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Abstract
Objective—To investigate the association of behavioral and psychological symptoms of
dementia (BPSD) in Alzheimer’s disease (AD) and MRI measures of brain atrophy and white
matter hyperintensities (WMH).

Methods—Thirty-seven patients with probable AD received the Neuropsychiatric Inventory
(NPI), the Mini Mental Status Exam (MMSE), and an MRI scan as part of their initial evaluation
at the Outpatient Memory Diagnostic Clinic at McLean Hospital. MRI-based volumetric
measurements of whole brain atrophy, hippocampal volumes and WMH were obtained. Analysis
of covariance models, using age as a covariate and the presence of specific BPSD as independent
variables, were used to test for differences in whole brain volumes, hippocampal volumes and
WMH volumes.

Results—Increased WMH were associated with symptoms of anxiety, aberrant motor behavior,
and nighttime disturbance, while symptoms of disinhibition were linked to lower WMH volume.
No associations were found for of whole brain or hippocampal volumes and BPSD.

Conclusions—These findings suggest that white matter changes are associated with the
presence of BPSD in AD.
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1. Introduction
Approximately 4.5 million Americans suffer from Alzheimer’s Disease (AD), the most
prevalent neurodegenerative dementia (Hebert, Scherr, Bienias, Bennett, & Evans, 2003).
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These behavioral and psychological symptoms of dementia (BPSD) affect as many as 66%–
88% of patients with AD (Assal & Cummings, 2002) and are associated with reduced
quality of life (Shin, Carter, Masterman, Fairbanks, & Cummings, 2005), and an increase in
functional impairment (Mok, Chu, Chung, Chan, & Hui, 2004; Rapoport, et al., 2001),
caregiver burden (Berger, et al., 2005), cost of care (Beeri, Werner, Davidson, & Noy, 2002;
Murman, et al., 2002), and likelihood of institutionalization (Scarmeas, et al., 2005; Steele,
Rovner, Chase, & Folstein, 1990). Even though the BPSD can be the most debilitating
aspects of a patient’s illness, relatively little is known about their relationship to AD and its
underlying pathophysiology.

Brain atrophy as assessed by magnetic resonance imaging (MRI) based volumetric analysis
offers an in-vivo index of disease severity in patients with AD. While the relationship
between cognitive decline in patients with AD and volumetric reduction of the whole brain
and hippocampus has been well established through MRI studies (Bigler, et al., 2004;
Murphy, et al., 1993; Petersen, et al., 2000; Stout, Jernigan, Archibald, & Salmon, 1996), the
possible association between BPSD and MRI measures of brain atrophy merits further
exploration. An association, if present, would be consistent with findings from other studies,
which have demonstrated that many BPSD become more prevalent in patients with AD as
disease severity progresses (Fuh, Wang, & Cummings, 2005; Shimabukuro, Awata, &
Matsuoka, 2005). Some BPSD, however, follow a clinical course that is relatively
independent of cognitive changes (Spalletta, et al., 2004; Tractenberg, Weiner, Cummings,
Patterson, & Thal, 2005), and the development of these symptoms may be associated with
other neurodegenerative changes that are less closely tied to cognitive deterioration.

The measurement and characterization of white matter changes manifested as hyperintense
signals on T2-weighted MRI scans may provide another useful target for exploring the
nature of BPSD in AD. White matter hyperintensities (WMH) are commonly seen on the
MRI scans of demented and nondemented elderly subjects and have been linked to aging,
cerebrovascular risk factors and late life depression (Bigler, et al., 2003; Firbank, et al.,
2005; Gunning-Dixon & Raz, 2000). Several studies have failed to detect a relationship
between WMH and cognitive impairment in patients with AD (Bigler, et al., 2003; Hirono,
Yasuda, Tanimukai, Kitagaki, & Mori, 2000; Starkstein, et al., 1997), suggesting that WMH
may reflect aspects of neurodegeneration that are independent of the progression of
cognitive symptoms. Neuropathological evidence indicates that the processes associated
with WMH involve a variety of changes to the white matter including axonal demyelination,
gliosis and degeneration of the ventricular lining (Scheltens, et al., 1995). Increased
prevalence of WMH in AD patients has been reported in association with symptoms of
depression (Clark, et al., 1998), apathy (Starkstein, et al., 1997), and aberrant motor
behaviors (Hirono, et al., 2000), raising the possibility that these changes to the white matter
may be associated with the presence and course of BPSD in AD.

The present study explores the relationships between volumetric measures of brain atrophy,
WMH, and BPSD in a population of subjects with probable AD. We tested the hypothesis
that the presence of specific BPSD in AD would be associated with accelerated
neurodegeneration as assessed by volumetric reduction of the whole brain and hippocampus
and an increase in white matter changes identified through the quantification of WMH.

2. Methods
2.1 Participants

Seventy-two patients who had completed the Neuropsychiatric Inventory (NPI) (Cummings,
1997) and obtained an MRI scan at the McLean Hospital Neuroimaging Center as part of
their clinical assessment were identified using an IRB approved research database of
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consecutive admissions to the McLean Hospital Memory Diagnostic Clinic. Of these
patients, 37 met the National Institute of Neurological and Communicative Diseases and
Stroke/Alzheimer's Disease and Related Disorders Association’s (NINCDS-ADRDA)
criteria for probable Alzheimer’s disease (AD) (McKhann, et al., 1984), and had a Mini
Mental Status Exam (MMSE) (Folstein, Folstein, & McHugh, 1975) score less than or equal
to 27. This MMSE cutoff score was used to objectively document cognitive performance at
or below the median scores of age and education matched normative populations (Crum,
Anthony, Bassett, & Folstein, 1993). These subjects were comprised of 19 women and 18
men, aged 56 to 90+ years (mean age 77.6±8.5 years), with a mean MMSE score of 19.5
(±7.2) as shown in Table 1. No significant gender differences were found for age (F(1, 35) =
1.64, p =0.21) or MMSE score (Z = 0.473, p = 0.64). The McLean Hospital Institutional
Review Board approved this retrospective study.

2.2 Neuropsychiatric Inventory (NPI)
Behavioral symptoms were measured with the Neuropsychiatric Inventory (NPI)
(Cummings, 1997), an informant-based questionnaire that assesses 12 neuropsychiatric
domains in patients with dementia. The NPI was administered to the caregiver of each
patient admitted to the Memory Diagnostic Clinic. The NPI domains assessed were
delusions, hallucinations, agitation/aggression, depression/dysphoria, anxiety, apathy/
indifference, irritability/lability, elation/euphoria, disinhibition, aberrant motor behavior,
nighttime behaviors and appetite/eating change (Cummings, 1997).

2.3 Magnetic Resonance Imaging (MRI)
All patients evaluated by the Memory Diagnostic Clinic were scanned on a 1.5 T GE Signa
LX (GE, Milwaukee) unless they had a sufficiently current pre-existing scan or had a
contraindication to MRI scanning. The standard clinical scan series included a 3D spoiled
gradient recalled acquisition in steady state (3D SPGR) sequence that provides a high
resolution, T1 weighted, structural scan with 124 coronal slices (slice thickness 1.5 mm;
repetition time (TR) 35 ms, echo time (TE) 5 ms; flip angle 45°); and an axial fluid
attenuated inversion recovery (FLAIR) scan (slice thickness 5 mm; TR 9002 ms, TE 133
ms, inversion time 2200 ms, flip angle 90°). The 3D SPGR images of 2 subjects and the
FLAIR images of 4 subjects were excluded from analysis due to motion artifacts or scanning
parameters that differed from those described above.

2.4 Semi Automated Volumetric Analysis
The 3D SPGR files were converted into Analyze format with the software program MRIcro
(Rorden & Brett, 2000), which removed protected health information from the files. Each
de-identified image file was then coded with a study identification number, reoriented and
cropped to remove portions of the neck. Modified Analyze images were run through the
semi automated image analysis program, Structural Image Evaluation using Normalization
of Atrophy for cross sectional measurements (SIENAX) (Smith, 2002) (see Figure 1). Using
a deformable model, brain and skull surfaces were identified based on a user defined
intensity threshold and were used to produce an image containing only brain tissue (Smith,
2002). Two scans were removed during this step due to misclassification of brain tissue. The
skull surface was then registered onto a standard atlas to create a normalization-scaling
factor (Jenkinson & Smith, 2001; Smith, 2002; Smith, et al., 2002). Using a process based
on a hidden Markov random field model and an expectation-maximization algorithm to
correct for bias field inhomogeneities, the extracted brain image was segmented into brain
tissue and CSF (Zhang, Brady, & Smith, 2001). Whole brain volumes were quantified using
estimates of partial volume effects at each voxel (Smith, 2002). These volumes were then
multiplied by the previously calculated scaling factor to produce normalized measures of
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whole brain volume (Smith, et al., 2002). A reliability study of the impact of rater variability
on intensity threshold adjustments and initial image cropping with 10 scans and two trained
raters, each taking two attempts per scan, yielded high intraclass correlation coefficients
(ICC (A,1)) (McGraw & Wong, 1996) for both intra- (scaling factor = 0.996; whole brain =
0.967) and inter- (scaling factor = 0.996; whole brain = 0.923) rater reliability.

2.5 Hippocampal Measurements
Hippocampal volumes were measured by a trained rater (YB) using MRIcro’s (Rorden &
Brett, 2000) region of interest tools (see Figure 2). We defined the boundaries of the
hippocampal regions of interest using a neuroanatomical atlas (Duvernoy, 1999) and
previously established guidelines for MRI-based, volumetric analysis of the hippocampus
(Watson, et al., 1992). These boundaries included the Cornu Ammonis sectors, subiculum,
dentate gyrus, alveus, and fimbria and excluded the parahippocampal gyrus and the portion
of the hippocampal tail within and posterior to the coronal slice containing the crus of the
fornix (Watson, et al., 1992). The identified volumes were then normalized for differences in
skull size using the scaling factor calculated by SIENAX. A reliability study of this method
was conducted with four trained raters each measuring left and right hippocampal volumes
from eight scans, yielding an ICC of 0.926 for inter-rater reliability (McGraw & Wong,
1996).

2.6 Hyperintensity Quantification
To quantify the volume of FLAIR hyperintensities, we devised a 2-step thresholding process
using the software program MRIcro (Rorden & Brett, 2000). In this procedure, threshold
parameters were set to include all voxels containing white matter hyperintensities by visual
inspection. These settings also identified non-brain voxels, such as the skull and eyes, and
therefore manual editing was used to exclude these non-brain voxels (See Figure 3). The
volume in milliliters was obtained by multiplying the remaining identified voxels by the
voxel dimensions. These volumes were normalized for skull size using the scaling factor
obtained from SIENAX. We conducted a reliability study of this method with three trained
raters each measuring 23 FLAIR images and inter-rater reliability was high (ICC (A,1)
(McGraw & Wong, 1996) = 0.980).

2.7 Statistical Analysis
Subjects were grouped based on the presence of behavioral and psychological symptoms, as
assessed by a positive response to the screening questions on the NPI that addressed each
symptom domain. Hierarchical clustering using Ward’s minimum variance method was
employed to measure associations between the behavioral domains.

Only one subject was reported to have symptoms of elation and therefore this behavior was
excluded from the analysis. Thirty three 3D SPGR and 33 FLAIR images were included in
the final analysis. Normality assumptions were verified using the Shapiro-Wilk test (W).
FLAIR hyperintensity volumes were not normally distributed (W=0.62, p<0.0001) and
therefore we used a log transformation to bring the values within the limits of a normal
distribution (W=0.97, p=0.64). MMSE scores were not normally distributed (W=0.84,
p<0.0001) and therefore nonparametric methods were used for each test that examined this
measure. We found no significant differences between left and right hippocampal volumes
and therefore combined these volumes into a single measure for analysis.

Pearson Product Moment (Rp) and Spearman Rank (Rs) correlations were used to identify
relationships between normalized volumetric measurements of the whole brain,
hippocampus and log transformed hyperintensities, age, and MMSE score. Three analysis of
covariance (ANCOVA) models were constructed that simultaneously tested the 11
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behavioral domains against (1) whole brain volumes, (2) hippocampal volumes and (3) log
transformed hyperintensity volumes. Age and MMSE score were applied to the models as
covariates in a hierarchical nested design. Age was a significant predictor in all 3 models
and was included as a covariate in the final design. MMSE score was not a significant
predictor in any of the resulting models and was therefore dropped from further use as a
covariate.

3. Results
The percentages of subjects with specific BPSD are presented in Table 2. Cluster analysis of
the 11 behavioral domains of the NPI suggested a 3-cluster solution (Figure 4). There was
strong relatedness between the delusion, hallucination, elation, disinhibition and motor
behavior domains suggesting a single cluster of psychotic/disinhibited symptoms. There was
also strong relatedness between aggression, anxiety and irritability suggesting an
independent cluster of anxious/aggressive symptoms. Finally, there was a weak cluster of
depression, night-time behaviors, appetite and possibly apathy suggesting a potential domain
of affective/apathetic symptoms.

MMSE scores were positively correlated with whole brain volumes (Rs = 0.39, p = 0.025)
and hippocampal volumes (Rs = 0.38, p = 0.031). Associations between MMSE scores and
decreased log hyperintensity volumes (Rs = −0.31, p = 0.080) and age (Rs = −0.32, p =
0.051) approached but did not reach statistical significance.

The ANCOVA model testing for differences in hyperintensity volumes using the presence
or absence of behavioral and psychological symptoms as independent factors and age as a
covariate, yielded a significant overall model (F(12, 20) = 3.14, p = 0.011). Significant main
effects were found for the presence of symptoms of anxiety (F(1, 20) = 13.08, p = 0.0017),
aberrant motor behavior (F(1, 20) = 6.74, p = 0.017) and sleep disturbance (F(1, 20) = 4.60,
p = 0.045) and a trend for the presence of delusions (F(1, 20) = 3.89, p = 0.063), with
increased hyperintensity volumes associated with the presence of these symptoms. The main
effect for disinhibition (F(1, 20) = 7.48, p = 0.013) revealed reduced hyperintensity volumes
for subjects with this behavior (Figure 5).

The overall ANCOVA model for measures of whole brain volumes and hippocampal
volumes were not significant, therefore no further analysis was performed for these
measures.

4. Discussion
In this cross sectional and retrospective study, we investigated the relationships between the
presence of specific BPSD in patients with AD as assessed by the NPI and MRI-based
volumetric measures of white matter changes and brain atrophy. Increased WMH were
found to be associated with symptoms of anxiety, aberrant motor behavior, and nighttime
disturbance, while symptoms of disinhibition were linked to reduced WMH volume. These
findings suggest that white matter changes are associated with the presence of BPSD in
patients with AD. We did not find evidence to support the association of BPSD with
changes in whole brain or hippocampal volumes.

The prevalence rates of BPSD in this sample of patients with AD were comparable to those
reported in other studies (Hart, et al., 2003). Similarly, our findings that normalized
measures of whole brain volumes and hippocampal volumes correlated with performance on
the MMSE are consistent with previous studies (Bigler, et al., 2004; Horinek, et al., 2006).
Although, we were unable to detect a significant correlation between decreasing MMSE
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scores and WMH load, we did observe a trend in this direction, highlighting the possible
cognitive impact of white matter changes in patients with AD.

We were not able to detect any significant relationships between hippocampal volumes and
BPSD. This negative finding suggests that degeneration of the hippocampus may not be
closely correlated with the emergence of BPSD in AD as it is with global cognitive decline
and memory impairment (Petersen, et al., 2000). Other researchers have also failed to
demonstrate a significant association between decreasing volume of limbic structures,
including the hippocampus and amygdala, and BPSD in AD (Horinek, et al., 2006). Taken
together, these negative findings are suggestive that the pathophysiological processes
responsible for cognitive decline in AD may be independent of the processes underlying the
emergence of BPSD.

Our hypothesis that the presence of BPSD would be associated with increased WMH in
patients with AD was supported in the case of aberrant motor behaviors, sleep disturbance
and anxiety. These findings are consistent with a previous study that reported a positive
correlation of aberrant motor behavior scores with WMH volumes in patients with AD
(Hirono, et al., 2000).

Increased WMH were also associated with symptoms of anxiety and sleep disturbance in our
patients with AD, suggesting that white matter changes observed as WMH are important
correlates of these symptoms. Anxiety and sleep disturbance are common and often co-occur
in patients with AD (McCurry, Gibbons, Logsdon, & Teri, 2004; Moran, et al., 2005) and
the present findings suggest these two symptoms may be linked to common pathological
processes occurring in the white matter. Patterns of extensive WMH have been linked to
ischemic damage, suggesting that the processes involved in these findings may include
vascular pathology of the white matter (DeCarli, Fletcher, Ramey, Harvey, & Jagust, 2005).
This explanation would be consistent with previous reports, which have associated
symptoms of anxiety and sleep disturbance with vascular pathology in demented and non-
demented patients.

Anxiety has been reported to be more prevalent and severe in demented patients with
vascular pathology compared to those without (Ballard, et al., 2000; Kim, Lyons, Shin, &
Yoon, 2003; Porter, et al., 2003; Sultzer, Levin, Mahler, High, & Cummings, 1993). In
studies examining the incidence of BPSD in patients with vascular dementia (VaD) and AD,
anxiety symptoms were reported to be about twice as common in patients with VaD
compared to patients with AD (Ballard, et al., 2000; Porter, et al., 2003). Similarly, the
severity of anxious symptoms in dementia patients with VaD has been reported to be greater
(Kim, et al., 2003; Sultzer, et al., 1993). Anxiety has also been shown to be a common
symptom in patients after cerebrovascular lesions (Chemerinski & Levine, 2006; Morrison,
Pollard, Johnston, & MacWalter, 2005).

Similarly, sleep disturbance has also been associated with vascular pathology in studies
examining the incidence and severity of BPSD. BPSD profiles of dementia patients meeting
DSM-IV criteria (Association, 1994) for VaD have more severe sleep disturbance than AD
patients who had no evidence of “silent” lacunes or cortical infarcts (Fuh, et al., 2005). In
another study of individuals with AD, which used pathological diagnosis to separate subjects
into groups with and without ischemic brain lesions, AD patients with ischemic brain lesions
were reported to have more sleep disturbances (Del Ser, Hachinski, Merskey, & Munoz,
2005). Similarly, other studies have shown that patients with multiinfarct dementia, as
assessed by CT and DSM III criteria, have more sleep disturbed breathing, and disorganized
sleep-wake cycles than AD patients without vascular brain lesions (Aharon-Peretz, et al.,
1991; Erkinjuntti, et al., 1987; Mishima, et al., 1997). Sleep disordered breathing syndromes
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are associated with vascular risk factors (McArdle, Hillman, Beilin, & Watts, 2007), and
may play a causative role in the development of WMH. Sleep disturbance is also strongly
associated with strokes (Bassetti, Milanova, & Gugger, 2006; Good, Henkle, Gelber, Welsh,
& Verhulst, 1996). In a study examining the relationship between CT white matter lesions
and sleep patterns in elderly patients with dementia, the presence of periventricular white
matter lesions was associated with increased hours of sleep during the day and decreased
sleep at night (Meguro, et al., 1995). Consistent with these findings, our current results
provide additional evidence that vascular pathology is associated with the emergence of
symptoms of anxiety and nighttime disturbance in AD. Further studies are needed, however,
to determine the nature of this relationship.

Contrary to our hypothesis, symptoms of disinhibition were found to be associated with
reduced WMH load, suggesting that AD patients with increased WMH were less likely to
exhibit these symptoms. This unexpected finding may reflect the importance of alternate
neurodegenerative processes in the development of disinhibited behavior that occur
independently of white matter changes, such as frontal gray matter degeneration (Rosen, et
al., 2005). This finding may also indicate that the constellation of BPSD in AD associated
with WMH does not typically include disinhibition. Symptoms of disinhibition are relatively
rare in AD, but still occur in 24–3% of cases (Hart, et al., 2003) as was seen in the current
sample (24%). These symptoms have been associated with advanced dementia severity
(Shimabukuro, et al., 2005), and reduced brain volume (Hirono, et al., 2000). In the present
study, however, we were unable to associate the presence or absence of disinhibition on NPI
with differences in MMSE scores or brain volumes.

In this study, we were unable to replicate previously reported associations of WMH with
symptoms of depression (Barber, et al., 1999; O'Brien, et al., 2002) apathy (Starkstein, et al.,
1997) and delusions (Lee, et al., 2006) in patients with AD. This may be due in part to our
methods of classifying BPSD based on the presence or absence of symptoms rather than
using a graded scale of severity in our analysis. Subclinical symptoms of apathy and
depression are highly prevalent in AD and occurred in about 75% of our sample, suggesting
that our methods of BPSD classification may have emphasized sensitivity at the expense of
specificity for common symptoms. Our findings regarding symptoms of anxiety and sleep
disturbance may relate to previous studies of depressive symptoms as these symptoms often
overlap and many depression-rating scales include insomnia and anxiety dimensions in the
total depression scores. Some of the most robust and repeatable findings in these three
BPSD dimensions involve hypometabolism of specific regions measured by FDG-PET
(Hirono, et al., 1998), (Sultzer, et al., 2003), (Holthoff, et al., 2005). We did detect a trend
linking increased WMH with symptoms of delusions and this lends partial support for the
association of WMH and delusions in patients with AD (Lee, et al., 2006).

Another possible source for discrepancies with previous studies (Barber, et al., 1999; Lee, et
al., 2006; Starkstein, et al., 1997) may be due to our use of volumetric measures instead of
visual rating scales to quantify WMH load (Scheltens, et al., 1993). Volumetric measuring
techniques have the advantage of being unbiased and robust in their reliability and have
been reported to be more sensitive than visual rating scales at detecting relationships
between WMH and clinical measures (van Straaten, et al., 2006). These measures, however,
did not discriminate between types of WMH based on location or distribution and this lack
of specificity may have been a limitation of this study.

Conclusion
Changes to the white matter as measured by increased WMH volume were associated with
symptoms of aberrant motor behaviors, anxiety and sleep disturbance in patients with AD.

Berlow et al. Page 7

Int J Geriatr Psychiatry. Author manuscript; available in PMC 2014 April 04.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



These finding indicate a potential role of superimposed vascular pathology in AD
contributing to the etiology of these symptoms. Our study failed to detect associations of any
BPSD with hippocampal atrophy and whole brain volume, suggesting that BPSD and
cognitive decline in AD may progress independently. Additional studies investigating these
relationships may provide insight to future directions for the diagnosis and treatment of
BPSD in Alzheimer’s disease.
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Figure 1. Automated measurement and normalization of whole brain volumes
1A) T1-weighted images were loaded into the SIENAX algorithm. 1B) This program
identifies brain and skull surfaces using a deformable model and produces images
containing only brain tissue. 1C) The skull surface is registered to a standard atlas to create a
normalization scaling factor. 1D) Voxels representing brain tissue are segmented from those
representing cerebrospinal fluid and used to calculate raw whole brain volumes. This raw
volume is multiplied by the scaling factor to produce normalized whole brain volumes.
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Figure 2. Coronal and sagittal views of the hippocampus
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Figure 3. Quantification of FLAIR hyperintensities
A.) Original fluid attenuated inversion recovery (FLAIR) image. B) Initial threshold
parameters set to include all voxels containing hyperintensities. C) Final hyperintensity
region of interest with non-brain voxels excluded.
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Figure 4. Dendrogram derived from cluster analysis showing the relatedness between the 11
behavioral symptoms of the NPI based on their presence or absence
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Figure 5. White matter hyperintensity volumes and the presence of behavioral and psychological
symptoms of dementia (BPSD) in probable Alzheimer’s disease
Least squares means and standard error estimates after covarying for age and other BPSD. †
p < 0.10, * p < 0.05, ** p <0.005
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Table 1

Subject Demographics and MMSE Scores

N 37

% Female 51%

Mean Age (±SD) 77.6 (±8.5)

Mean MMSE Score (±SD) 19.5 (±7.2)
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Table 2

Frequency of Behavioral and Psychological Symptom of Dementia (BPSD)

n (%)

Delusions 12 (32%)

Hallucinations 10 (27%)

Aggression 18 (49%)

Depression 27 (73%)

Anxiety 15 (41%)

Apathy 29 (78%)

Disinhibition 9 (24%)

Irritability 20 (54%)

Aberrant Motor Behaviors 8 (22%)

Nightime Behaviors 23 (62%)

Appetite Changes 17 (46%)
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