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Abstract
Background—Neuropsychiatric symptoms (NPS) are common in Mild Cognitive Impairment
(MCI) and Alzheimer's Disease (AD) and often measured using the Neuropsychiatric Inventory
(NPI). Development of validated subscales that measure clinically meaningful symptom clusters
would improve capacity for individualized treatment and assessment of treatment interventions.
We report preliminary validation of three NPI Questionnaire (NPI-Q) subscales derived from
examination of the existing exploratory literature and clinical knowledge.

Methods—The validity of subscales that assess Frontal, Agitation/Aggression, and Mood
symptoms (based on NPI-Q-10 item scores) was ascertained by comparison of cross-sectional data
from amnestic MCI and AD dementia cases from the National Alzheimer's Coordinating Center
(NACC) and Alzheimer's Disease Neuroimaging Initiative (ADNI) databases. The statistical
approach was confirmatory unrotated principal component analysis.
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Results—ADNI contributed 103 MCI, 90 MCI-converters and 112 AD dementia cases while
NACC had 1042, 763, and 3048. Baseline mean age was higher in NACC (74.6 vs 75.7). Patients
in NACC were significantly more impaired at last visit on MMSE (mean scores 19.5 vs 22.4) and
NPI-Q-10 (5.0 vs 4.3), as well as for each of the three subscales (NPI-Q-4-Frontal, NPI-Q-4-
Agitation/Aggression, and NPI-Q-3-Mood than ADNI (at month 24). Medians were not different
for Agitation/Aggression or Mood subscales, however. Each item on all scales contributed
variance in PCA Pareto plots. All items in Factor (F) 1 for each scale projected in a positive
direction on biplots (coherence), while F2 and F3 items showed more spatial separation
(independence). Scale analyses showed remarkable similarities between ADNI and NACC cohorts
for factor loadings and spatial patterns of item projections, though factor item identities varied
somewhat, especially beyond F1.

Conclusions—The similar pattern of results across two cohorts of patients support the validity
of these constructs. These subscales are worthy of further psychometric evaluation in patients with
MCI and AD dementia and preliminary application in clinical settings.

Keywords
Neuropsychiatric symptoms; Alzheimer's disease; Neuropsychiatric Inventory; subscales

Objective
Alzheimer's Disease(AD) is looming as a public health problem of epidemic proportions and
it comprises cognitive, language and other neuropsychiatric symptoms (NPS) (1). The
disease process begins decades prior to the diagnosis of dementia due to AD, and NPS are
apparent even in the Mild Cognitive Impairment (MCI) stage where certain NPS predict
conversion to AD dementia (2,3). Noncognitive NPS include affective, psychotic and
behavioral symptoms and are associated with decreased function and quality of life,
increased caregiver burden, and institutionalization (4-7).

The Neuropsychiatric Inventory (NPI) is the most widely used rating scale for NPS in
patients with dementias and other neurological disorders (8,9). The original version included
10 symptom domains: delusion, hallucination, depression, anxiety, agitation/aggression,
euphoria/elation, disinhibition, irritability/lability, apathy, and aberrant motor activity. It was
later amended adding items assessing night-time behavior disturbances and changes in
appetite/eating behaviors (the NPI-12). The NPI is administered during an interview with a
caregiver who has daily contact with the patient. A positive response to each screening
question is followed by a series of subquestions which are rated for frequency and severity
of that symptom domain per the caregiver. Each positive domain is also rated for its severity
of caregiver distress. The NPI has satisfactory validity and reliability in outpatient settings
(8) with high scores for content validity across all items, and acceptable concurrent validity
compared to standard instruments used to measure NPS in neurologically impaired patients.

Several alternate versions of the NPI are used in research and other settings. The NPI-
Nursing Home version (NPI-NH) was developed for ratings by caregivers in institutional
settings (10). The NPI Questionnaire (NPI-Q) is a briefer version which includes ratings of
domain severity only (not frequency) and was developed for use in general clinical practice
or epidemiological research settings (11). The NPI-Q is a caregiver-report questionnaire,
versus a clinician administered caregiver interview, and can be completed in 5 minutes or
less. The NPI-Q has good test-retest reliability and convergent validity, correlating with the
full NPI at 0.91 (11). More generally, the measure has acceptable psychometric properties
and is a good brief measure of NPS and associated caregiver distress (11).
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There have been extensive efforts to identify clusters or syndromes of NPS that may identify
meaningful subgroups of patients, or that might predict treatment course or outcomes for
patients with dementia. The Alzheimer's Association's Professional Interest Area committee
on NPS in AD reviewed diagnostic and translational data for five proposed syndromes –
depression, psychosis, agitation, apathy and sleep (12). Some clusters have been studied in
great detail, in particular domains that address symptoms of psychosis (13) and verbal and
physical agitation and aggression (14).

There are a number of published exploratory analyses of the NPI, in diverse samples that
include different types and acuity of dementias. These typically yield solutions ranging from
3-5 factors. Despite some differences among reports, common factors emerge for symptom
clusters that encompass items describing agitation and aggression, psychosis, and mood,
with apathy usually either loading alone on a factor or combined with mood. Most studies
have relied on exploratory factor analysis or principal component analysis of NPI scores
rather than confirmatory modeling of symptom domains or psychometric validation of
derived subscales. One exception is the development of an agitation-aggression subscale
within the NPI-NH composed of the agitation/aggression, irritability/lability, disinhibition,
and aberrant motor behavior domains (10). This subscale accounted for 60% of the variance
in Cohen-Mansfield Agitation Inventory total scores (10). This was a small study (n=69) and
to our knowledge, the scale has not been utilized in other research applications.

In the interest of furthering our knowledge of neurological substrates and management of
NPS syndromes, we analyzed NPI-Q data from MCI and AD dementia patients in two
publically available databases, National Alzheimer's Coordinating Center (NACC) and
Alzheimer's Disease Neuroimaging Initiative (ADNI). We developed NPI-Q subscales for
agitation/aggression, mood, and frontal syndromes, whose compositions were determined
based on an overall interpretation of the exploratory factor analysis literature and knowledge
of functional neuroanatomy. We hypothesized that the NPI-Q subscales measure valid NPS
constructs and utilized findings from two large cohorts to demonstrate that point. We used
PCA to ascertain how the components of these subscales related to each other, including if
they contributed separately to the subscale as well as whether the items reflected a common
phenotypic dimension. Comparisons between two cohorts were used to further confirm
validity of the subscales. We also applied the Gabriel biplots method to PCA findings, a
well-described method in literature (15,16), to visually interpret multivariate data and
discern item relationships between factors.

Methods
Subjects and Procedures

ADNI is a multisite, multi-study program funded by a public-private partnership to
investigate whether the combination of neuroimaging, biological markers, and clinical and
neuropsychological assessments can accurately track disease progression in AD. We
analyzed the ADNI data released in Sept 2010. At that time, 819 subjects had been recruited,
with 229 elderly controls, 402 amnestic MCI (aMCI) patients, and 188 AD dementia
patients. Those with aMCI who converted to dementia were 172 of the 402 cases. Subjects
were assessed every 6 months for the first 2 years and every 12 months thereafter. Inclusion
criteria for AD dementia, aMCI, and control subjects can be found at ADNI Website (http://
www.loni.ucla.edu/ADNI). We analyzed the NPI-Q and Mini Mental State Exam (MMSE)
data collected in AD dementia and aMCI patients at the 24-month visit, along with their
demographic data at entry into the study, using the diagnostic assignments made by ADNI.
A subset of those aged >50 and with NPS (NPI-10>0) were selected for this report.
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We analyzed data provided by NACC from a longitudinal study at 29 National Institute on
Aging (NIA)-funded Alzheimer's Disease Centers (ADCs) across the United States. Data
were transferred to our study site in June 2011. Data are collected at approximately annual
visits for up to 7 years, in three samples of older adults: normal, cognitively impaired, and
with various dementias including due to AD. In total, there were 8462 subjects. NPI-Q and
MMSE scores were measured at the last visit and demographic data at entry into the study.
We first excluded nonMCI cognitively impaired patients, nonamnestic MCI and normal
persons before analyzing the NPI-Q data in AD dementia, MCI converters, and aMCI
patients collected at their last visit (N Visits: Mean=4, Min=2, Max=7). However, because
some diagnoses could change across visits, we assigned diagnoses based on each
individual's progression path using the following algorithm:

1. If the patient did not start with AD (or AD contributing), was at least aMCI or
nonamnestic MCI once, and ended with AD (or AD contributing), then that patient
was categorized as an MCI converter.

2. Otherwise, we used the diagnosis at the last visit. However, we excluded patients
whose last status was aMCI, but had AD (or AD contributing) in the previous visit
(e.g., progression of AD-AD-aMCI).

After this process, we had 3710 AD dementia, 978 MCI Converter, 1792 aMCI, 324
Cognitively Impaired without MCI, 496 nonamnestic MCI, and 550 normal patients. The
total number of AD dementia, MCI Converter, and aMCI cases that were analyzable in our
NACC cohort was 6480, from which a subset aged >50 and with NPS was selected.

While both databases included MCI and AD dementia patients, the ADNI cohort is, in
general, less advanced in disease stage than is the NACC cohort, and analyzing both
databases lends more breadth to the understanding of how subscales perform across these
patients. In both samples we chose to analyze a later point in time within the available
longitudinal data in anticipation of capturing a greater severity of symptoms. We chose to
include both aMCI and AD dementia (including MCI converters) so we had a larger range of
scores to analyze [hereafter aMCI is referred to only as MCI]. We hypothesized that the
scale and subscales should perform similarly across the two databases with the caveat that
the proportion of more advanced cases in the NACC database might influence some aspects
of the results. We acknowledge that some of the MCI cases might not have eventually
progressed to AD dementia but since we chose later visits to analyze, it raised the likelihood
that longitudinal evaluations would lend more clarity to the diagnoses.

Measures
The MiniMental State Exam (MMSE) (17) was used as a general proxy for staging illness
severity. Scores range from 0 to 30 with those under 24 reflecting cognitive impairment.

The Neuropsychiatric Inventory Questionnaire (NPI-Q) is a 10- or 12-item scale, derived
from the original NPI-10 and 12-item versions(9), and has a high correlation with the
original NPI (r= 0.91 overall, r= 0.90 for subgroup with high MMSE scores and r=0.95 for
low MMSE scores) (11). Each NPI-Q item is rated by the caregiver as 0-3 points according
to levels of increasing severity and the score maximums are determined by multiplying the
number of items by 3. Directions for completing the questionnaire, and anchor points for
ratings, are provided to guide the respondent. The NPI-Q continues to use screening
questions for each behavioral symptom domain, although they are somewhat shortened. If
“yes” is circled in response to the stem question, the person is guided to rate presence and
severity of behaviors present in the past 4 weeks.
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The items selected for the subscales are based on literature for descriptive population data, a
composite impression from exploratory factor analyses including a very large sample by
Aalten et al (18,19), as well from known phenotypic and neuroanatomical relationships
among symptoms drawn from the larger neuropsychiatric literature. Items for NPI-Q-4-
Agitation/Aggression, NPI-Q-3-Mood, and NPI-Q-4-Frontal subscales are listed in Table 2.
While apathy and psychosis (delusions and hallucinations) are common NPS in patients with
AD, subscales for these two dimensions are not evaluated in this report because they have
insufficient number of items for analysis.

Statistical Procedures
Data were analyzed using JMP v. 9 and R v. 2.13.0 software. Cases were selected for this
report only if they had at least one point on the NPI-Q-10. Demographic, MMSE and scale
score variables were evaluated using descriptive statistics and boxplot distributions. NPI-Q
scores from ADNI and NACC databases were analyzed separately to allow for assessing
impressions of pattern similarity or difference. Analysis of each NPI-Q scale or subscale
was conducted on the pooled AD dementia, MCI Converter, and aMCI patients whose age
was >50 and who had at least one non-zero item score on that scale/subscale at the
designated visit in the respective database. Brown-Forsythe test for equality of variances
was applied to all variables. Based on these results, age and MMSE were compared between
cohorts using Welch's ANOVA test for unequal variances for NPI-Q-10 and all subscale
groups. Sex was compared using Pearson's Chi-squared test. NPI-Q scores were compared
using ANOVA. Wilcoxon rank-sum test was applied to compare medians between ADNI
and NACC samples for boxplots of rating scales.

PCA is mathematically defined as an orthogonal linear transformation that transforms the
data to a new coordinate system such that the greatest variance by any projection of the data
comes to lie on the first coordinate (called the first principal component), the second greatest
variance on the second coordinate, and so on. Although rotated PCA yields more easily
interpretable factors (components), we did not conduct rotation. Rather, our predefined goal
was to compare the principal component structures of these NPI-Q scale/subscales in two
different datasets, where each principal component is expressed by a linear combination of
NPI-Q items and each principal component is orthogonal to the others.

Since our purpose was to fully evaluate the NPI, we examined factors generated by PCA
equal to the number of items in each scale/subscale. We determined and graphed the
variance explained by each factor for each NPI-Q scale/subscale using Pareto plots. Using
JMP software, we then produced visual representations (Gabriel biplots) of item loadings of
the first three factors for each scale. This produced a series of 2-dimensional graphs showing
item projections between pairs of the first three factors. Only three factors were graphed,
because these factors explained at least half of the variance in each particular scale/subscale.
This allowed visual interpretation of spatial relationships among the items (15,16) to
evaluate their contributions to the scale/subscale for each cohort.

Results
4853 individuals (75%) of the NACC cohort and 305 (37%) from ADNI had at least one
point on the NPI-Q and met the other entry criteria to be included in these analyses. Group
sizes for each of the NPI-Q subscale analyses differed according to how many cases had at
least one point on the particular subscale to be included in those analyses (see Table 1). The
NACC cohort was significantly older and more % female at baseline. The NACC cohort's
mean scores for MMSE and every NPI-Q scale were significantly worse than in ADNI,
determined at the last visit for NACC and 24-month visit for ADNI. Mean MMSE scores for
both samples were in the mildly impaired stage for AD.
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Boxplots (see Figure 1) reveal significant differences for median scores between cohorts for
MMSE (ADNI = 24, NACC = 21; p<0.0001), NPI-Q-10 (ADNI = 3, NACC = 4; p<0.008)
and NPI-Q-4-Frontal (ADNI = 2, NACC = 2; p<0.041), but not for NPI-Q-4-Agitation/
Aggression or NPI-Q-3-Mood (all analyses conducted using Wilcoxon rank-sum test for 2
samples with normal approximation). The NACC cohort had proportionally more advanced
stage cases than the ADNI cohort (on MMSE and NPI-10). Median scores are in the milder
range, though distributions also extend into higher severities.

Pareto plots of NPI-Q and NPI-Q subscale variances for each factor, as explained by an
ordered PCA, are shown for NACC and ADNI cohorts in Figure 2. By definition the factors
calculated by the PCA as shown in the Pareto plots are independent and therefore
contributing uniquely. In each plot the first factor comprises proportionately more variance,
with the subsequent factors each contributing additional variance. Pareto plots for ADNI and
NACC cohorts are very similar.

Table 2 shows the factor (F) loadings for each item of NPI-Q-10 and NPI-Q subscales for
NACC and ADNI cohorts with shadings for values meeting the cutoff of ≥0.40, the
generally accepted cutoff for meaningfulness (20). The item composition of individual
factors on the NPI-10 were largely the same for F1 between the two cohorts, but had a more
random pattern across the other factors. On the NPI-Q-4 Agitation/Aggression subscale, all
four items loaded onto F1 in each cohort (except irritability/lability trended in ADNI) and
therefore measure something in common. Irritability/lability and aberrant motor behavior
play opposite roles in F2, and item loadings in F3 and F4 are the same but with these factors
flipped between the cohorts. Nearly all items loaded onto F1 in the NPI-Q-3-Mood subscale
in both cohorts, where F2 loaded depression/dysphoria and F3 loaded anxiety and
irritability. Loadings for the NPI-Q-4-Frontal subscale revealed similarities and differences
between the cohorts. Apathy did not load onto F1 in either cohort and F2, F3 and F4
loadings showed item pattern similarities when direction of loadings were considered
including items that did not meet the 0.40 cutoff. F2 showed opposite direction for item
loadings (apathy and irritability) between the cohorts.

Figure 3 shows Gabriel biplots for the first three factors' item loadings for each NPI-Q scale/
subscale for the ADNI and NACC cohorts (separately by column). Gabriel biplots display 2-
dimensional (x and y axes) projections plotted between pairs of factors' item loadings, where
the direction and length of a vector represents a spatial representation of the relationship for
items between two given factors. This produces a visual display - not of a single factor
loading as listed in Table 2, but rather of the relationship of item factor loadings between
every two factors. For example, for the ADNI cohort's NPI-Q-3 Mood subscale in Table 2,
item D loaded onto F1 with a value of 0.30 and onto F2 at 0.95, so that in Figure 3's topmost
graph for the NPI-Q-3 Mood subscale item D is positioned based on the x axis (F1) loading
value of 0.30 and on the y-axis (F2) loading value of 0.95 which produces a vector ending at
the intersection for those two values. The spatial patterns reveal information about item
relationships across factors which allow comparisons between ADNI and NACC cohorts.

The biplots first compare item projection relationships for F1 with either F2 or F3, then
between F2 and F3, so that each factor pair permutation is graphed. When F1 item values
were graphed against values for F2 or F3, plots for all scales/subscales showed that all items
projected in a positive direction in the factor space with only a small degree of separation
between items (see the top four biplots for each scale/subscale in Figure 3 where all item
values project toward the right on the x-axis). This indicates they are measuring something
in common for that clinical phenotype domain (coherence). However, in plots for F2 item
values with those for F3 (see bottom two graphs for each scale/subscale in Figure 3), items
are more separated from each other and project in positive or negative directions along the

Trzepacz et al. Page 6

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



axis of the factor, indicating that items contribute differentially (ie, uniquely)to the
phenotype domain being measured by the scale (independence). Therefore biplots reveal
both coherence and independence of items for each subscale, though with F1 revealing
coherence on biplots and also accounting for the most variance of any factor on Pareto plots.

Notably, the projection pattern for each scale graph is very similar between ADNI and
NACC cohorts and their comparability supports validity of the subscales, even though there
was some variation as to which item comprised a given projection in some of the biplots.

Conclusion
Our predefined purpose was to characterize how the NPI-Q-10 and three prespecified NPI-Q
subscales performed in unrotated PCA in over 5000 MCI and AD dementia patients from
two public databases to evaluate their psychometric attributes for research and clinical
applications. Such NPI subscales have not been previously analyzed for their potential use
as independent subscales in clinical and research applications, given the growing recognition
of the importance of understanding clusters of NPS. Each individual patient's
neurodegenerative course is unique as it affects certain brain regions and circuitry so that
identification of meaningful NPI-Q subscales could allow researchers and clinicians more
opportunities to individualize care. Further, because the FDA (21,22) requires measurement
of definable syndromes in AD, such subscales could be useful in drug development.
Comparing data from two different cohorts – ADNI and NACC – and finding a high degree
of comparability in PCA results contributes to the validity of these subscales, in addition to
measurement of a common phenotype domain where each item contributed uniquely to the
subscale in our PCA analyses.

We determined subscale item composition based on the AD literature especially large
exploratory PCA analyses (19,20) and on knowledge of symptoms and their functional
neuroanatomy. We believe this optimized subscale face validity. Some of the items selected
for each of our subscales overlapped with another subscale because our intent was not to
simply divide up the NPI-Q scale into subsets but rather to be able to measure meaningful
clinical domains, reflecting that clinical NPS syndromes have symptom clusters that are
nonexclusive. As expected, F1 explained the majority of the variance for all scales, though
all items made some contribution to the variance (see Pareto plots).

Though less often used in clinical literature, Gabriel biplots are a unique method to express
spatial relationships between factors' item projections in PCA, information not apparent
from simply listing factor loading values. These biplots have been adopted in other scientific
fields as a powerful tool to visually interpret multivariate data and discern item relationships
between factors. Gabriel biplots illustrated that F1, when plotted with either F2 or F3,
revealed coherence which supports that the items together were measuring a symptom
domain in common. Taken together, F1's high variance proportion, face validity for item
selection, and coherence all suggest the subscale composition was valid in assessing a
particular phenotype. While F2 and F3 accounted for less of the total variance than F1, each
item was necessary to the subscale composition. Gabriel biplots comparing F2 with F3 item
values found considerable spatial separation across the items which suggest that each item
also made unique contributions to the underlying phenomenological domain being measured
by the subscale. Therefore, the items selected for each subscale were necessary and not
redundant while also measuring something together. This is a measure of validity.
Interestingly, all scales showed the same item projection spatial patterns between the groups
(see Figure 3).
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We chose not to report any analyses of a psychosis subscale because most exploratory
analyses find delusions and hallucinations loading together and two NPI-Q items was
insufficient for our PCA analysis methods. However, psychosis is an important component
of any assessment battery for patients, particularly those in the severe range.

We wanted a subscale to assess symptoms that represent prefrontal cortex dysfunction. Such
a subscale might be useful in comparisons of AD and FTD (frontotemporal dementia)
patients. We included apathy in the frontal subscale to capture mesial frontal pathology.
Apathy often loads onto a separate factor and has been shown to be different from
depression in AD (23-25), though it can also load with other items depending on the cohort.
Apathy is the most persistent NPS throughout all stages of MCI and AD but we assigned it
only to our NPI-Q-4-Frontal subscale.

The NPI-Q-4-Agitation/Aggression subscale reflects the literature where these symptoms
often cluster together on a factor (19,20,26). Occasionally, and depending on the particular
study sample, these symptoms might load with depression or psychosis; however given the
burden associated with these disruptive behaviors we believe they need to be measured
independent of mood symptoms (4,27,28). The growing recognition of the importance of
symptoms of agitation and aggression in AD was recognized at a recent consensus
conference, where experts in the field of geriatric mental health stressed the need for specific
FDA-approved treatments for symptoms of severe and persistent or recurrent agitation and
aggression in patients with dementia, even those who don't experience concomitant
psychosis (29).

Although we utilized data from two cohorts (ADNI and NACC), we ascertained a high level
of similarity across these two cohorts on each scale that supported our validation. There
were overall striking similarities between the two cohorts despite more severe cases of
cognitive impairment and NPS in NACC than ADNI. Where subtle differences in factor
item loadings or directional projections existed, it may be attributable to differences in the
clinical characteristics of these cohorts such as ADNI excluding cases with comorbid Major
Depressive Disorder. The NACC cohort is more clinically representative in its case
inclusion and also much larger. Our work is also consistent with findings obtained by the
European Alzheimer Disease Consortium in another large sample with small differences in
sample selection (18,19). Subtle differences might also relate to study design where ADNI is
a more demanding study with visits every 6 months and many required tests including
neuroimaging, thereby being more burdensome for caregivers to participate in. NACC is
less standardized across centers and more observational with annual visits. The frontal
subscale revealed more differences than other scales between cohorts in factor loadings
which might reflect that frontal degeneration increases with advancing disease. Nonetheless,
the biplots revealed much spatial similarity between cohorts.

Whether NPS syndromes are completely separable in each patient is improbable. It is also
possible that symptoms are less distinct at different phases of illness. However, our intent
was to establish valid subscales that capture a particular constellation of NPS so that clinical
assessments can track NPS syndromes over time and research about the evolution of NPS in
AD dementia and MCI can be encouraged using these tools. Response to interventions could
also be measured. NPS syndromes are considered a viable and meaningful target for
pharmaceutical drug development though more research is needed to identify clear
syndromes of problematic behaviors (21,22). Currently, proposed diagnostic criteria exist
for sleep, depression and psychosis (13,30-32). Application of subscales might be useful in
future research on NPS diagnostic criteria.
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Limitations of our study include being a retrospective analysis of prospectively collected
databases. A replication of our findings in a separate database would increase confidence
that these are valid, though the striking similarities between ADNI and NACC PCA results
within this report suggests these subscales are likely to represent typical NPS domains.
Unfortunately, there is no gold standard for NPS syndromes against which to compare these
NPI-Q subscales nor were the existing proposed diagnostic criteria available in ADNI or
NACC. Instead, we relied heavily on previously published exploratory factor analyses to
select subscale items. Additionally, more psychometric analyses are recommended for these
subscales particularly evaluating their use in diverse populations (eg, one with more patients
with more severe NPS), especially focusing on divergent and convergent validity and
reliability. We relied heavily on prior demonstration of the NPI's psychometric credentials
for the total scale and each individual domain (which can stand alone) and therefore focused
our validation efforts on the item composition of these subscales themselves where PCA
appeared to be a pertinent approach.

Our results are of interest because the NPI-Q is used widely in research, including as an
outcome measure in clinical trials. We conclude that these three NPI-Q subscales when used
in the context of administering the full NPI scale may be useful tools to assess meaningful
NPS domains. This may be advantageous to provide more focused measurements of NPS
clusters which can guide treatment or research decisions. Further validation of these
subscales could strengthen our findings.
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Figure 1.
Boxplots are shown for groups for MMSE, NPI-Q-10 and NPI-Q subscales at the last visit in
NACC and 24-month visit in ADNI cohorts. Group sizes varied. The thick black lines show
the median; the box is draw between the quartiles (25%-75%); the whiskers extend to the
most extreme data point which is no more than 1.5 times the interquartile range (IQR) from
the box, which correspond to the ±2.698 multiple standard deviation.
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Figure 2.
Pareto plots of the percentage of variance contributed by each factor based on principal
component analyses for the ADNI and NACC cohorts for the NPI-Q-10 and NPI-Q
subscales.
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Figure 3.
Gabriel biplots are visual representations of the relationships between item factor loadings
when plotted between pairs of factors because directionality offers additional information
about scales and subscales. Biplots are shown for each of the NPI-Q-10 and NPI-Q
subscales for the ADNI (left) and NACC (right) cohorts. Biplots are 2-dimensional graphic
representations of items' factor loadings and display all of the combinations between pairs
for the first three factors from PCA analyses. The top two rows of all figures plot item
loading values for Factor 1 along the x-axis against those for either Factor 2 or 3 along the y
axis. In the third row of all graphs, Factor 2 item values are plotted along the x axis and
those for Factor 3 along the y axis. In all graphs of Factor 1's items with either Factor 2 or 3,
all values point in a positive direction (ie, pointing within the right half of the circles).
However, when Factors 2 and 3 are plotted with each other, the items point in both positive
and negative directions. (Abbreviations for NPI-Q items are coded using letters listed in
Table 2.)
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Table 1

Pooled data for aMCI, MCI converter and AD dementia cases at baseline and the last visit for NACC and
ADNI cohorts for MMSE and NPI-Q data. All data are expressed as mean±SD (range) unless otherwise
specified. The NPI-Q groups are of different sizes; as inclusion required ≥ 1 point on at least one item in the
scale or subscale.

NPI-Q-10 Group NPI-Q-4-Agitation/Aggression Group NPI-Q-3-Mood Group NPI-Q-4-Frontal Group

NACC

N 4853 3571 3922 3825

Age 75.7±9.0* (51-110) 75.5±9.0* (51-110) 75.3±9.1* (51-110) 75.7±9.0* (51-110)

Sex (% female) 53%¥ 51%¥ 53%¥ 50%¥

MMSE 19.5±7.7+ (0-30) 18.9±7.9+ (0-30) 19.8±7.7+ (0-30) 19.0±7.8+ (0-30)

NPI-Q 5.0±4.0® (1-25) 3.0±2.2® (1-12) 2.5±1.6 (1-9) 2.6±1.7® (1-11)

ADNI

N 305 229 258 240

Age 74.6±7.0 (55-91) 74.1±7.1 (55-91) 74.3±7.1 (55-91) 74.5±7.1 (55-91)

Sex (% female) 40% 38% 39% 37%

MMSE 22.4±5.8 (0-30) 22.4±6.0 (0-30) 22.6±5.6 (1-30) 22.1±6.0 (0-30)

NPI-Q 4.3±3.5 (1-25) 2.7±1.9 (1-11) 2.3±1.5 (1-9) 2.3±1.6 (1-8)

*
p<0.03 using Welch's ANOVA for unequal variances between NACC and ADNI (df =(1,369.98), (1,277.03), (1,316.15) and (1,289.98) for NPI-

Q-10, NPI-Q-Agitation/Aggression, NPI-Q-3-Mood, and NPI-Q-4-Frontal).

¥
p<0.0001 using Pearson's Chi-squared test between NACC and ADNI (df = 1 for NPI-Q-10, NPI-Q-Agitation/Aggression, NPI-Q-3-Mood, and

NPI-Q-4-Frontal)

+
p<0.0001 using Welch's ANOVA for unequal variances between NACC and ADNI (df = (1,380.05),(1,286.29), (1,328.33) and (1,295.48) for

NPI-Q-10, NPI-Q-Agitation/Aggression, NPI-Q-3-Mood, and NPI-Q-4-Frontal)

®
p≤0.05 using ANOVA (df = (1,5156),(1,3798), (1,4178) and (1,4063) for NPI-Q-10, NPI-Q-Agitation/Aggression, NPI-Q-3-Mood, and NPI-Q-4-

Frontal)
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