.org/10.1001/archgenpsychiatry.2011.1481
https://doi.org/10.1001/archgenpsychiatry.2011.1481
https://doi.org/10.3233/JAD-190712
https://doi.org/10.3233/JAD-190712
https://doi.org/10.1002/1099-1166(200011)15:11<983::aid-gps238>3.0.co;2-5
https://doi.org/10.1002/1099-1166(200011)15:11<983::aid-gps238>3.0.co;2-5
https://doi.org/10.1159/000454676
https://doi.org/10.1159/000454676
https://doi.org/10.1016/j.dadm.2017.04.006
https://doi.org/10.1016/j.dadm.2017.04.006
https://doi.org/10.1093/brain/awaa325
https://doi.org/10.1093/brain/awaa325
https://doi.org/10.1186/s13024-022-00521-3
https://doi.org/10.1186/s13024-022-00521-3
https://doi.org/10.1159/000539284

	Depressive Symptoms Are Not Associated with Predementia Cerebrospinal Fluid Amyloid Pathology
	Introduction
	Methods
	Subjects
	Assessment
	Amyloid CSF Measurement and Study Design
	Statistics

	Results
	Between-Group Comparisons in Cognition and Demographics
	Likelihood of Having Depressive Symptoms in SCD and MCI Groups
	Associations between Cognitive Domains and Depressive Symptoms within SCD and MCI Groups

	Discussion
	Conclusion
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


