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Abstract
Background: The underlying disease mechanism of neuropsychiatric symptoms (NPS) in dementia remains unclear.
Cerebrospinal fluid (CSF) biomarkers for synaptic and axonal degeneration may provide novel neuropathological
information for their occurrence. The aim was to investigate the relationship between NPS and CSF biomarkers for
synaptic (neurogranin [Ng], growth-associated protein 43 [GAP-43]) and axonal (neurofilament light [NFL]) injury in
patients with dementia.
Methods: A total of 151 patients (mean age ± SD, 73.5 ± 11.0, females n = 92 [61%]) were included, of which 64 had
Alzheimer’s disease (AD) (34 with high NPS, i.e., Neuropsychiatric Inventory (NPI) score > 10 and 30 with low levels
of NPS) and 18 were diagnosed with vascular dementia (VaD), 27 with mixed dementia (MIX), 12 with mild
cognitive impairment (MCI), and 30 with subjective cognitive impairment (SCI). NPS were primarily assessed using
the NPI. CSF samples were analyzed using enzyme-linked immunosorbent assays (ELISAs) for T-tau, P-tau, Aβ1–42,
Ng, NFL, and GAP-43.
Results: No significant differences were seen in the CSF levels of Ng, GAP-43, and NFL between AD patients with
high vs low levels of NPS (but almost significantly decreased for Ng in AD patients < 70 years with high NPS, p =
0.06). No significant associations between NPS and CSF biomarkers were seen in AD patients. In VaD (n = 17),
negative correlations were found between GAP-43, Ng, NFL, and NPS.
Conclusion: Our results could suggest that low levels of Ng may be associated with higher severity of NPS early in
the AD continuum (age < 70). Furthermore, our data may indicate a potential relationship between the presence of
NPS and synaptic as well as axonal degeneration in the setting of VaD pathology.
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Introduction
Neuropsychiatric symptoms (NPS) are common in dementia, greatly impacting the quality of life and caregiver
burden [1–3]. The underlying neuropathological mechanisms of NPS are not sufficiently comprehended, but
have been linked to region-specific pathology of brain
areas, such as the cingulate cortex and left frontal cortex
[4, 5]. Additionally, monoaminergic neurotransmission
including serotonergic, dopaminergic, or cholinergic dysfunction has been implicated [6–8].
The association between NPS and Alzheimer’s disease
(AD) pathology has been investigated in several studies
with inconsistent results [9–15]. Cerebrospinal fluid
(CSF) biomarkers for synaptic and axonal degeneration
have lately been of increased interest in dementia research providing novel information regarding disease
neuropathology [16]. However, knowledge regarding the
relationship between NPS and synaptic and axonal degeneration is still lacking, and new knowledge in this
area could potentially increase our understanding of
NPS in dementia disorders. We have previously published data suggesting an association between agitation
and tau-associated pathology, as well as axonal degeneration in AD [17].
Synaptic dysfunction is a potential culprit in NPS, and
fluorodeoxyglucose positron emission tomography
(FDG-PET) imaging studies have indicated that increased NPS levels correlate with synaptic dysfunction in
the posterior cingulate cortex, ventromedial prefrontal
cortex, and right anterior insula [18]. Synaptic dysfunction in AD is caused by both Aβ and tau pathologies
generating an imbalance in synaptic plasticity [19]. Furthermore, synaptic loss is a hallmark of the neurodegenerative process and strongly correlated with both
dementia severity and cognitive decline [20–22].
Neurogranin (Ng) is a postsynaptic protein involved in
synaptic plasticity and memory formation [23]. Postmortem studies have shown that the full-length Ng is reduced in the parietal and temporal cortex in AD patients
and processed into smaller peptides measurable in CSF
reflecting synaptic degeneration [24]. CSF Ng levels are
elevated in both AD and mild cognitive impairment
(MCI) compared to healthy controls and associated with
lower cognitive function and deterioration of white matter tracts and predict cognitive decline as well as conversion from MCI to AD [25–36]. No other published
study has to our knowledge investigated the association
between Ng and NPS.
Growth-associated protein 43 (GAP-43) is a protein
primarily distributed in axons and presynaptic terminals
involved in neuronal regeneration and formation of neuronal connections [37]. Postmortem studies have shown
that GAP-43 is significantly decreased in the frontal cortex
of AD patients, while different hippocampal areas are
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showing both decreased and increased GAP-43 [38–40].
Levels of CSF GAP-43 are increased in AD as compared
to both healthy controls and other neurodegenerative disorders, suggesting a specificity for AD [41]. Previous studies have found associations between increased levels of
CSF GAP-43 and cognitive decline as well as increased
amyloid and tangle burden in the amygdala, cortex, and
hippocampus [41–43].
Neurofilament light protein (NFL) is an intermediate
filament important for maintaining axonal stability and
growth [44, 45]. Axonal damage results in leakage of
NFL into CSF making it a marker for ongoing neuroaxonal
degeneration [44]. CSF NFL levels are increased in both
MCI and AD patients as compared to healthy controls and
correlate with both cognitive deterioration and brain atrophy in AD [46–50]. Additionally, CSF NFL is also linked to
increased mortality and dementia severity [51].
The primary aim of this study was to investigate the
association between NPS and CSF biomarkers for synaptic and axonal degeneration, i.e., levels of CSF Ng, GAP43, and NFL in AD and other cognitive disorders.
Based on previously published research, we hypothesize
that AD patients with a high NPS burden will display increased levels of CSF GAP-43, Ng, and NFL as compared
to AD patients with low levels of NPS. AD patients will
display higher levels of Ng and GAP-43 as compared to
controls, and correlations will be found between Ng,
GAP-43, NFL, and NPS within the AD group.

Methods
Patients

The study population (n = 151) consisted of two separate
cohorts, both recruited between 2003 and 2015, from
the same center at the memory clinic, Karolinska
University Hospital, Stockholm, Sweden.
Cohort 1 consisted of baseline assessments from a previously published randomized controlled trial. Detailed
information regarding study population, assessment, and
other study specifics can be found in [52, 53]. Briefly, 91
memory-impaired patients with high levels of NPS,
defined as a total score of at least 10 points on the
Neuropsychiatric Inventory (NPI) [54], and a dementia diagnosis according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-IV) [55] or mild cognitive impairment (MCI)
were included (37% AD, 30% mixed dementia [MIX],
20% vascular dementia [VaD], 13% MCI). Nine of the
12 patients in the MCI group displayed biomarker abnormalities congruent with underlying AD pathology, i.e.,
Aβ42/40 ratio levels < 0.063. The study was approved by
the Regional Ethics Committee of Karolinska Institutet,
Stockholm, Sweden, registration number 441/01.
Diagnostic procedures included somatic, psychiatric,
and neurological examinations that were performed by a
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licensed specialist in geriatric medicine. Neuroimaging
(computed tomography) was also performed. In addition
to clinical interviews of patients and their caregivers, the
standardized scales of cognition (Mini-Mental Status
Examination (MMSE)) [56] and neuropsychiatric symptoms (NPI, Cornell Scale for Depression in Dementia)
[54, 57] were administered for diagnostic purposes and
assessment of behavioral disturbances. Lumbar punctures were successfully performed in 87 out of the 91 included patients at baseline. Lumbar CSF (6 ml) was
collected and then stored in polypropylene tubes. The
first 2 ml of every sampling was discarded, and the rest
was centrifuged at 3000 rpm for 10 min at 4C+ and frozen in aliquots of 2 ml at − 70 °C.
In cohort 2, 60 patients from a total of 13,300 were included from the GEDOC research database and biobank.
GEDOC contains data from patients, who had previously
been examined and provided informed consent for future research [58]. This included 30 patients diagnosed
with subjective cognitive impairment (SCI) and normal
CSF AD biomarker profile, defined as Aβ1–42 > 500 ng/
ml, T-tau < 400 ng/ml, P-tau < 80 ng/ml. These patients
were assessed as cognitively healthy without the presence of any neurodegenerative diseases. Furthermore, 30
AD patients, with a CSF biomarker profile of Aβ1–42 <
500 ng/ml, T-tau > 400 ng/ml, P-tau > 80 ng/ml, and low
levels of NPS, were included. Due to the lack of NPI data
in this cohort, low NPS was defined by the absence of
NPS in the patients’ medical records. Medical records of
each patient were reviewed, and subjects were excluded
from the study if any significant NPS were mentioned.
The clinical assessment at the memory clinic consisted
of interviews with patients and caregivers conducted by
a specialist in geriatric medicine and research nurses, administration of rating scales for cognition as well as NPS
including Cornell Depression Scale, and neuroimaging.
CSF samples were collected from all 60 patients. Procedures for lumbar punctures were the same in both cohorts. The GEDOC database is approved by the Regional
Ethics Committee of Karolinska Institutet, Stockholm,
Sweden, registration number 2011/1987-31/4.
NPS rating scales

The NPI is a comprehensive rating scale for the assessment of NPS that rates the frequency and severity of 12
major neuropsychiatric and behavioral symptoms in dementia including delusions, hallucinations, dysphoria,
anxiety, agitation/aggression, euphoria, disinhibition, irritability/lability, apathy, aberrant motor activity, nighttime behavior disturbances, and appetite and eating abnormalities. Each domain can generate a maximum of
12 points, and thus, the total possible score equals 144
points with higher scores indicating a more severe NPS
burden. The domains can be assessed individually or as
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a total NPI score [54]. For the present study, both the
total score and the individual subdomains were used.
The Cornell Scale for Depression was used to specifically
quantify the depressive symptoms in this study. The scale
consists of 19 items assessing various aspects of depressive
behaviors with a maximum score of 28 points [57].
CSF analyses

CSF Ng concentration was measured using an in-house
enzyme-linked immunosorbent assay (ELISA), as described previously in detail [33]. CSF GAP-43 and NFL
concentrations were measured by in-house ELISAs, as
previously described in detail [41, 59]. CSF levels of Ttau, P-tau, and Aβ1–42 were measured using commercially available INNOTEST ELISAs (Fujirebio Europe,
Ghent, Belgium). All CSF samples were handled using
the same procedures and analyzed at the Department of
Neurochemistry, Mölndal Hospital. All samples were analyzed by board-certified technicians, using one batch of
reagents, following strict rules for quality control [60].
Statistics

All statistical analyses were done using the Statistica
software (version 13). The majority of the included variables in this study (CSF biomarkers) were not normally
distributed, and variances between the groups were not
equal. Thus, non-parametric statistics were used as the
primary analytic method.
Differences in the levels of CSF biomarkers (Ng, GAP43, NFL) between “AD low NPS” and “AD high NPS”
were analyzed using the Mann-Whitney U test. Adjusted
for age was done by stratification analysis dividing AD
patients into three age strata (age < 70, 70–79 and > 80).
Spearman rank correlations were used to investigate the
associations between biomarkers for synaptic and axonal
degeneration (Ng, GAP-43, NFL) and NPS (NPI). Correlation analysis was conducted both on the total cohort
and diagnostic subgroups. Data are presented as medians
and interquartile range (IQR) if not stated otherwise. A
p level of < 0.05 was defined as statistically significant.
We performed multiple analyses without adjustment in
this exploratory study. Any findings therefore need to be
interpreted with caution.

Results
Baseline data

Baseline clinical characteristics and biomarker levels are
provided in Table 1. The mean score for NPI in the AD
“high NPS” group was 45.1 points, and the five subdomains with the highest individual NPI ratings included
apathy (7.7 points), delusions (6.1 points), anxiety (4.7
points), depression (4.4 points), and appetite/eating disturbances (4.2 points). In cohort 1, NPI was not
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Table 1 Descriptive data

Females (n)
Age, years

All, n = 151 AD, n = 64

AD high NPS,
AD low NPS,
SCI, n = 30, MCI, N = 12, MIX, N = 27, VaD, N = 18,
n = 34, cohort 1 n = 30, cohort 2 cohort 2
cohort 1
cohort 1
cohort 1

92 (61%)

20 (59%)

76.0 (18.0)

39 (61%)
A

78.0 (16)

A, C

19 (63%)

79.5 (8.0)

70.0 (19.0)

19.5 (6.0)

A,C

A

MMSE (0–30 points)

22.0 (7.0)

20.0 (4.5)

CDR (0–3 points)

1.4 (0.6)

m.d

Ng pg/ml

246 (150)

279 (142)A

GAP-43 pg/ml

3643 (2211)

4065 (2077)A 3901 (2190)
A

13 (43%)

A,B

60.0 (7.0)

10 (83%)
82.0 (6.5)

19 (70%)
A,B

25.5 (2.5)

11 (61%)

83.0 (6.0)

A,B

75.5 (9.0)A

20.0 (5.0)

A

22.0 (6.0)A

21.0 (2.0)

30.0 (1.0)

1.5 (1)

m.d

m.d

1 (0.5)

1.5 (1)

1.4 (1)

249 (148)

295 (86.0)

175 (85)

314 (223)

244 (177)

218 (119)

4229 (1818)

2357 (964)

3955 (2586)A 3639 (2750)A 3698 (741)A

NFL ng/ml

1530 (1370)

1670 (1360)

1970 (1540)

1455 (710)

620 (420)

1770 (1500)A 2150 (1620)A 1780 (1800)A

Aβ1–42 pg/ml

460 (280)

410 (33)

440 (170)

396 (84)

805 (200)

490 (250)

435 (160)

460 (220)

T-tau pg/ml

630 (430)

698 (391)

680 (400)

719 (470)

265 (92)

730 (430)

695 (220)

550 (330)

P-tau pg/ml

85 (56)

98 (37)

87 (52)

104 (31)

45 (18)

99 (48)

97 (39)

74 (33)

Cornell (0–38 points) 4.0 (5.0)

4.0 (4.5)

5.0 (5.0)

2.0 (5.0)

4.0 (4.0)

5.5 (5.0)

5.0 (4.0)

6.0 (4.0)

NPI (0–144 points)

m.d

42 (29)

m.d

m.d

56 (48)

47 (52)

45.5 (26)

47 (39)

Baseline characteristics of the included patients. Values are presented as medians and interquartile range if not stated otherwise
m.d missing data
A
p < 0.05 compared to SCI
B
p < 0.05 compared to AD low NPS
C
p < 0.05 compared to MCI

significantly associated with cognition as measured with
MMSE (r = − 0.01, p = 0.90).
Associations between NPS and markers for synaptic and
axonal degeneration

Neurogranin Median CSF Ng levels were significantly
higher in AD patients with “low NPS” as compared to
“AD high NPS” (U = 340, p = 0.03, median [Mdn] 295
pg/ml vs 249 pg/ml). After adjustment for age, this difference did not remain significant (but close for patients
< 70 years, p = 0.06, Mdn 309 pg/ml vs 179 pg/ml)
(Fig. 1a).
No significant correlations were seen between Ng and
NPI total when analyzing all patients, as well as during
subgroup analysis depending on dementia diagnosis.
When analyzing NPI sub-items, a significant correlation
was found between Ng and appetite/eating domain on
NPI (r = 0.23, p = 0.04) in the whole group. Further subgroup analysis depending on diagnosis revealed a negative correlation between disinhibition and Ng in patients
with VaD (r = − 0.58, p = 0.02) as well as a significant
positive correlation with anxiety in patients with MCI
(r = 0.64, p = 0.04) (Fig. 2). Ng was not significantly associated with Cornell scores in the whole cohort (r = −
0.03, p = 0.7) nor in the AD subgroup (r = − 0.2, p = 0.3).
GAP-43 No significant difference in CSF levels of GAP43 was observed when comparing AD “high NPS” to AD
“low NPS” (U = 389.0, p = 0.15, Mdn 4229 pg/ml vs 3901
pg/ml) (Fig. 1b).

No significant correlations were found between GAP-43
and NPI total in the whole cohort, as well as during subgroup analysis depending on the diagnosis. When analyzing NPI sub-items, a negative correlation was found
between GAP-43 and disinhibition (r = − 0.77, p = 0.01) as
well as hallucinations (r = − 0.54, p = 0.02) in patients with
VaD (Fig. 2). GAP-43 was not significantly associated with
Cornell scores in the whole cohort (r = − 0.01, p = 0.9) nor
in the AD subgroup (r = − 0.1, p = 0.3).
Neurofilament Significantly increased CSF levels of
NFL were seen in AD patients with high compared to
low levels of NPS (U = 284, p = 0.01, Mdn 1970 ng/ml vs
1455 ng/ml). Although when adjusting for age, no significant difference between the groups could be observed
(Fig. 1c).
No significant correlation was found between CSF
NFL levels and NPI-total when analyzing all included
patients, as well as during subgroup analysis depending
on the diagnosis. Analysis of NPI sub-items revealed a
significant negative correlation between NFL and the
hallucination domain of NPI (r = − 0.53, p = 0.03) in VaD
patients as well as a significant correlation with the delusion domain of NPI (r = 0.42, p = 0.03) in MIX patients
(Fig. 2). NFL was not significantly associated with Cornell scores in the whole cohort (r = 0.04, p = 0.6) nor in
the AD subgroup (r = − 0.1, p = 0.5).

Discussion
The aim of this study was to investigate the relationship
between NPS and biomarkers for synaptic and axonal
degeneration. No significant differences were observed
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Fig. 1 a Boxplots comparing the medians of Ng between “AD high NPS” and “AD low NPS.” On the left side including all patients and on the
right side divided into age strata. Boxes represent IQ range and whiskers non-outlier maximum and minimum. b Boxplots comparing the
medians of GAP-43 between “AD high NPS” and “AD low NPS.” On the left side including all patients and on the right side divided into age
strata. Boxes represent IQ range and whiskers non-outlier maximum and minimum. c Boxplots comparing the medians of NFL between “AD high
NPS” and “AD low NPS.” On the left side including all patients and on the right side divided into age strata. Boxes represent IQ range and
whiskers non-outlier maximum and minimum

in CSF levels of Ng, GAP-43, and NFL between AD patients with high vs low levels of NPS, when adjusting for
age. However, AD patients younger than 70 years of age
with high NPS burden showed a trend towards significantly (p = 0.06) decreased levels of Ng as compared to
“low NPS” AD patients. Furthermore, no significant correlations were seen between Ng, GAP-43, NFL, and any
NPS in AD patients. In contrast, significant negative correlations between NPS of the psychotic spectrum and
biomarkers for axonal and synaptic degeneration were
observed in patients with VaD.
In contrast with our initial hypothesis, no significant
differences in CSF levels of Ng were observed between
AD patients with high and low levels of NPS when
adjusting for age. A trend towards significantly increased
levels of Ng was observed in younger patients (< 70 years
of age) with AD and low levels of NPS. Ng has previously been suggested to increase as an adaptive response

to neurodegeneration and synaptic loss in the early
stages of AD [43]. Thus, this finding could speculatively
indicate that higher levels of Ng reflect an adequate neuroprotective response associated with less severe NPS in
the context of early AD. We could not observe any significant differences in GAP-43 levels between AD patients with high and low NPS supporting that synaptic
dysfunction, as measured by CSF levels of by GAP-43
and Ng, is not clearly associated with the presence of
NPS.
Similarly, after adjustment for age, CSF levels of NFL
did not differ between AD patients with high and low
levels of NPS, indicating that the overall level of axonal
degeneration might not be associated with the presence
of NPS. This finding is also contrary to our initial hypothesis, and to our knowledge, the relationship between
NFL and NPS has not been examined in earlier studies.
Conceptually, an increase was expected due to previous

Fig. 2 Significant correlations between NPI sub-items and biomarkers for synaptic and axonal injury (p < 0.05)
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research indicating NFL as a marker for subcortical
axonal neurodegeneration associated with both cognitive
deterioration and longitudinal brain atrophy affecting
the areas involved in controlling behavior, such as the
hippocampus [47, 48]. Possibly, this finding could be explained by the fact that region-specific axonal degeneration may be of importance for the development of NPS
rather than the overall level of axonal degeneration as
measured with CSF NFL.
When analyzing all AD patients, no significant correlations between any of the biomarkers Ng, GAP-43, NFL,
and NPS were observed. Several explanations for these
findings are possible, e.g., that synaptic and axonal degeneration is not involved in the neuropathology of
NPS. However, given the pivotal role of synaptic dysfunction in dementia, this seems unlikely [61]. Previous
studies have shown that Ng remains stable during longitudinal follow-up in patients with AD [25]. This might
suggest that the increase in Ng occurs early in the disease progression, and associations may be difficult to
identify, depending on when a measurement occurs in
the disease continuum. We found a strong association
between Ng and anxiety in patients with MCI, potentially indicating that increased synaptic dysfunction
might be associated with NPS of anxiety type. Although
the relationship between CSF Ng and NPS has not been
previously investigated, this finding is conceptually in
line with earlier studies showing that Ng is elevated in
MCI and predicts cognitive deterioration [25–27]. Of
interest, an animal study using Ng knockout mice
showed behavioral changes including increased anxiety
and decreased stress tolerance supporting the role of Ng
in the pathophysiology of NPS [62].
In patients with VaD, we found several strong negative
correlations between synaptic and axonal biomarkers
and psychotic behavior as well as disinhibition. CSF Ng
levels were associated with disinhibition, and GAP-43
levels displayed negative correlations with both hallucinations and disinhibition, while NFL was associated with
hallucinations. This may imply that in the setting of vascular pathology, synaptic and axonal dysfunction is associated with NPS of the psychotic spectrum as well as
disinhibition. Of interest, synaptic loss and dysfunction
are a core feature in the development of psychotic disorders such as schizophrenia in non-demented patients
[63, 64]. Mutations in the gene encoding Ng as well as
alterations of GAP-43 levels in the hippocampus have
also been associated with schizophrenia [65, 66]. Furthermore, it has recently been demonstrated that NFL
has an important regulatory role in the function of dendritic spines through interaction with subunits of the
NMDA receptor and that reduction of neuronal NFL
generates psychotic behavioral disturbances via reduced
NMDA receptor activity [67]. Overall, there are several
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indications that pathological alterations of these proteins
are involved in the pathogenesis of psychotic disturbances.
Some conceptual problems arise when considering
that our observed correlations in patients with VaD are
all negative. The classical viewpoint is that increased
CSF levels of Ng, NFL, and GAP-43 represent a pathological state, whereas our results infer the reverse relationship, i.e., high levels of these CSF biomarkers are
associated with low levels of NPS symptoms. Since CSF
biomarker measurements reflect the total output from
ongoing neurobiological processes, and for example,
GAP-43 has been shown to display both region-specific
increases and decreases in the context of neurodegeneration [39, 40, 43], interpretation of this becomes highly
difficult. Additionally, studies have shown that CSF
GAP-43 concentration increase transiently over a period
of approximately 5 months during cerebral ischemia [68]
and then returns to baseline values, making the interpretation of these findings in VaD even more difficult.
However, one could hypothesize that since Ng in patients with VaD is decreased as compared to healthy
controls [69], low levels of Ng and GAP-43 in CSF
should be considered reflective of an increase in neuropathology in the setting of VaD. Conversely, high levels
could be a consequence of an adequate adaptive response to synaptic degeneration resulting in less NPS.
Interestingly, one previous study has shown that high
levels of Ng among Aβ− subjects are protective against
cognitive decline in the setting of MCI, while it is associated with increased cognitive deterioration in AD patients [70]. This further supports the notion that
increased CSF Ng may be associated with different biological mechanisms during dementia progression.
Limitations

Several limitations exist in this study. Our sample size
during subgroup analysis is relatively small, thus increasing the risk of type 2 errors. We conducted multiple correlation analyses in this study, thus increasing the risk of
type 1 errors. All results must therefore be interpreted
with caution, and replication is needed. We have also
combined two different cohorts increasing the heterogeneity of the population. We have also divided the AD
group into “high” and “low” NPS without any quantitative measure for the “low NPS” group. Patients in the
“high NPS” group were specifically selected based on the
presence of dementia and high levels of NPS, defined as
NPI > 10, whereas the “low NPS” group was sampled
from the GEDOC database at Karolinska University
Hospital, and unfortunately, no values for the NPI could
be obtained. Instead, the individual medical records of
participants were obtained and thoroughly searched for
indications of NPS by reading journal entries written by
a specialist in geriatric medicine, neuropsychologist,
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occupational therapists, and curators as well assessments
of other rating scales. Patients were subsequently excluded if there were any signs of significant amounts of
NPS. Additionally, the Cornell score was used as a proxy
due to the overlap in several testing items between
Cornell and NPI providing further support of a significant difference with regard to NPS between the groups.

Conclusions
In summary, we have found some evidence potentially
implicating synaptic and axonal dysfunction in the promotion of NPS. Further research is needed to clearly determine these relationships and evaluate the potential
utility of these biomarkers in a clinical setting.
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