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Abstract
Purpose—To identify the neural correlates of cognitive improvement in mild AD subjects,
following 12 weeks of donepezil treatment.

Materials and Methods—Resting-state functional connectivity MRI (R-fMRI) was used to
measure the hippocampal functional connectivity (HFC) in 14 mild AD and 18 age-matched
normal (CN) subjects. AD subjects were scanned at baseline and after donepezil treatment. CN
subjects were scanned only at baseline as a reference to identify regions correlated or
anticorrelated to the hippocampus. Before each scan, participants underwent cognitive, behavioral
and functional assessments.

Results—After donepezil treatment, neural correlates of cognitive improvement measured by
Mini-Mental State Examination scores were identified in the left parahippocampus, dorsolateral
prefrontal cortex (DLPFC) and inferior frontal gyrus. Improvement in AD Assessment Scale-
cognitive subscale scores correlated with the HFC changes in the left DLPFC and middle frontal
gyrus. Stronger recovery in the network connectivity was associated with cognitive improvement.

Conclusion—R-fMRI may provide novel insight into the brain's functional responses to AD
treatment in clinical pharmacological trials, and also may predict clinical response.
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Introduction
In Alzheimer's disease (AD), the degree of memory impairment is associated with the
degeneration of the basal forebrain cholinergic nuclei and deprivation of the cholinergic
supply to the hippocampus and neocortical areas (1-3). These findings constitute the basis
for the “cholinergic hypothesis” in AD, and have led to the development of cholinesterase
inhibitors (ChEIs), including donepezil. The latter indirectly enhances central cholinergic
neurotransmission. It improves cognitive performance, delays cognitive decline and shows
neuroprotective properties in AD patients (4, 5). However, the benefits of prescribing ChEIs
to all individuals with AD are debatable, because positive response to these agents is seen
only in a subgroup of patients. Even in treatment responders, cognitive improvement is
modest at best, and the clinical benefit observed is heterogeneous (6). The neural network
and neurophysiological mechanism by which donepezil modifies brain function and
produces treatment effects in a subset of AD patients is not fully understood. Further,
traditionally used efficacy measures in AD clinical trials have inherent limitations.
Therefore, greater emphasis is now being placed on identifying sensitive imaging markers
that can be used to evaluate treatment efficacy and neuroprotective effects earlier in
pharmacological studies (7).

Functional magnetic resonance imaging (fMRI) has been used to measure the
pharmacodynamic changes induced by ChEIs in the brain regions associated with cognition
in patients with mild cognitive impairment (MCI) and AD (8-14). After ChEI treatment, AD
patients show increased medial temporal lobe and neocortical activity during cognitive tasks
relative to healthy elderly people (8, 11, 12). However, fMRI task-activation studies have
limitations. For instance, the neuronal response depends on the type of task, the severity of
cognitive impairment, and the subject's attention and motivation (15). It is also difficult to
study the functional connections between spatially isolated brain regions activated by fMRI
task-specific methods. AD is increasingly being viewed as a disconnection syndrome (16) in
which cognitive dysfunction is a result of alterations in the functional connections between
brain regions, rather than isolated regional changes (17).

Resting-state functional connectivity MRI (R-fMRI) is a novel technique that overcomes the
above limitations and shows great potential in AD research (18-25). R-fMRI measures
interregional correlations between the spontaneous blood oxygenation level-dependent
(BOLD) fluctuations in spatially separated, but functionally related brain regions at rest (26,
27). Interestingly, hippocampal disconnection with other functionally related cortical and
subcortical regions is found in early AD (22, 23). Although R-fMRI has shown promise as a
surrogate marker for AD, no studies have evaluated whether the R-fMRI method can
monitor the neurophysiological mechanisms of treatment responses in patients with AD.

The study objective was to use R-fMRI to test a hypothesis that donepezil would improve
hippocampal functional connectivity (HFC), and that cholinergic enhancement of the medial
temporal lobe network would significantly correlate with improvement in standardized
cognitive measures.

Subjects and Methods
Participants

Fourteen subjects with probable AD and 18 age-matched healthy control subjects were
recruited through an academic institution's Memory Disorders Clinic and local advertising.
Written informed consent was obtained from all subjects in accordance with the Institutional
Review Board.
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All participants underwent psychiatric assessments, neurological examinations, extensive
neuropsychological testing, and MRI scanning. All subjects were healthy and did not have
significant medical, neurological or psychiatric conditions, history of head trauma with loss
of consciousness, current or past history of alcohol or substance abuse, or other factors that
can affect the participant's cognition or hemodynamic response while in the scanner.
Participants also had adequate visual and auditory acuity to allow cognitive testing, and had
a reliable informant to accompany them to each clinic visit.

Mild AD was diagnosed using the National Institute of Neurological and Communicative
Disorders and Stroke-Alzheimer's Disease and Related Disorders Association criteria for
probable AD (28) during the baseline clinical visit (14 ± 10 days prior to the baseline R-
fMRI scan [day 0]). Exclusion criteria included claustrophobia, Hachinski Ischemia Scale
score > 4, Mini-Mental State Examination (MMSE) score < 18/30, contraindications to
MRI, major psychiatric diagnoses, including primary psychotic and affective disorders, and
other types of neurodegenerative or secondary dementias, as assessed with current clinical
diagnostic criteria. Two neurologists with expertise in dementia reviewed the medical,
neurological, functional, behavioral and neuropsychological data, and consensus diagnoses
were reached for all patients.

The cognitive and behavioral assessments performed at a baseline clinical visit and at week
12 included the MMSE, Alzheimer's Disease Assessment Scale-cognitive subscale (ADAS-
cog), Neuropsychiatric Inventory (NPI), and Instrumental Activities of Daily Living (IADL)
scale. AD subjects underwent R-fMRI scans at baseline (day 0) and end point (week 12).
AD patients received donepezil 5 mg/day after the baseline scan with the dose increased to
10 mg/day after four weeks.

Control subjects were required to have a Clinical Dementia Rating (CDR) global score of 0
and an MMSE score ≥ 24 (25, 29). All control subjects underwent an R-fMRI scan.

Resting-state R-fMRI Acquisition
All scans were performed using a whole-body 3T Signa GE scanner (Waukesha, Wisconsin)
with a standard quadrature transmit-receive head coil. During the resting-state acquisitions,
no specific cognitive tasks were performed, and the study participants were instructed to
close their eyes, relax, and stay awake. Sagittal resting-state fMRI datasets of the whole
brain were obtained in 6 minutes with a single-shot gradient echo-echo planar imaging pulse
sequence. The fMRI imaging parameters were: TE = 25 ms, TR = 2 s, flip angle of 90°;
number of slices = 36; slice thickness = 4 mm, matrix size = 64 × 64, field of view = 24 × 24
cm. High-resolution 3D spoiled gradient-recalled echo axial images were acquired for
anatomical reference. The parameters were: TE/TR/TI = 4/10/450 ms; flip angle of 12°;
number of slices = 144; slice thickness = 1 mm; matrix size = 256 × 192. To make sure that
cardiac and respiratory frequencies did not account for any significant artifacts in the low-
frequency spectrum, a pulse oxymeter and respiratory belt were employed to measure these
physiological noise sources. They were further processed to minimize the potential aliasing
effects (30, 31).

Data Analysis
Data Preprocessing—R-fMRI data analysis was carried out by using Analysis of
Functional NeuroImages (AFNI) software (http://afni.nimh.nih.gov/afni) and MATrix
LABoratory (MATLAB) programs (The MathWorks, Inc., Natick, Massachusetts). Briefly,
motion correction was performed by volume registration on the resting-state fMRI data
(program 3dvolreg); then, detrending was carried out to remove Legendre polynomials
(program 3dDetrend). The cardiac aliasing was minimized (AFNI command 3dretroicor -
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card) (30), the respiratory-volume variation was minimized, based on the respiratory belt
signal (AFNI command 3dretroicor -resp) (31). The signals in white matter and
cerebrospinal fluid were regressed out using averaged signals from the white matter and the
ventricles, and the six-motion parameter vectors were regressed out from each voxel time
series (program 3dDeconvolve) (32). In addition, global signals were regressed out from the
whole brain. A band-pass filter was applied to keep only low-frequency fluctuations within
the frequency range of 0.015 Hz and 0.1 Hz (33).

HFC Network—Because of the remarkable atrophy in AD subjects, the seed region in the
hippocampus was not obtained from the standard space after stereotactical normalization of
the data. Rather, the right and left hippocampal “seed voxels” were manually identified
before and after treatment in individual subjects, respectively (32). The time course of each
hippocampal voxel was cross-correlated to the time courses of all other voxels in the brain
mask, and Pearson correlation coefficients (rij) were obtained, where i is a hippocampal
voxel and j is a brain voxel. The cross-correlation coefficients (rij) were converted to mij-

values, using Fisher's transformation, , where N is the number of
subjects. The Fisher's transformation yields the variants approximately normal distribution
(34). The AD subjects had a limited number of hippocampal voxels, because of atrophy, and
different study subjects had a different number of hippocampal voxels, therefore, a fixed
number of voxels was selected for comparison in the present study. Thirty voxel time
courses were selected with the highest averaged m-values from each subject as a “seed”
region for functional connectivity analysis. We defined 30 voxels as the “seed” region,
because all subjects, except one AD subject (16 voxels), had a minimum of 30 hippocampal
voxels. Repeated analysis indicated that with or without inclusion of this AD subject, there
was no significant effect on the results and conclusion, as reported.

For those subjects with more than 30 hippocampal voxels, only 30 voxels with the highest
mi-scores were selected, according to Equation [1] below:

[1]

where N was the number of voxels in masked brain regions, mi is the mean of absolute mij-
score of hippocampus voxel i, as voxelwise functional connectivity.

For each brain voxel j, its overall connectivity strength is the mean of mij over the 30
selected voxels according to Equation [2]

[2]

The distribution of mj was registered to the study subject's own anatomical images and
transformed to the Talairach space with 2 × 2 × 2 mm3 cubic interpolation (program
adwarp), followed by applying a 6-mm full-width half-maximum Gaussian kernel filter to
generate individual HFC maps. These procedures were designed to compensate for
intersubject anatomical variability for cross-subject comparison.
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Statistical Analysis
Comparison of the HFC Network Patterns within and between Groups of
Study Subjects—For each group (AD group at baseline [ADB], AD group after treatment
[ADT] and cognitively normal group of subjects [CN]), the pattern of the HFC map was
generated by applying a voxelwise one-sample t-test within groups against a null hypothesis
of no connectivity (p < 0.01, cluster size > 1072 mm3, corrected with AlphaSim,). For the
between-group comparison, a two-sample t test was performed (p < 0.05, cluster size > 4048
mm3, corrected with AlphaSim).

Linear Regression Analysis—To determine the cognitive significance of the HFC
alteration, a linear regression analysis was performed to examine the relationship between
the change in voxelwise HFC strength (Δmj or simply Δm) and the change in MMSE scores
(ΔMMSE) and ADAS-cog scores (ΔADAS) of all AD subjects before and after treatment.
The voxelwise linear regression map was further cluster-corrected (program AlphaSim) with
a cluster threshold of > 4048 mm3 at the significance level of p < 0.05 to identify the
correlation maps of behavioral scores.

In addition to the voxelwise correlation maps of behavioral scores, a numeric presentation of
the correlation can be obtained by identifying a center voxel with the highest z-score in each
region of the voxelwise correlation maps. Twenty-seven voxels around the center voxel
were selected and the averaged Δm value over the 27 voxels was linearly correlated with
ΔMMSE and ΔADAS across AD subjects to obtain the correlation graphs. Figure 1
summarizes the imaging and data-processing procedures.

Results
Subject Characteristics

Fourteen mild AD and 18 CN subjects were used for the final data analysis. Demographic
information and clinical evaluations are shown in Table 1. No significant difference in age
or gender was noted between groups. MMSE scores in AD study subjects after donepezil
treatment were not significantly different from baseline. However, ADAS-cog scores were
significantly improved at the 12-week study end point (p < 0.01). Table 2 provides a detailed
description of the MMSE and ADAS-Cog scores for each AD subject at baseline and after
treatment.

Neuroimaging Data
HFC Network Patterns in CN, ADB and ADT Groups—To establish a comparison of
the AD subjects, we analyzed R-fMRI data from a group of CN subjects to identify regions
correlated or anticorrelated to the hippocampus. Using a one-sample t-test, the HFC network
in the CN (A), ADB (B), and ADT groups (C) was obtained (Figure 2). As shown in Figure
2A, there were positively correlated HFC networks (the mj value was positive) in the
posterior cingulate cortex and negatively correlated or anticorrelated HFC networks (the mj
value was negative) in the bilateral dorsolateral prefrontal cortex and bilateral inferior
parietal cortex. The information of correlated/anticorrelated HFC networks in the CN group
serves as the reference in identifying how donepezil treatment alters these networks in AD
subjects.

Changes in the HFC Network Connectivity after Donepezil Treatment—Before
donepezil treatment, a two-sample t-test between ADB and CN groups showed that the
positively correlated HFC network connectivity was markedly reduced in ADB in brain
regions, including the left middle occipital gyrus, left fusiform gyrus, left posterior cingulate
cortex (PCC), and left superior parietal cortex; bilateral lingual gyrus and cuneus; and right
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precuneus and postcentral gyrus (Table 3). Also, the anticorrelated hippocampal network
strength (negative mj values) in the ADB group was significantly decreased (less negative) in
the right dorsolateral prefrontal cortex (DLPFC), inferior frontal gyrus (IFG) and anterior
cingulate cortex (ACC), relative to the controls. Detailed Talairach coordinates of these
regions are presented in Table 3.

After donepezil treatment, a two-sample t-test (ADTvs. ADB) showed an increase in
positively correlated HFC network connectivity. The enhanced HFC network was seen in
regions of the precentral gyrus, parahippocampus, insula, lentiform nucleus, thalamus,
middle frontal gyrus (MFG) and pons on the left side, and PCC on the right, as shown in
Table 4. Additionally decreased anticorrelated HFC network strength in the ADT group was
observed in the left inferior parietal cortex and supramarginal gyrus, left posterior MTG and
right DLPFC.

Neural Correlates of Behavioral Changes before and after Donepezil
Treatment—As demonstrated in Figure 3, the neural correlates of changes in MMSE
scores after donepezil treatment were located in the left inferior frontal and precentral gyri,
insula, parahippocampus and DLPFC. Similarly, the neural correlates of changes to ADAS-
cog scores are shown in Figure 4. The improvement in ADAS-cog scores correlated with the
change in HFC strength in the left DLPFC and middle frontal gyrus. The detailed Talairach
coordinates of these regions are presented in Table 5.

Discussion
Clinical trials have demonstrated that ChEIs positively affect cognition in AD and other
conditions, but few studies have examined where effects occur in the brain. The objective of
this study was to identify neural correlates of cognitive improvement after three months of
donepezil treatment in subjects with mild AD. Our main hypothesis was that donepezil
would improve the HFC network, which would significantly correlate with cognitive
improvement. Specifically, in nonhuman primates and humans, cholinergic fibers primarily
originate from the cholinergic nuclei located in the basal forebrain and pons, and densely
innervate the thalamus, limbic regions and neocortical regions (35). The hippocampus, in
particular, is one of the limbic areas with the highest concentration of cholinergic
innervation. In AD, a decrease in cortical and hippocampal cholinergic neurotransmission is
observed (1, 35). In vivo visualization of donepezil binding in the brains of AD patients
reveals a significant reduction in the hippocampus (36). Recent neuroimaging approaches, in
particular resting-state R-fMRI studies in AD, have shown hippocampal disconnection with
the limbic, thalamic, and neocortical areas (18, 22-24). In addition, the hippocampal network
is involved in the default mode network, which showed alterations in the AD subjects (20,
21, 37).

Currently, very little is known regarding how donepezil affects functional brain networks in
patients with mild AD. After 12 weeks of donepezil treatment, subjects demonstrated
significant enhancement of the positively connected hippocampal functional networks,
especially in the regions of the right PCC, and the left insula and thalamus. It is
hypothesized that donepezil treatment significantly increases cholinergic activity, and
improves hippocampal network activity. Recent studies demonstrated that the PCC is an
important region as a part of the connectivity found in the backbones and brain module (38).
The improved connectivity between the PCC and the hippocampus after the cholinergic
treatment could improve the information flow, resulting in cognitive improvement.

The improved HFC network seen after donepezil treatment involves similar regions that
have shown improvement in previous acute and prolonged ChEI-challenged fMRI task-
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activation studies reported in the literature. For example, during a working-memory task
paradigm, a single dose of rivastigmine increased activation in the right prefrontal cortical
regions in mild AD subjects (8). Similarly, after only five days of galantamine treatment,
MCI patients demonstrated increased left hippocampal, prefrontal, anterior cingulate, and
occipital cortical activation during face encoding, and right precuneus and middle frontal
gyrus activity with working-memory tasks (9). MCI patients also have shown increased
DLPFC, superior frontal gyrus, temporal lobe, and occipital region activity during working-
memory tasks (10) after an average of 10 weeks of donepezil treatment. Other fMRI task-
specific studies have focused on the effects of prolonged administration (20 weeks) of
rivastigmine (13) and galantamine (12) in mild AD. During various cognitive tasks,
increased activation was found in the frontal lobe, inferior parietal lobe and basal ganglia
structures. In this study, using resting-state R-fMRI and a shorter duration of donepezil
treatment, we found similar results and have extended the findings to include other brain
regions, such as the insula, thalamus and pontine regions.

Unlike fMRI studies where the brain responses to treatment are dependent on the type of
cognitive task, R-fMRI studies can identify brain networks in which changes in the network
activity correlate with changes in cognitive function. In the present study, we employed the
changes in the MMSE and ADAS-cog scores as independent variables to identify their
neural correlates. As shown in Figure 3E, changes in the parahippocampus activity (Δm)
significantly correlated with changes in MMSE scores, such that the stronger the
connectivity between the parahippocampus and the hippocampus, the greater the
improvement in the MMSE. It is plausible that improvement of the network connectivity in
this important cognitive pathway is resultant of the cholinergic enhancement after donepezil
treatment.

The regions of the left DLPFC, left IFG and left precentral gyrus in the anticorrelated HFC
network showed a negative correlation with changes in MMSE scores. The negative slope
represented the increase or recovery in anticorrelation activity. This is because the sign of
functional connectivity in these regions is negative in these anticorrelation networks in the
CN group, as shown in Figure 2. The better the recovery of this anticorrelation network
activity is, the greater the cognitive improvement is in these subjects after treatment. The
better recovery of anticorrelation connectivity in the DLPFC-hippocampus network may
help memory reconsolidation, thereby facilitating signal processing from the hippocampus
to the DLPFC (39).

Similar neural correlates related to changes in the ADAS-cog score were found in the
regions of the left DLPFC and the left MFG, as shown in Figure 4. Because the DLPFC and
MFG regions belonged in the anticorrelated HFC network, and the negative values of
ΔADAS-cog represent improvement of cognitive function, the slopes in Figure 4 are
positive. This indicates that greater cognitive improvement (represented by negative
ΔADAS-cog scores) is associated with better connectivity recovery in these anticorrelated
networks (represented by negative Δm values). Clearly, connectivity recovery between the
temporal and frontal networks in mild AD could result in cognitive improvement, as
measured by ADAS-cog scores. To our knowledge, this is the first study in which neural
correlates of cognitive improvement, as evidenced by MMSE and ADAS-cog scores, are
revealed and can be employed to monitor or assess therapeutic responses to AD treatment.

It is intriguing that the brain regions with altered HFC network connectivity after treatment
(Table 4, ADB vs. ADT) did not overlap with those regions that had reduced HFC network
connectivity (Table 3, ADB vs. CN). In other words, donepezil treatment in patients with
AD did not improve the originally reduced HFC connectivity. Instead, the donepezil
treatment boosted HFC connectivity in those regions (Table 4) where the HFC connectivity
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was normal in the CN group. It is plausible that because the oral donepezil treatment
increases the cholinergic activity in the whole brain, this medication increases activity in
some regions (as listed in Table 4), even though they were relatively normal before
treatment. It is suggested that brain reorganization may occur after treatment. However, such
increased connectivity in certain regions (Table 4) after donepezil treatment could induce
some of the imbalances in the neural network, resulting in modest improvement of the
cognitive performance.

Justification for Selecting the “Seed” Region
For the determination of functional connectivity, the “seed” method is an original and
simple technique, which extracts the intrinsic time course from a region of interest, and then
determines the temporal correlation between this extracted signal and the time courses from
all other voxels (26). Although this method requires a priori definition of a seed region, it is
widely employed, because this approach provides high sensitivity and easy interpretation of
results. In the related research topic, a majority of previous studies averaged all voxel time
courses in the hippocampus as the “seed” signal (18, 22), while others selected only five
voxel time courses as the “seed” signal (23). Other studies employed the independent
component analysis (ICA) method without requiring a priori specification of a seed region
to calculate functional connectivity (19, 40). There is no consensus, as of yet, on how to
choose the optimal number of components, or the manner by which to assign each
component with specific neurophysiological meaning (27). In the present study, we selected
30 voxel time courses with the highest averaged m-values from each subject as a “seed”
region because all but one AD subject (16 voxels), had a minimum of 30 hippocampal
voxels. Our rationales are: 1) the number of hippocampal voxels in each individual subject is
different. Some have bigger hippocampi than others; 2) the mean number of hippocampal
voxels in AD subjects is significantly smaller than that of the CN subjects; 3) each subject
has the same number of voxels with the best functional connectivity as the seed region. We
compared results from the literature and found that the selection of different numbers of
voxels in the hippocampus could affect the results of functional connectivity (19, 22, 23). In
the present study, we reanalyzed the entire dataset with “averaged voxel time courses over
all hippocampus voxels.” The results of the hippocampal functional connectivity differences
between mild AD and control subjects are consistent with previous publications (22), but the
differences in functional connectivity are less than the 30-voxel approach. It is possible that
the method of averaging all voxel time courses to generate the seed signal may desensitize
the difference in the functional connectivity. Although a comprehensive investigation on
how the seed selection would affect the hippocampal connectivity is beyond the scope of
this study, a sophisticated design, such as clustering analysis, could address this question in
a future study.

This study is not without limitations. The study duration was relatively brief compared to
some other pharmacological fMRI studies, although we were able to measure the responses
of HFC activity to donepezil treatment in AD study subjects, and show the cognitive
significance of hippocampal functional alterations in this population. Second, the sample
size was relatively small, because the population was limited to mild AD subjects, who
never received AD-related medication. Third, this was an open-label study instead of a
scientifically ideal double-blind placebo-controlled study. As a result, there is a possibility
that the observed results may represent a placebo effect. However, a randomized, placebo-
controlled trial of donepezil relative to AD is no longer considered ethical, as the Food and
Drug Administration approved this medication for clinical use in mild to severe AD. In
practice, such a possibility is low, because previous studies showed that during the clinical
trials of donepezil, there was no significant placebo effect observed in AD subjects in three
months after treatment (4, 41). Fourth, another limitation in our study design is that the
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controls were only scanned at baseline and not at 12 weeks. Finally, while our data analysis
was limited to the HFC network, the neural network changes in AD are clearly not limited to
the HFC network; we will perform a global functional connectivity analysis with this cohort
that will consider all pairs of anatomically defined regions of interest from the whole-brain
template in Talairach space.
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Fig 1.
A flow diagram depicts the image and data processing procedures. Left: Data acquisition
and preprocessing to obtain individual HFC network map. Right: Statistical analysis for
group-level comparisons and linear regression analysis. CN: Cognitively Normal; mADB:
mild Alzheimer's disease, baseline group; mADT: mild Alzheimer's disease, treatment
group; SPGR, Spoiled Gradient-Recalled Echo sequence; fMRI: functional Magnetic
Resonance Imaging; HFC, hippocampus functional connectivity; ADAS-cog: Alzheimer's
Disease Assessment Scale-cognitive subscale; MMSE: Mini-Mental State Examination.
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Fig 2.
The hippocampal functional connectivity network patterns for the cognitively normal group
(row A), mild Alzheimer's disease (AD) group at baseline (row B) and mild AD group after
treatment (row C). The images are in radiological format, the right side image represents the
left side anatomy. The numbers in red are: 1: the left inferior parietal cortex; 2: the right
middle temporal gyrus; 3: the left middle temporal gyrus; 4: the right inferior parietal cortex;
5: the right fusiform gyrus; 6: the right thalamus; 7: the left thalamus; 8: the right
dorsolateral prefrontal cortex; 9: the left dorsolateral prefrontal cortex; 10: the left posterior
cingulate cortex. Bright color indicates positive correlation pattern, and blue color indicates
negative correlation (anticorrelation) pattern. Color bar provided to indicate z-scores.
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Fig 3.
The neural correlates between changes in the hippocampal functional connectivity network
activity and changes in Mini-Mental State Examination (MMSE) scores after donepezil
treatment. The stronger the anticorrelation strength (Δm is more negative) in the left
dorsolateral prefrontal cortex (L DLPFC), precentral gyrus(L PreCG), and inferior frontal
gyrus (L IFG), the better the improvement in MMSE scores (ΔMMSE is more positive). In
the left parahippocampus (L Parahippo) region, the stronger the correlation strength (the Δm
is more positive), the better the MMSE improvement. For the correlation in the left insula (L
Ins), please see the discussion in the text.
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Fig 4.
The neural correlates between changes in hippocampal functional connectivity network
activity in the left dorsolateral prefrontal cortex (L DLPFC) and the left middle frontal gyrus
(L MFG) correlated to changes in AD Assessment Scale-cognitive subscale (ADAS-cog)
scores after donepezil treatment. The stronger the anticorrelation strength (Δm is more
negative), the better improvement in ADAS-cog scores (ΔADAS is more negative).
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Table 1
Demographic and Clinical Information

Characteristic

Mild AD (n = 14) CN (n = 18)

Baseline After Treatment

M ± SD M ± SD M ± SD

Sex (female/male) 5/9 5/9 8/10

Age, years 77.6 ± 6.6 77.9 ± 6.6 74.9 ± 6.3

MMSE 26.1 ± 1.3 26.1 ± 2.7 29.4 ± 0.9a

ADAS-cog 12.0 ± 4.8 10.5 ± 6.1b

a
Significant difference of MMSE scores between mild AD and CN group.

b
Significant difference of ADAS-cog scores before and after donepezil treatment, from Student's t-test.

There were no significant gender differences between groups (X2=0.50, p=0.48). AD = Alzheimer's disease; CN = cognition normal; M = mean;
SD = standard deviation; MMSE = Mini-Mental State Examination; ADAS-cog = Alzheimer's Disease Assessment Scale-cognitive subscale.
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Table 2
MMSE and ADAS-Cog scores at baseline (BL) and after treatment (TM) of the mild AD
patients

Subject Number

MMSE ADAS-Cog

BL TM BL TM

1 26 30 6.3 4.7

2 25 27 16.3 12.0

3 27 26 6.0 5.0

4 25 25 10.7 6.7

5 26 28 12.3 6.7

6 25 22 9.3 9.7

7 26 30 9.0 5.7

8 28 30 9.3 6.7

9 25 24 12.3 9.0

10 28 26 10.7 10.0

11 25 22 18.3 24.0

12 24 27 15.7 13.7

13 27 24 23.0 22.3

14 28 25 7.7 8.3
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