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Abstract Behavioral and psychological symptoms of
dementia (BPSD) represent common manifestations among
patients affected by Alzheimer’s disease (AD). Some
reports have recently classified BPSD into specific clusters/
subsyndromes exploring the internal structure of the
Neuropsychiatric Inventory (NPI). We evaluated whether
specific behavioral subsyndromes are associated with
worsening cognitive function. Mild to moderate AD
patients were recruited from the cohort of the Impact of
Cholinergic Treatment USe (ICTUS) study. Neuropsychi-
atric symptoms were classified in three subsyndromes,
identified at baseline, grouping different combinations
of NPI items: (1) “psychotic” (“delusions” and/or
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“hallucinations™); (2) “affective” (*“agitation” and/or
“depression” and/or “anxiety” and/or “irritability”); and
(3) “behavioral” (“euphoria” and/or “apathy” and/or
“disinhibition” and/or “aberrant motor behavior”). Mixed
model analyses were performed to measure six-monthly
changes in the ADAS-Cog score over a follow-up of
2 years, according to these subsyndromes. All analyses
were stratified according to AD severity as defined by the
Clinical Dementia Rating (CDR). A total of 1,375 AD
subjects were recruited. No NPI cluster was found to sig-
nificantly (p < 0.05) affect the rate of cognitive decline
across the 3 CDR classes. Our results suggest that the
cognitive course of AD is not substantially influenced by
the presence of specific neuropsychiatric phenotypes. Fur-
ther studies are needed to extend the present findings and
identify possible biological and clinical bases for behav-
ioral subsyndromes.

Keywords Alzheimer’s disease -
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Introduction

Behavioral and psychological symptoms of dementia
(BPSD) are common features in patients with Alzheimer’s
disease (AD) [1]. BPSD have been associated with several
negative outcomes (including worsened quality of life [2],
functional impairment [3], greater caregiver’s burden [4],
and higher hospitalization rates [5]). BPSD represent
extremely dynamic conditions. Their severity does not
linearly progress, but exponentially increases over the
course of the disease [6]. Their clinical manifestation may
be influenced by different factors such as the patient’s age
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at the onset of dementia (BPSD are less likely in patients
with early-onset AD) [7], gender (for example, hallucina-
tions and delusions are more common in women) [8], and
concomitant pharmacological treatments. Moreover, each
BPSD symptom is characterized by different biological [9],
neuropathological [10], and psychosocial [11] correlates.
Finally, specific BPSD symptoms (e.g. apathy [12] or
psychosis [13]) have shown to predict the risk of faster
cognitive decline in AD. Therefore, BPSD represent a
group of major factors contributing to the heterogeneous
expression of the AD phenotype. Despite the above men-
tioned clinical variability, BPSD are mostly considered in
literature as a single manifestation and rarely investigated
while taking into account potential confounders (e.g.
severity of dementia) by stratifying the study samples. This
may have interfered with the correct assessment of their
capacity to predict different clinical trajectories over the
course of AD.

During the last two decades, several studies have been
conducted with the aim of identifying possible AD sub-
syndromes defined according to the presence of different
BPSD. Most of these studies were based on the exploration
of the internal structure of the Neuropsychiatric Inventory
(NPI) [14], the most widely adopted and recommended
[15] clinical tool for evaluating BPSD. The idea of com-
bining specific symptoms into clusters and subsyndromes
may provide novel markers of risk, facilitate the under-
standing of the neuropathophysiological foundation of the
disease, and help at better targeting preventive and thera-
peutical interventions.

The present study is aimed at evaluating whether spe-
cific subsyndromes composed by the combinations of dif-
ferent behavioral symptoms are associated with steeper
decline of cognitive function in a cohort of mild to mod-
erate AD patients. Therefore, we measured the longitudinal
modifications (during a follow-up of 2 years) of the Alz-
heimer’s Disease Assessment Scale-Cognitive subscale
(ADAS-Cog) [16] score according to three BPSD subsyn-
dromes derived from the 10-item version of the NPI [14] in
the Impact of Cholinergic Treatment USe (ICTUS) study.

Methods

The ICTUS study has been previously described elsewhere
[17]. Briefly, the ICTUS study is a prospective, multicenter
cohort study aimed at evaluating the natural history,
treatment outcomes, and socioeconomic impact of AD in
Europe. All the 29 participating centers from 12 European
countries were members of the European Alzheimer Dis-
ease Consortium (EADC), a network of clinical and
research institutions specialized in the diagnosis and
treatment of AD. The participating centers were grouped
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into four clusters (Northern, Western, Eastern and Southern
Europe) according to the established UN-classification of
European countries [18]. Clustering was used as a proxy
for the healthcare- and welfare-system reflecting the
European North-to-South gradient [19].

The following inclusion criteria were adopted in the
ICTUS study: (1) diagnosis of probable AD made
according to National Institute of Neurological and Com-
municative Disorders and Stroke-Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA) criteria
[20]; (2) Mini Mental State Examination (MMSE) [21]
score ranging from 10 to 26; (3) living in the community
with the presence of a well-identified, informal caregiver;
(4) absence of known conditions reducing to less than
2 years the patient’s life expectancy; and (5) ability to sign
an informed consent. After the baseline assessment
(occurred between February 2003 and July 2005), partici-
pants received follow-up for 2 years with mid-term
re-evaluations every 6 months.

The study was approved by the Ethics Committee of the
Toulouse University Hospital (coordinating center) and at
individual centers by local or national ethical committees.
All the study participants provided written informed
consent.

At the baseline assessment and at each follow-up visit, a
comprehensive clinical and neuropsychological assessment
was performed. In particular, the following scales and
questionnaires were administered to evaluate the neuro-
logical, functional, and social factors of participants:
Clinical Dementia Rating (CDR) [22], MMSE [21],
ADAS-Cog [16], Zarit Burden Interview (ZBI) [23], NPI
[14], Activities of Daily Living scale (ADL) [24], and
Instrumental Activities of Daily Living scale IADL) [25].
Moreover, at every visit, concomitant pharmacological
treatments were recorded.

Cohort stratification

For the present analyses, we chose to stratify the study
sample into three groups according to the severity of
dementia, consistently with the different manifestations
of BPSD occurring over the AD course. The severity of
dementia was defined by the CDR score, and the three
groups of severity were identified as (1) CDR equal to 0.5,
(2) CDR equal to 1, and (3) CDR equal to or higher than 2.

Independent variables

In the ICTUS study, BPSD were assessed with the 12-item
NPI version [26]. The NPI consists of a retrospective (up to
1 month) assessment of ten (in its original version [14]) or
twelve (in a subsequent version [26]) neuropsychiatric
symptoms commonly present in dementia. Each symptom
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is rated, when present, in terms of severity (ranging from 1,
“mild”, to 3, “severe”) and frequency (ranging from 1,
“occasionally”, to 4, “very frequently”). If the symptom is
absent, the domain scores equals zero. The score of each
item is then calculated by multiplying severity x frequency,
thus obtaining a score ranging between O and 12. The total
NPI score is finally obtained by adding all the single item
scores (thus, ranging from 0 to 120 or 144, according to the
adopted version) with higher scores indicating greater
psychopathology. In our study, each symptom was con-
sidered only if “clinically relevant”, that is, defined by a
NPI frequency x severity score equal to or higher than 4.

The NPI items were grouped at baseline into three sub-
syndromes previously identified in the literature [27], com-
posed by different combinations of the following symptoms:
(1) “psychotic” cluster (“delusions” and/or “hallucina-
tions” items); (2) “emotional” cluster (“agitation/aggres-
sion” and/or “depression/dysphoria” and/or “anxiety”
and/or ““irritability” items); (3) “behavioral” cluster
(“elation/euphoria” and/or “apathy” and/or “disinhibition”
and/or “aberrant motor behavior” items). The items “sleep
and night-time behavior disorders” and “appetite and eating
disorders” were not adopted in the present analyses because
they were not included in the subsyndromes derived by
Garre-Olmo and colleagues [27] on the basis of the 10-item
version of the NPI. In this context, we observed that among
studies exploring the internal structure of the NPI in order
to define behavioral syndromes, more consistent results
were obtained by adopting the 10-item version of the NPI
rather than the more recent 12-item one.

Dependent variable

Modifications of the ADAS-Cog [16] score were considered
as outcome variables of interest. The ADAS-Cog represents
the most widely adopted cognitive outcome measure in AD
trials. It includes eleven items assessing different cognitive
domains (memory, language, and praxis). The scores of
each item are summed to generate a total score, indicating
the severity of the cognitive impairment. The total ADAS-
Cog score ranges from O to 70, with higher scores indicating
greater cognitive impairment.

Covariates

The following variables were considered as potential con-
founders to be included in the adjusted statistical models:
age, sex, education.

Statistical analysis

In order to compare the baseline characteristics between
the 3 CDR subgroups, we used > or Fisher’s exact (for

expected values <5) test for categorical variables, Fisher
tests for quantitative variables with Gaussian (normal)
distributions, and non-parametric tests (Kruskal-Wallis
test) for quantitative variables without normal distributions.

In order to compare changes over time for ADAS-Cog
scores between patients with NPI symptoms and patients
without NPI symptoms for each group of CDR score, we
used linear mixed-effect models with random intercepts
and random slopes to take into account the heterogeneity of
baseline scores and individual slopes over time. In the
group of CDR score = 0.5, the terms time” and time® were
significant, showing that the ADAS-Cog slope is cubic. In
the group of CDR score = 1, only the term time® was
significant, showing that the ADAS-Cog slope is quadratic
in this group. In the group of CDR score >2, the terms
time? and time®> were not significant, showing that the
progression of ADAS-Cog is linear in this group.

Two models were used. Model 1 was an unadjusted
model and included the following variables as fixed effects:
NPI symptom, time and NPI symptom x time interaction
term. Model 2 was adjusted including the same terms as
model 1, as well as potential confounders (PC) and their
interaction with time. The PC was gender, age and edu-
cation (number of years of formal education including
primary school).

p values were based on two-sided tests and were con-
sidered statistically significant if p < 0.05.

Statistical analyses were performed using SAS 9.3
software (SAS Institute Inc., Cary, NC, USA).

Results

The main characteristics of the study sample at the baseline
assessment are shown in Table 1. A total of 1,375 AD
subjects (64.7 % women) were recruited in the ICTUS
study. Nevertheless, the present analyses were conducted
on 1,372 subjects due to missing data in three patients. The
sample population had a mean age of 76.3 (SD 7.7) years.
Patients showed a moderate cognitive impairment (mean
MMSE and ADAS-Cog scores of 20.4, SD 3.9, and 21.0,
SD 9.6, respectively). The sample had a mean NPI score
of 13.0 (SD 13.7). Almost 90 % of participants had a
CDR score equal to 0.5 or 1, whereas only 13.3 % had
more severe stages of AD. The three CDR subgroups
were significantly different for age (p < 0.001) and gen-
der (p = 0.02), but comparable for AChE-I treatment
(p = 0.54).

The “psychotic” subsyndrome was identified in 145
(10.7 %) subjects, the “emotional” subsyndrome in 607
(44.6 %) subjects, and the “behavioral” subsyndrome in
528 (38.9 %) subjects. Nearly 40 % of patients didn’t
exhibit any BPSD. As expected, the prevalence of all the
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Table 1 Baseline characteristics of the cohort

CDR = 0.5 (n = 584) CDR =1 (n = 606) CDR > 2 (n = 182) P

Age (years) 747+ 7.3 773 £ 7.7 78.0 + 8.0 <0.001
Gender (women) 60.6 68.0 67.0 0.02
Education time (years) 8.3 £ 4.8 7.8 £4.5 74 +43 0.05
Diabetes 10.6 11.2 17.6 0.03
Hypertension 36.6 38.7 47.2 0.04
Ischemic heart disease 13.4 13.7 12.1 0.85
Stroke 7.4 8.1 9.3 0.68
Seizures 1.4 1.2 1.1 0.94
Neurological focal signs 1.7 3.8 5.6 0.02
Parkinsonism 2.7 2.8 10.1 <0.001
MMSE 225 + 3.1 19.7 + 3.6 16.5 + 3.5 <0.001
ADL 58+ 04 544+08 43+ 1.3 <0.001
IADL 63+ 1.6 44 +£19 22+ 1.6 <0.001
7ZBI 16.1 £ 124 23.6 + 15.1 28.8 + 14.5 <0.001
AChE-I 88.4 90.3 90.1 0.54
ADAS-Cog 16.7 £ 7.1 224 + 8.8 304 + 10.9 <0.001
NPI total 8.6 £9.6 14.6 + 142 22.0+17.3 <0.001
NPI subsyndromes

Psychotic 4.3 12.2 25.8 <0.001

Emotional 38.2 46.0 60.4 <0.001

Behavioral 24.8 46.3 59.3 <0.001

Values are expressed as % or mean + SD

AChE-I acetyl-cholinesterase inhibitors, ADAS-Cog Alzheimer’s disease assessment scale-cognitive subscale, ADL activities of daily living,
CDR clinical dementia rating, IJADL instrumental activities of daily living, MMSE mini mental state examination, NP/ neuropsychiatric

inventory, SD standard deviation, ZBI Zarit Burden interview

neuropsychiatric subsyndromes increased with the severity
of dementia.

The evolution of ADAS-Cog scores from baseline to
24 months according to the three behavioral subsyndromes
of interest is presented in Table 2. Overall, all participants
presented a worsening of the ADAS-Cog score after
2 years of follow-up, with worse results for those having
more severe stages (i.e., CDR > 2) of the Alzheimer’s
disease at the baseline. The differences in ADAS-Cog
scores between patients exhibiting and not-exhibiting
specific subsyndromes at each follow-up assessment are

Table 2 ADAS-Cog score modifications from baseline to 24 month
assessments according to the three behavioral subsyndromes of
interest

ADAS-Cog (baseline-24 month)

CDR = 0.5 CDR =1 CDR > 2
Psychotic 6.26 £ 2.29 10.03 £ 1.75 14.98 £ 2.89
Emotional 6.24 £ 0.76 8.45 £ 0.78 14.45 £ 1.65
Behavioral 5.40 £ 0.96 8.47 £ 0.79 15.50 £ 1.63

Values are expressed as means + SE
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shown in Table 3. No statistical significance was reported
for the ADAS-Cog differences between participants with
and without specific subsyndromes over the follow-up
across the three different CDR groups (all p values >0.05).
Nevertheless, suggestive results (p < 0.1) were found. In
the group of participants with CDR equal to 0.5, subjects
with the “psychotic” subsyndrome were found to cogni-
tively decline more rapidly compared to CDR 0.5 partici-
pants without psychotic symptoms only at the 12-month
assessment [ADAS-Cog modification +2.33, standard
error, (SE) 1.29; p = 0.07]. However, such a trend was not
confirmed at the following evaluations. More interestingly,
in participants with a CDR > 2, the presence of the
“behavioral” subsyndrome was associated with a faster
cognitive decline at each follow-up visit compared to
participants in the same CDR group but without behavioral
symptoms. In fact, the ADAS-Cog difference between
participants with and without the subsyndrome was +1.09
(SE 0.60) at 6 months (p = 0.07), +2.18 (SE 1.20) at
12 months (p = 0.07), +3.26 (SE 1.80) at 18 months
(p = 0.07), and +4.35 (SE 2.40) at 24 months (p = 0.07).
After adjusting for potential confounders, results were
substantially confirmed (Table 3).
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conditions. They are known to not progress linearly and to
markedly fluctuate during the course of the disease. This
may have affected the stability over time of the adopted
behavioral clusters (e.g. some patients may have changed
their neuropsychiatric phenotype during the follow-up).
Second, we considered for the composition of subsyn-
dromes only “clinically relevant” behavioral symptoms,
defined in line with previous studies [30-32]. It may be
hypothesized that BPSD might more significantly influence
the progression of cognitive decline when reaching a
higher severity. Third, we observed in our cohort a rate of
dementia progression, measured as variations in ADAS-
Cog scores, that was significantly slower than other
observational studies. The progression of the disease in
mild to moderate AD patients has been estimated as a gain
of 5.5 points on the ADAS-Cog per year for a population
with a mean baseline value of 25 [33]. In our cohort, we
observed a slower progression of the disease (mean ADAS-
Cog modification per year: +3.62 in the first year, +4.58 in
the second year of follow-up) which may have underesti-
mated our findings.

Besides these limitations, our study still has several
strengths. First, our analyses were conducted in a large
sample size of AD patients, followed over a relatively long
follow-up. These characteristics of the ICTUS study are not
common in the literature, given the difficulties of con-
ducting research projects in patients with dementia [34].
Moreover, the study design with semi-annual clinical
assessments provided a detailed monitoring of cognitive
changes. Finally, our analyses were stratified according to
dementia severity, allowing the correct investigation of
cognitive decline, given the well-established tendency
of BPSD to increase over the course of the disease.

In conclusion, our study represents the first attempt at
evaluating BPSD subsyndromes in the prediction of dif-
ferent cognitive decline trajectories in AD patients. Our
findings, despite some suggestive results, indicate that the
identification of specific behavioral phenotypes does not
allow for accurate prediction of the rate of cognitive
decline. In consideration of their relevant heterogeneity,
BPSD and, consequently, neuropsychiatric subsyndromes,
should always be investigated taking into account potential
confounders by stratifying the study samples. In particular,
their marked variability over time should be necessarily
held in high consideration. Further studies are needed to
confirm our findings and specifically explore the predictive
value of behavioral subsyndromes in AD patients.
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