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Effects of Rivastigmine on Brain Functional Networks in
Patients With Alzheimer Disease Based on the Graph Theory
Jiangtao Zhang, MS,* Jianan Cheng, MS,† and Hua Yang, MS*
Objective: The aim of this study was to explore the effect of rivastigmine
on brain function in Alzheimer disease (AD) by analyzing brain functional
network based on the graph theory.
Methods:We enrolled 9 patients with mild to moderate ADwho received
rivastigmine treatment and 9 healthy controls (HC). Subsequently, we used
resting-state functional magnetic resonance imaging data to establish
the whole-brain functional network using a graph theory–based analysis.
Furthermore, we compared systemic and local network indicators between
pre- and posttreatment.
Results: Patients with AD exhibited a posttreatment increase in the
Mini-Mental State Examination scores and a decrease in the Alzheimer's
Disease Assessment Scale cognitive subscale scores and activities of daily
living. The systemic network for HC and patients with AD had good pre-
and posttreatment clustering coefficients. There was no change in the Cp,
Lp, Gamma, Lambda, and Sigma in patients withAD. Therewere no signif-
icant between-group differences in the pre- and posttreatment systemic net-
work measures. Regarding the regional network, patients with AD showed
increased betweenness centrality in the bilateral caudate nucleus and right
superior temporal pole after treatment with rivastigmine. However, there
was no between-group difference in the pre- and posttreatment between-
ness centrality of these regions. There were no significant correlations be-
tween regional network measure changes and clinical score alterations in
patients with AD.
Conclusions: There are similar systemic network properties between pa-
tients with AD and HC. Rivastigmine cannot alter systemic network attributes
in patientswithAD.However, it improves the topological properties of regional
networks and between-node information transmission in patients with AD.
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A lzheimer disease (AD), which is a primary degenerative brain
disease, is characterized by unknown etiology, hidden onset,

and gradual disease progression.1 Clinically, there is a progressive
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decline invarious cognitive functions in patientswithAD, including
episodic memory, orientation, and executive function. Alzheimer
disease remains incurable; however, some drugs can improve its
clinical symptoms or postpone disease progression. Common drugs
used for treating mild to moderate AD include cholinesterase in-
hibitors such as donepezil, rivastigmine, and galantamine. Among
them, rivastigmine has superior clinical efficacy because it simul-
taneously inhibits acetylcholinesterase and butyrylcholinesterase
activities.2,3 However, the mechanism underlying its clinical effi-
cacy regarding brain function remains unclear, with only few re-
lated studies available.

A study that used positron emission tomography using (18)
F-fluorodeoxyglucose reported that rivastigmine could improve
the hippocampalmetabolic rate.4 Specifically, during episodemem-
ory tasks, rivastigmine can enhance and inhibit neural activity in
the right fusiform gyrus and posterior cingulate cortex, respectively.5

Moreover, magnetic resonance spectroscopy studies reported that
rivastigmine can accelerate the frontal cortical metabolic rate.6

These previous studies focused on the role of rivastigmine in func-
tional metabolism in the local brain area. With the development of
neuroimaging, resting-state functional magnetic resonance imag-
ing (rs-fMRI) demonstrated connection losses between brain sys-
tems in patients with AD,7 which is mainly characterized by
abnormal structures and functions in different brain areas.8 The
brain is a complex organ, and tasks are synergic consequences
of the corresponding brain functional areas; therefore, there is a
need to examine overall brain function. Recent graph theory–
based brain network studies have reported brain network topolog-
ical alterations in patients with AD,9 specifically imbalanced
functional differentiation and integration. The graph theory can
reflect the brain's ability to integrate and process information,8

with the brain being regarded as a complicated network compris-
ing largely interconnected areas.10 The brain can be described
using a group of well-defined nodes structured for perfect interac-
tions between segregation and integration of functionally special-
ized areas.11 Specifically, betweenness centrality is a factor that
represents node importance, which is indicated by the shortest
path number through the node.Moreover, a brain nodewith a high
centrality degree could serve as the center of information trans-
mission. Typically, the clustering degree and local information
transmission capability of the network are measured using the
clustering coefficient (Cp).

12 The mean length of the shortest in-
ternode path in the network is described as the characteristic path
length (Lp), which also determines the systemic network transmission
ability. Notably, a small-world network is characterized by highly
clustered vertex assemblies and a small number of intercluster
systemic shortcuts, which facilitate functional synchronization.13

Resting-state fMRI is used to identify changes in brain
regions based on MRI signal alterations induced by different
resting-state blood oxygen levels. It is a nonradioactive and nonin-
vasive method with high temporal and spatial resolution.14 Previ-
ous studies using rs-fMRI and graph theory–based analyses have
reported abnormal brain and topological structures, with regard to
functional network topology, in patients with AD. Furthermore, these
patients present with remarkable alterations in the small-world,
2021 www.clinicalneuropharm.com 9
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network efficiency, node degree, and betweenness centrality.9

Moreover, brain network topological indices are associated with
favorable sensitivity and specificity, which can distinguish pa-
tients with AD from cognitively normal elderly individuals.9,14,15

In addition, the graph theory has been adopted to identify bio-
markers of depression,16 schizophrenia,17 obsessive-compulsive
disorder,18 and epilepsy.19 However, the effect of acetylcholines-
terase inhibitors in the brain network of patients with AD has not
been investigated using rs-fMRI and the graph theory.

Therefore, this longitudinal study aimed to use rs-fMRI to
determine functional network topological alterations in patients
with AD before and after treatment with rivastigmine at both sys-
temic and local levels. Specifically, we aimed to determine the
rivastigmine effect on the system and local functional networks
in the brain of patients with AD.
MATERIALS AND METHODS

Participants
In this study, patients with AD were diagnosed according to

the AD Diagnostic Criteria for “Possible or Probable AD” estab-
lished by the National Institute of Neurological and Communica-
tive Disorders and Stroke, as well as the Alzheimer's Disease and
Related Disorders Association. We included eligible patients with
AD, regardless of sex, based on the following inclusion criteria:
(1) age 65 to 85 years without any potential for pregnancy; (2)
having a Mini-Mental State Examination (MMSE) score of 10
to 24 points and a Clinical Dementia Rating (CDR) score greater
than 1; (3) having elementary and higher education, ability to read
and write in simplified Chinese, and sufficient vision and hearing
abilities for reliable completion of research evaluation; and (4)
having reliable caregivers who could provide information and su-
pervise accurate medicine intake.

The exclusion criteria were as follows: (1) patients with AD
showing neuropsychiatric or secondary dementia, (2) patients cur-
rently or planning to participate in an AD drug trial, (3) patients
who previously received AD antibody therapy, and (4) patients with
anticholinergic or anticonvulsive medication dose changes within
4 weeks before the baseline assessment. In addition, the cranioce-
rebral MRI exclusion criteria were as follows: (1) presenting clin-
ically significant cortical or subcortical infarctions on MRI, (2)
having clinically significant infarcts in critical sections of the sub-
cortical gray matter [including the hippocampal region, lateral hy-
pothalamic area, and left caudate nucleus (CAU)], (3) having
clinically significant multiple lacunar infarcts in the white matter
(≥2 infarcts), and (4) having extensive white matter damage indic-
ative of Binswanger disease or other severe white matter abnormal-
ities. We did not exclude patients showing mild to moderate white
matter damage that was consistent with the patients’ age and was
not associated with other radiological findings or clinically relevant
conditions.

Drug Treatment and Efficacy Evaluation
The patients received oral rivastigmine (1.5 mg per capsule,

28 capsules per package, Novartis Farmaceutica SA, Spain) for
24 weeks at a starting dose of 1.5 mg twice a day (BID) at break-
fast and dinner for the first 2 weeks, 3 mg BID from the third
week, and 4.5 mg BID from the fifth week, with the maximum
rivastigmine dose being 12 mg/d. Typically, patients who did not
achieve the minimum target daily dose of 6 mg rivastigmine were
withdrawn from the study.
10 www.clinicalneuropharm.com
Assessment Tools for Clinical Curative Effect
We used MMSE20 and the Alzheimer's Disease Assessment

Scale cognitive subscale (ADAS-cog)21 to assess cognitive func-
tion, CDR22 to assess dementia severity, Activity of Daily Living
Scale (ADL)23 to assess daily functioning, and Neuropsychiatric
Inventory (NPI)24 to assess psycho-behavioral symptoms in pa-
tients with AD.

Healthy Controls
We enrolled healthy individuals aged 65 to 85 years with

normal overall cognitive function, no significant memory or other
cognitive dysfunction, MMSE score greater than 24, and CDR
score of 0. Moreover, the exclusion criteria for healthy controls
(HC) were similar to those for patients with AD.

Between January 2016 and June 2018, we enrolled 13
right-handed patients with AD from Tongde Hospital, Zhejiang
Province, China. These patients were treated with rivastigmine
for 24 weeks; moreover, they underwent clinical assessments (in-
cluding the CDR, MMSE, ADAS-cog, NPI, and ADL) and MRI
scans at baseline and week 24. Two patients dropped out of the
study due to intolerable nausea, which is a treatment adverse ef-
fect. Two patients showed excessive head movement during
MRI scans, which rendered the data unusable. Finally, 9 patients
completed the study. Consequently, we selected 9 normal elderly
people matched according to age, sex, and education level as nor-
mal controls (HC), and they underwent clinical assessments and
MRI scans upon enrollment. This study was approved by the
ethics committee; moreover, all participants provided written in-
formed consent for study participation.

Magnetic Resonance Imaging Data Acquisition
Magnetic resonance imaging data were obtained using a 3.0-

Tesla scanner (Magnetom Verio, Siemens, Erlangen, Germany).
The head was padded with dense and easeful foam padding to exten-
sively reduce head motion; further, earplugs were worn to decrease
the scanning noise. Subsequently, we applied the 3-dimensional
T1-weighted magnetization-prepared rapid gradient-echo sequence
using the following parameters (repetition time of 1900milliseconds,
echo time of 2.48 milliseconds, inversion time of 900 milliseconds,
flip angle of 9°, field of view of 250 mm � 250 mm, matrix of
512 � 512, slice thickness of 1 mm, no gap, and a slice number
of 176) to yield high-resolution sagittal structural images. Further-
more, we used the gradient-echo echo planar imaging sequence to
obtain resting-state axial functional blood-oxygen-level-dependent
(BOLD) images using the following parameters (repetition time/
echo time of 2000/30 milliseconds, flip angle of 90°, field of view
of 220 mm� 220 mm, matrix of 64� 64, slice thickness of 4 mm,
gap of 0.8 mm, slice number of 30, and 160 volumes). During the
scan, the participants were asked to close their eyes, relax, minimize
their motion, keep their mind relaxed, and remain awake. Subse-
quently, all the obtainedMRI images were visually examined to en-
sure only artifact-free images were included for analyses.

Preprocessing of fMRI Data
Resting-state BOLD datawere preprocessed using Statistical

Parametric Mapping 12 (http://www.fil.ion.ucl.ac.uk/spm) and
Data Processing Assistant for Resting-State fMRI (http://rfmri.
org/DPARSF).25 Typically, for each participant, the first 10 vol-
umes were eliminated to ensure that the signals reach equilibrium,
with all participants being able to adjust the noise during scan-
ning. The remaining volumes were adjusted according to the
between-slice acquisition time delay. Subsequently, the motion
between different time points was corrected through realignment.
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 1. Demographic and Clinical Characteristics of the
Sample

Characteristics
Patients With
AD (n = 9) HC (n = 9) Statistics P

Age, y 72.7 ± 12.6 73.0 ± 12.2 t = −0.057 0.955*
Sex (female/male) 7/2 7/2 χ2 = 0 1†
Education, y 9.9 ± 4.2 10.3 ± 3.4 t = −0.246 0.809*
CDR (baseline) 1.4 ± 0.5 0 ± 0 t = 8.222 <0.001*
CDR (24 wk) 1.4 ± 0.5 —
MMSE (baseline) 14.6 ± 6.0 29.6 ± 0.9 t = −7.468 <0.001*
MMSE (24 wk) 16.6 ± 6.2 —
ADAS-cog
(baseline)

28.6 ± 10.1 —

ADAS-cog
(24 wk)

24.1 ± 10.7 —

NPI (baseline) 0 ± 0 —
NPI (24 wk) 0 ± 0 —
ADL (baseline) 35.1 ± 15.3 —
ADL (24 wk) 29.6 ± 13.0 —

The data are shown as mean ± SD.

*The P values were obtained by 2-sample t tests.

†The P value was obtained by Pearson χ2 test.
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For each volume, we calculated the head motion parameters by
determining the translation in each direction and the angular rota-
tion on each axis. Typically, the BOLD data of all the participants
lay within the defined motion thresholds (ie, translational or rota-
tional motion parameters <3mm or <3°).Moreover, we calculated
the framewise displacement, which indicated volume-to-volume
changes in head position. In addition, we excluded several unex-
pected covariates (including the Friston 24 model–based estimated
motion parameters, linear drift, white matter signal, and cerebrospi-
nal fluid signal) from the data. Recent studies have indicated that
the head motion–induced signal spike could significantly affect
the eventual rs-fMRI results, even after regressing out linear motion
parameters.26 Therefore, we further regressed out the spike volumes
in the presence of a specific volume framewise displacement
greater than 0.5. Subsequently, the datasets were band-pass filtered,
with the frequencies ranging from 0.01 to 0.1 Hz. During normali-
zation, each individual's structural images were coregistered with
the mean functional image, followed by segmenting and normaliz-
ing the transformed structural images using a high-level nonlinear
warping algorithm to the Montreal Neurological Institute space
based on the diffeomorphic anatomical registration through the
exponentiated Lie algebra technique.27 Finally, all the filtered func-
tional volumes were normalized to Montreal Neurological Institute
space using the previously mentioned deformation parameters and
resampled into a 3-mm cubic voxel.

Network Construction
Thewhole-brain functional network, which comprised nodes

(brain regions) and internode edges (functional connectivity), was
constructed using GRETNA software (http://www.nitrc.org/
projects/gretna). Subsequently, the brain was segmented into 90
cortical and subcortical regions of interest (ROIs) (considered as
a group of nodes in this network analysis) using the automated an-
atomical labeling template to define the network nodes.28 Each
hemisphere contained 45 ROIs. For each participant, the BOLD
time series of all voxels in each ROI was averaged to obtain the
representative value. Moreover, we computed the Pearson correla-
tion coefficients among the average time series of all potential
node pairs to define the network edges, with a 90� 90 correlation
matrix being generated for each participant. Finally, the correla-
tion matrix thresholds were determined (refer to the threshold se-
lection below for more details) and converted into binary matrices
(ie, adjacency matrices). If the absolute Pearson correlation coef-
ficient of region i with region j was more than the threshold, then
entry aij = 1; otherwise, aij = 0.

Network Analysis
For network analysis, we applied a series of sparsity thresh-

olds, which were considered as the ratios of the division result
of the existing edge number by the maximum potential edge num-
ber in the network to all correlation matrices. This method ensures
that all the constructed networks had equal edge numbers, which
allows assessment of between-group differences in the relative
network organization.29,30 This study used sparsity thresholds
ranging from 0.10 to 0.34 at intervals of 0.01, as previously
described.31–34 Typically, this thresholding method was considered
depending on the possible estimation of the constructed networks
with regard to small-worldness and possession of sparse properties
involving the potential minimum spurious edge number.

Systemic and regional network measures were computed for
each brain network at every sparsity threshold.

On the one hand, systemic measures included 5 small-world
property metrics35:Cp (measured degree of local density or network
cliquishness), Lp (measured degree of average whole-network
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
connectivity or routing efficiency), normalized clustering coeffi-
cient (Gamma; the real: random network clustering coefficient ratio),
normalized characteristic path length (Lambda; the real: random
network characteristic path length ratio), and small-worldness
[Sigma = Gamma/Lambda](a scalar quantized small-worldness
network measure).

On the other hand, regional measures were presented as be-
tweenness centrality [refer to the reviews36 for uses and interpre-
tations]. Typically, betweenness was considered as the fraction of
each characteristic path passing the given network node, which
could capture the node effect on the information flow among the
other network nodes. Therefore, brain areas with large between-
ness centrality were regarded as bridging hubs crucially involved
in connecting the disparate network parts. Moreover, the area under
the curve was calculated for all network metrics, which provided a
summarized scalar for characterizing brain network topology. The
integrated area under the curve metric was not dependent on single
threshold selection. Therefore, it was sensitive to topological changes
associated with brain disorders; moreover, it has been widely applied
to investigate brain networks.31–34
Statistical Analysis
All statistical analyses were performed using SPSS 19.0.

(SPSS, Chicago, Illinois). Two-sample t tests were used for
between-group comparisons of age, education, baseline CDR
scores, and MMSE scores. Between-group sex differences were
determined using the Pearson χ2 test. For patients with AD, pre-
and posttreatment changes in the CDR, MMSE, ADAS-cog, NPI,
and ADL scores were evaluated using paired t tests.

Moreover, 2-sample t tests were used to explore between-group
differences in the systemic and regional network measures. Further-
more, paired t tests were used to examine pre- and posttreatment
changes in the 5 small-world property metrics and betweenness
centrality. Finally, the associations between significant posttreat-
ment changes in network measures and clinical scores of patients
with AD were assessed using Pearson correlation analyses.
www.clinicalneuropharm.com 11
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RESULTS

Characteristics of the Samples
Table 1 presents the demographic and clinical characteristics

of each participant. There were no significant between-group
differences in age (2-sample t test, t = −0.057, P = 0.955), sex
(χ2 test, χ2 = 0, P = 1), and education (2-sample t test,
t = −0.246, P = 0.809). However, patients with AD showed signif-
icantly higher baseline CDR scores (2-sample t test, t = 8.222,
P < 0.001) and lower baseline MMSE scores (2-sample t test,
t = −7.468, P < 0.001) compared with those of HC. After treat-
ment, patients with AD showed increased MMSE scores (paired
t test, t = 2.502, P = 0.037), as well as decreased ADAS-cog
(paired t test, t = −3.412, P = 0.009) and ADL scores (paired t test,
t = −3.454, P = 0.009) (Fig. 1). However, there was no significant
posttreatment change in the CDR and NPI scores.

Changes in the Systemic Network Measures
Within the defined threshold range, functional brain net-

works in HC and patients with AD had good pre- and posttreat-
ment clustering coefficients (ie, Gamma > 1). However, there
were almost similar characteristic path lengths (ie, Lambda ≈ 1)
with those of the corresponding random networks, which is indic-
ative of the characteristic small-world topology (ie, Sigma > 1)
(Fig. 2). Moreover, there was no posttreatment change in the Cp,
Lp, Gamma, Lambda, and Sigma (P > 0.06) (Fig. 3) of patients
with AD. Furthermore, there were no significant between-group
differences in the pre- and posttreatment systemic network mea-
sures(P > 0.13) (Fig. 3).

Alterations in Regional Network Measures
Patients with AD showed a posttreatment increase in be-

tweenness centrality in the bilateral CAU and right superior tem-
poral pole (TPOsup) (Fig. 4). However, there were no significant
between-group differences in the pre- and posttreatment between-
ness of these regions (P > 0.11) (Fig. 4). In addition, therewere no
significant correlations between posttreatment regional network
measure changes and clinical score alterations in patients with
AD (P > 0.07).

DISCUSSION
Our findings indicated that rivastigmine treatment for pa-

tients with AD increased their MMSE scores and decreased the
ADAS-cog and ADL scores. There were no marked posttreatment
changes in the systemic network measures of patients with AD,
which is suggestive of the characteristic small-world topology. Re-
garding regional networks, there were evident changes in the be-
tweenness centrality of multiple nodes. Specifically, there was
posttreatment enhancement in betweenness centrality in the bilateral
FIGURE 1. Posttreatment changes in the clinical assessments. ADAT, pa
treatment.
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CAU and TPOsup in patients with AD; however, it did not show
a significant between-group difference. These findings could facil-
itate the understanding of the neural mechanisms underlying AD
treatment using rivastigmine based on brain functional networks.

We observed a posttreatment improvement in the MMSE,
ADAS-cog, and ADL scores, which was consistent with previous
findings37–39 on the effects of rivastigmine on AD.

In this study, the whole-brain network of patients with AD
was analyzed using the Cp, Lp, Gamma, Lambda, and Sigma,
which showed no significant between-group differences or post-
treatment changes. They all had small-world properties, which
could be attributed to the system network in patients with mild
to moderate AD not being disrupted and being capable of infor-
mation processing, as reported in previous studies.40 However,
there was no significant posttreatment change in the systemic net-
work, which indicated that rivastigmine lacked an obvious effect
on the systemic network. These findings could be attributed to
our very small sample not allowing for sufficient power to reveal
significant changes in thewhole-brain networkmeasures in patients
with AD after rivastigmine treatment. Alternatively, rivastigmine
treatment for dementia may not affect the underlying disease pro-
gression in AD.41 In addition, compensation from other brain re-
gions or loops could lead to the seemingly “normal” systemic
network given that the brain was highly conserved and robust.11

Nonetheless, regarding the regional network measures, there
was a posttreatment increase in the betweenness centrality in the
bilateral CAU and right TPOsup of patients with AD. Typically,
the CAU, which comprises bilateral subcortical gray matter struc-
tures, is a part of the basal ganglia and frontal striatum network;
moreover, it is involved in motor, emotional, and cognitive func-
tions.42 Moreover, the CAU is substantially involved in high-level
human cognition.43 Specifically, as described by Alexander et al44

in 1986, it plays a role in advanced cognitive processes through
the dorsolateral prefrontal circuit. Furthermore, the CAU is in-
volved in an active feedback loop45 for guiding attention. In addi-
tion, it is related to both motor and nonmotor functions, including
set shifting, spontaneous responses, rule learning, contingency ac-
tion, planning, language, speech processing, and other cognitive
processes.46–48 Previous studies have reported a marked reduction
in the CAU volume in patients with AD compared with that in
HC.49,50 Patients with AD have also presented a marked decrease
in the galanin binding site number in the CAU.51 Furthermore, this
study suggested that the pretreatment betweenness centrality in the
CAU of patients with AD was lower than that of HC. There are nu-
merous cholinergic neurons distributed in the CAU52–55; moreover,
acetylcholine is an important neurotransmitter in the central cholin-
ergic nervous system. In addition, changes in acetylcholine may
directly affect learning, memory, and cognition functions.56,57

Previous studies have reported cholinergic neurotransmitter dys-
function in the CAU of patients with AD.58 In addition, this study
showed that rivastigmine could enhance the betweenness centrality
tients with AD after treatment; ADBT, patients with AD before

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 2. Small-world property metrics as a function of sparsity thresholds. Regarding the defined threshold range, HC and patients with AD
before and after treatment showed normalized clustering coefficients (Gamma) and small-worldness (Sigma) substantially greater than 1,
and normalized characteristic path lengths (Lambda) approximately equal to 1. This was indicative of a typical small-world topology. ADAT,
patients with AD after treatment; ADBT, patients with AD before treatment.
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of the CAU, which suggests that it might improve AD symptoms
by promoting the information transmission center function of the
CAU and that it exerts beneficial effects on bilateral CAU. There-
fore, rivastigmine could show specific selectivity for the CAU.

The temporal pole, which is a part of the cerebral cortex, is
involved in multimodal sensory integration59,60 and is associated
with various advanced social-emotional cognition function includ-
ing language processing,61,62 face processing,63 emotions,64–66

subjective assessment,67 and semantic integration.68,69 Moreover,
the temporal pole is a major component of the temporal sensory
system, which includes the visual, auditory, olfactory, and gusta-
tory systems.70,71 Different functional roles of the left and right
temporal poles have been described. Specifically, the left temporal
pole is mainly involved in perceptual decoding, semantic process-
ing, and conceptualization.71 However, the right temporal pole is
mostly associated with social-emotional cues of multisensory per-
ceptual stimulations.72 Typically, the right temporal pole is in-
volved in individual and episodic memories, which are closely
associated with social-emotional memories.73 Therefore, nonver-
bal semantic processing is more susceptible after right temporal
pole damage.74 Notably, rivastigmine treatment for patients with
FIGURE 3. Changes in systemic network measures between the pre- an
Error bars represent standard errors. ADAT, patients with AD after treatm

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
AD could improve regional cerebral perfusion in the temporal
areas.75,76 Moreover, this study found that rivastigmine improved
the betweenness centrality in the right TPOsup. Therefore, rivastigmine
might improve episodic memories of patients with AD by enhanc-
ing the information transmission center in the right TPOsup.
Moreover, the temporal pole could receive highly processed vi-
sual signals from the perirhinal cortex and communicate with
the amygdala and thus participate in the ventral visual stream dur-
ing visual information processing.69,77,78 In addition, Wezenberg
et al79 reported that rivastigmine could improve cognitive and vi-
suospatial functions in healthy elderly individuals, which suggests
that the posttreatment betweenness centrality improvement in the
right TPOsup might promote cognitive and visuospatial functions
in patients with AD.

This study showed no between-group difference in the pre-
and posttreatment betweenness centrality between the CAU and
TPOsup. However, there was a significant posttreatment increase
in the betweenness centrality of both brain regions, which sug-
gests that rivastigmine can improve information processing effi-
ciency in the local brain regions of patients with AD. Therefore,
we assume that rivastigmine exerts a therapeutic effect on AD
d posttreatment measurements and between patients and controls.
ent; ADBT, patients with AD before treatment.

www.clinicalneuropharm.com 13
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FIGURE 4. Changes in regional network measure between pre- and posttreatment measurements and between patients and controls. Error
bars represent standard errors. ADAT, patients with AD after treatment; ADBT, patients with AD before treatment; L, left; R, right; TPOsup,
superior temporal pole.
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through compensation of normal encephalic regions; however,
such compensation is limited and would present as decompensa-
tion once the compensation declines at a rate slower than the func-
tional decline of AD-affected encephalic regions. As suggested in
some studies, although rivastigmine can significantly improve the
MMSE score in the first few months of AD treatment, the MMSE
score would continue to decrease thereafter.41,80 Based on the
above, rivastigmine can only delay rather than reverse the course
of AD.

This study has several limitations. First, this study had a small
sample size, with some of the enrolled patients withdrawing from
the study. This was attributed to the difficulty in following up the
drug therapy for patients with AD and their inability to cooperate
during MRI scans. Second, the data were not normally distributed,
which was largely caused by data skewness resulting from the small
sample size. Nonetheless, this exploratory longitudinal study still
provides useful clinical suggestions for reference. Third, the elderly
often develop underlying diseases requiring multiple drugs, which
might have affected our results. Therefore, future studies should
apply more effort to enroll only patients with AD. Fourth, the sam-
ple size for regional network analysis was small; moreover, as pre-
viously suggested, differences in the parcellation strategy might
result in changes in the graph-theoretical metrics.81,82 This could
lead to false-positive results; however, the automated anatomical
labeling template (90 brain regions) currently remains the classic
method.28,83 Nonetheless, the results of this study have several
implications. In our next study, we will use a larger sample size.

Taken together, this study, which was based on the rs-fMRI
technique and graph theory–based analysis, found that rivastigmine
did not alter systemic brain network properties of the brain network
in patients with AD. However, rivastigmine could increase the be-
tweenness centrality in the CAU and right TPOsup, which suggests
that it could be used as a potential biomarker for monitoring the
efficacy of AD drugs. This could also contribute to guiding indi-
vidualized treatments. However, these findings should be further
verified given the small sample size of this study.
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