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Abstract
Alzheimer’s disease (AD) is the most common form of dementia characterized by the prevalent memory impairment. Mild
cognitive impairment (MCI) may represent the early stage of AD, in particular when MCI patients show biomarkers consistent
with AD pathology (MCI due to AD). Neuropsychiatric symptoms (NPS) frequently affect both MCI and AD patients.
Cerebrospinal-fluid (CSF) tau and β-amyloid42 (Aβ42) levels are actually considered the most sensitive and specific biomarkers
for AD neurodegeneration. In the present retrospective observational study, we evaluated CSF biomarkers and neuropsycholog-
ical data (also including NPSmeasured by the neuropsychiatric inventory—NPI) in a population of patients affected byMCI due
to AD compared with mild to moderate AD patients. We documented higher NPI scores in MCI compared with AD patients. In
particular, sub-items related to sleep, appetite, irritability, depression, and anxiety were higher inMCI thanAD.We also found the
significant correlation between NPS and CSFAD biomarkers in the whole population of MCI and AD patients. Consistently, t-
tau/Aβ42 ratio correlated with NPS in all the MCI and AD patients. These results suggest the more prevalent occurrence of NPS
inMCI patients showing AD pathology and converting to dementia than AD patients. Moreover, a more significant degree of AD
neurodegeneration, featured by high t-tau/Aβ42 ratio, correlated with more severe NPS, thus supposing that in MCI and AD
patients a more extensive AD neurodegeneration is related to more severe behavioral disturbances.
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Introduction

Alzheimer’s disease (AD) is the most common cause of de-
mentia. It is characterized by a progressive deterioration of
cognition, frequently associated with neuropsychiatric

symptoms (NPS) [1–3]. Both β-amyloid and tau pathologies
occur in AD neurodegeneration. Accordingly, the AD neuro-
pathological changes include the cerebral deposition of both β-
amyloid plaques and tau-related neurofibrillary tangles (NFT).
Corresponding to the neuropathological changes occurring in
AD brain, on the one hand low levels of cerebrospinal fluid
(CSF) β-amyloid42 (Aβ42) are present in AD patients and as-
sociated withβ-amyloid plaques deposit in the whole brain [4];
on the other hand, tau pathology producing neuronal and axo-
nal degeneration in selected brain areas of AD patients (such as
limbic, temporal, and frontal regions [5]) is associated with
increased levels of CSF total (t-tau) and phosphorylated tau
(p-tau) proteins [6]. These CSF biomarkers (Aβ42, t-tau and
p-tau) are useful not only in supporting AD diagnosis, but also
in predicting the conversion of mild cognitive impairment
(MCI) to AD dementia [7–10].

NPS are frequently observed in both MCI and AD patients
[11]. Apathy, depression, agitation, irritability, and sleep
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disturbances are frequent NPS in MCI and AD patients, fur-
ther affecting cognition and daytime functioning [12].
Moreover, NPS may also represent early non-cognitive man-
ifestations of AD neurodegeneration [13, 14] and have been
associated with altered CSF biomarkers in both MCI and AD
patients [15–17]. It has been supposed that higher t-tau and p-
tau CSF levels correlated with apathy in mild AD patients
[15], whereas CSFAD biomarkers changes have been associ-
ated with anxiety, agitation, and irritability in MCI patients
[16, 17]. However, there is paucity of studies measuring
NPS by using the NPI, which is a validated questionnaire to
quantify these disabling symptoms in MCI and AD patients.
Moreover, MCI populations frequently included non-
converter patients, since the diagnosis of MCI was not vali-
dated by AD biomarkers. Although previous reports tried to
quantify the occurrence of NPS in both MCI and AD patients,
no study compared NPS, measured by using the neuropsychi-
atric inventory (NPI), in patients affected by MCI due to AD
to patients affected by mild to moderate AD patients.
Therefore, in this retrospective observational study we aimed
at measuring NPS by using the NPI in patients affected MCI
due to AD compared with patients affected by mild to mod-
erate AD. Furthermore, this study would verify whether CSF
AD biomarkers correlate to NPS in the population of patients
included in this study (MCI due to AD and mild to moderate
AD).

Methods

Subjects

This is a retrospective observational study including drug-
naïve MCI due to AD patients (Mini-Mental State
Examination—MMSE ≥ 24) recruited at the Neurology
Clinic of the University Hospital of Rome BTor Vergata.^
The criteria used to define MCI due to AD included the fol-
lowing widely accepted criteria: cognitive concerns; objective
evidence of cognitive impairment; normal functional activi-
ties; absence of dementia; biomarkers for AD pathology [18,
19]. Moreover, all MCI due to AD patients were followed to
confirm the conversion to AD at follow-up.

Drug-naïve mild to moderate AD patients were also includ-
ed. Patients received the diagnosis of AD at the Neurology
Clinic of the University Hospital of Rome BTor Vergata^ and
at the Department of Neurology of the Medical University of
Graz. The diagnosis of AD was performed according to the
recently proposed version of the diagnostic guidelines [20].
The biomarkers were considered as positive for AD when
decreased CSF levels of Aβ42 and the following abnormalities
were observed: medial temporal lobe atrophy onMRI, cortical
temporo-parietal hypometabolism on [18F]-FDG-PET, and
increased CSF levels of t-tau or p-tau [20].

All patients underwent a standard screening including his-
tory, neurological examination, laboratory tests, neuropsycho-
logical testing including MMSE, brain MRI, and lumbar
puncture (LP) for CSF biomarker analysis in order to assess
Aβ42, t-tau and p-tau levels.

MCI due to AD and AD patients were required to meet the
following entry criteria: no concomitant neurologic or psychi-
atric diseases except cognitive impairment; no use of acetyl-
cholinesterase inhibitors or other drugs active on CNS.
Exclusion criteria were the following: abnormal cell count
(> 4 cells/mcL) at the CSF sample analysis; major medical
illness; drug/alcohol dependence and abuse; lack of a reliable
caregiver; MRI evidence of parenchymal abnormalities.

The study was considered as observational by the
Independent Ethical Committee of BTor Vergata^ University
Hospital of Rome and performed according to the STROBE
statement. Patients provided their informed consent to the
study.

Neuropsychiatric and neuropsychological assessment

To obtain a global index of cognitive impairment, the MMSE
was administered, with scores ranging from 30 (no impair-
ment) to 0 (maximum impairment).

NPI was used tomeasure behavioral symptoms inMCI and
AD patients (delusions, hallucinations, agitation/aggression,
dysphoria/depression, anxiety, euphoria/elation, apathy/indif-
ference, disinhibition, irritability/lability, aberrant motor be-
haviors, nighttime behavioral disturbances, and appetite/
eating disturbances) [21]. The score for each dimension
ranges from 0 to 12, with a maximum total score of 144 in
the 12-item version.

CSF collection and analysis

CSF collection was performed as previously reported by LP
performed in the decubitus position with an atraumatic needle
[22]. CSF was collected in polypropylene tubes using stan-
dard sterile techniques. The first 4 ml CSF sample was used
for biochemistry routine analysis. Another 4 ml CSF sample
was centrifuged to eliminate cells and cellular debris, and
immediately frozen at − 80 °C to measure t-tau, p-tau, and
Aβ42 levels. CSF Aβ42, t-tau, and p-tau levels were deter-
mined according to previously published standard procedures,
using commercially available sandwich enzyme-linked immu-
nosorbent assays (ELISA) (Innotestβ-Amyloid 1-42, Innotest
h-T-tau, Innotest Phospho-T-tau 181; Innogenetics, Ghent,
Belgium). The pathological cut-off level for CSF t-tau, p-
tau, and Aβ42 was set at > 350 pg/ml, > 50 pg/ml, and <
500 pg/ml, respectively. The t-tau/Aβ42 ratio was also calcu-
lated, and the cut-off > 0.52 was considered to represent the
CSFAD profile [9].
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Data and statistical analysis

For the statistical analysis, we used a commercial software
(Statistica 10.0 program; Statsoft Inc., Tulsa, OK, USA).

The Kolmogorov-Smirnov test was used to check for nor-
mal distribution of the obtained data. Student’s t test was used
to compare data between MCI and AD patients. Correlations
between the CSF biomarkers levels and neuropsychological
data were performed by utilizing Pearson correlation test. Data
were analyzed with a significant p value of 0.05 compensated
by the Bonferroni correction for multiple comparisons among
total scores.

Results

Demographic and clinical data of patients
and controls

Sixty-five patients were observed in the two centers from
September 2012 to May 2017 and included in this observa-
tion. On the basis of the diagnostic criteria for AD and MCI
due to AD, 20 patients were included in MCI due to AD
group, while 45 patients were included in AD group.

Demographic and clinical features of MCI and AD patients
are summarized in Table 1.

CSF data

All MCI and AD patients showed the t-tau/Aβ42 ratio over
0.52, the cut-off validated for AD pathology diagnosis
(Table 1). However, we did not find differences in CSF data
between MCI due to AD and mild to moderate AD patients
(Table 1).

Neuropsychological data

As expected, we documented lower MMSE scores in mild to
moderate AD compared with MCI due to AD patients. NPI
total score was lower in mild to moderate AD compared with
MCI due to AD patients (Table 2). Considering the sub-items
of the NPI, depression, anxiety, sleep, appetite, and irritability
presented higher scores in the MCI due to AD group com-
pared with mild to moderate AD group (Table 2).

Correlations between CSF AD biomarkers
and neuropsychological data

Considering the correlations between NPI and CSF bio-
markers in the whole group of MCI and AD patients, we
found the positive correlation of t-tau/Aβ42 ratio with the
sub-items of NPI related to irritability (R = 0.42, p < 0.05),
sleep disturbances (R = 0.49, p < 0.005), and eating distur-
bances (R = 0.37, p < 0.05). Moreover, the t-tau/Aβ42 ratio
correlated positively with the global NPI score (R = 0.51,
p < 0.01).

Discussion

NPS occur in the majority of patients affected by MCI or AD
and may negatively impact on patients’ and caregivers’ qual-
ity of life [11, 23, 24]. Consistently, NPS should be inquired
and treated as necessary, since they have important implica-
tions for patients and caregivers [25].

This study investigated the occurrence of NPS in bothMCI
due to AD and mild to moderate AD patients. Moreover, it

Table 1 Demographic, clinical, and CSF data of MCI and AD patients

MCI (n = 20)
Mean (SD)

AD (n = 45)
Mean (SD)

p value

Age (years) 69.7 (6.2) 66.37 (9.24) NS

Sex (F:M) 12:8 29:16 NS

Education (years) 8.85 (4.43) 8.47 (4.27) NS

Disease duration (months) 16.9 (5.1) 26.3 (6.4) < 0.05

MMSE 26.8 (1.6) 22.4 (1.24) < 0.001

T-tau (pg/ml) 664.9 (393.7) 735.58 (381.31) NS

P-tau (pg/ml) 109.2 (78.3) 99.7 (48.17) NS

Aβ42 (pg/ml) 454.1 (118.5) 491.15 (187.28) NS

T-tau/Aβ42 ratio 1.6 (1.1) 1.66 (1.01) NS

MCI, mild cognitive impairment; AD, Alzheimer’s disease; F, women;M,
men; T-tau, total tau; P-tau, phosphorylated tau; Aβ42, amyloid-beta-42;
MMSE, Mini-Mental State Examination; SD, standard deviation; NS, not
significant

Table 2 Neuropsychiatric symptoms in MCI and AD patients

NPI MCI (n = 20)
Mean (SD)

AD (n = 45)
Mean (SD)

p value

Delusions 0.7 (2.2) 0.53 (1.96) NS

Hallucinations 0.3 (1.3) 0.9 (0.6) NS

Agitation/aggression 0.7 (1.3) 0.53 (1.08) NS

Dysphoria/depression 3.2 (2.8) 2.09 (2.34) < 0.01

Anxiety 2.5 (2.2) 1.71 (2.35) < 0.05

Euphoria/elation 0.2 (0.9) 0.2 (0.79) NS

Apathy/indifference 1.9 (2.6) 2.29 (2.76) < 0.05

Disinhibition 0.3 (1.3) 0.16 (0.67) NS

Irritability/lability 2.5 (3.3) 1.4 (2.24) < 0.05

Aberrant motor behavior 0.4 (1.8) 0.51 (1.67) NS

Nighttime disturbances 1.9 (3.4) 0.64 (1.59) < 0.01

Appetite/eating disturbances 1.5 (2.5) 0.49 (1.62) < 0.01

Total score 16.1 (11.0) 10.87 (9.09) < 0.01

MCI, mild cognitive impairment; AD, Alzheimer’s disease; NPI,
Neuropsychiatric Inventory; SD, standard deviation; NS, not significant
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evaluated the possible relationships between NPS and CSF
AD biomarkers in both populations of drug-naïve patients
included in the study. Accordingly, in the MCI due to AD
group we have exclusively included patients affected by
MCI with the biomarkers’ assessment consistent with AD
neurodegeneration [20]. Consistently, all MCI patients con-
verted to AD at follow-up, thus confirming the underlying
AD pathology. The main result of this study was the different
prevalence of NPS in both cohorts of patients. In particular, it
appeared evident that MCI patients showed higher NPI total
scores than AD patients. This finding is quite novel consider-
ing the previous literature about NPS inMCI and AD patients.
Moreover, we documented the association between patholog-
ical CSF AD biomarkers and NPS in MCI and AD patients.
Briefly, the t-tau/Aβ42 ratio, a well validated index of neuro-
degeneration in patients affected by AD pathology [26], cor-
related with more severe NPS. The NPI was used to evaluate
NPS; it is an Italian [27] and German [28] validated question-
naire widely used in MCI and AD patients to investigate the
presence of NPS, such as irritability, sleep disturbances, apa-
thy, and depression. As shown by numerous studies, the prev-
alence of NPS inMCI and AD patients is very high and trends
to increase with the progression of cognitive impairment, thus
further limiting the activity of daily living and reducing the
quality of life of patients and caregivers [29]. However, we
documented higher scores of the NPI sub-items related to
depression, anxiety, sleep impairment, appetite dysregulation,
and irritability in MCI with respect to AD patients. This find-
ing is partially in contrast with previous observations.
However, it has been already documented that NPS, and par-
ticularly depression, are frequently present in MCI patients
and associated with a higher rate of progression to dementia
[30–32]. Moreover, sleep impairment has been widely docu-
mented in MCI patients, and particularly in those showing
biomarkers consistent with AD pathology [33, 34]. Hence,
the higher NPI scores found in the MCI due to AD group
could be related to the fact that exclusively patients showing
the core features of AD pathology and the conversion to AD
dementia were included in this study.

Although the importance to investigate NPS in MCI
and AD patients is widely accepted, the literature studying
the relationships between brain AD processes and NPS is
limited. NPS have been associated with metabolic dys-
function in brain networks subserving mood and cogni-
tion [12, 13]. It has been documented that agitation is
associated with greater NFT burden in the orbitofrontal
cortex in AD patients, as well as apathy is related to a
more marked deposition of tau proteins in the anterior
cingulate cortex in AD patients [35]. Moreover, psychosis
has been associated with NFT in the frontal cortex and
amyloid plaques in presubiculum in AD [36]. These data
were predominantly achieved in post-mortem brain stud-
ies, but less evidence is present in clinical studies. In the

present report, carried out in a population of MCI due to
AD and mild to moderate AD patients, we found several
correlations linking CSF AD biomarkers to NPS. In par-
ticular, in patients presenting the higher t-tau/Aβ42 ratio, a
marker of AD neurodegeneration, NPI showed the higher
total scores. Therefore, NPS may possibly represent a
marker of the more severe neurodegeneration in MCI
and AD patients. In the same view, the association be-
tween NPS and CSF t-tau/ Aβ42 ratio may be related to
the more significant neurodegeneration present in the
frontal brain regions of AD patients [31]. In agreement
with this observation, previous studies showed that focal
cortical hypometabolisms in frontal areas are associated
with apathy, agitation and disinhibition, and psychosis in
AD patients [37]. Therefore, NPS in MCI and AD patients
are related to a more significant degree of neurodegener-
ation. However, the lack of correlation between CSF Aβ42

levels and NPS may be explained by the fact that amyloid
deposits itself diffusely in the whole brain and not in
selected areas [37]. Conversely, the relationships between
CSF t-tau/Aβ42 ratio and NPS may be driven by tau pa-
thology, which is considered a strong marker of the neu-
ronal focal injury in the AD process and can be responsi-
ble for the occurrence and persistence of neuropsychiatric
and cognitive symptoms. Since the combined t-tau/Aβ42

ratio may possibly represent a more sensitive predictor of
cognitive and non-cognitive outcomes [38], our hypothe-
sis is that it may better reflect the severity of the neuro-
degenerative processes, which may in turn be responsible
for the greater severity of NPS.

We are aware that this study has several limitations. Themain
limitation is the retrospective nature of the study. Moreover, the
small sample of patients included and the cross-sectional analy-
sis further limited our study. However, the strength of this study
is the inclusion ofMCI andAD patients showing the biomarkers
consistent with AD pathology. Moreover, the AD pathology
underlying MCI condition was confirmed by the follow-up
showing the conversion from MCI to AD in all patients includ-
ed. In conclusion, this study can represent a preliminary clinical
impression about the more frequent occurrence of some NPS in
MCI due to AD patients. However, the occurrence of a more
severe behavioral profile in MCI than in AD patients can also
represent the consequence of less awareness or reduced internal-
ly driven feeling in AD patients. Hence, further studies should
be performed to better investigate behavioral disturbances in
MCI and AD patients and to confirm the possible link between
a more severe degree of neurodegeneration and NPS in the AD
neurodegenerative process.
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