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Abstract: Objective: To explore the effect of the combination of donepezil with hyperbaric oxygen therapy and func-
tional rehabilitation training in patients with Parkinson’s disease dementia (PDD). Methods: We selected 122 PDD
patients for the prospectively non-randomized controlled clinical study. Group A (n=60) was treated with donepezil
hydrochloride alone, and group B (n=62) was treated with donepezil hydrochloride, hyperbaric oxygen therapy and
functional rehabilitation training. Both groups received conventional symptomatic treatment. Unified Parkinson’s
Disease Rating Scale (UPDRS), Montreal Cognitive Assessment (MoCA) scale, Barthel index scale, and 39-item
Parkinson’s Disease Quality of Life scale (PDQ-39) were used to evaluate therapeutic effect, cognitive function,
self-care ability, and quality of life. Serum interleukin-1p (IL-18) and interleukin-6 (IL-6) concentrations were deter-
mined by ELISA. Results: The effective rate of group B was significantly higher than that of group A (P<0.05). After
treatment, MoCA score and Barthel index in both groups were significantly increased, with a significantly larger
increase in group B (all P<0.05). PDQ-39 scores in both groups were significantly decreased (both P<0.001), with
a significantly larger decrease in group B (P<0.01). The serum IL-1B and IL-6 concentrations in both groups were
significantly decreased, with a significantly larger decrease in group B (all P<0.001). Conclusion: Combined treat-
ment of donepezil, hyperbaric oxygen and functional rehabilitation training has a certain therapeutic effectiveness
in PDD patients and can improve nervous system function and quality of life. Inhibition of serum IL-13 and IL-6 levels
may be a therapeutic mechanism.
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Introduction stability, and non-motor symptoms like sleep

disorders and cognitive impairment [3]. Cog-

Parkinson’s disease (PD) is mainly manifested
by the pathological degenerative loss of dopa-
minergic neurons in the substantia nigral pars
compacta of the midbrain and the presence of
Lewy bodies in some of the surviving neurons.
Its incidence rate in people over 60 years old
exceeds 1%, and the lifetime prevalence in
humans is up to 2% [1]. To date, the pathogen-
esis of PD still remains unknown. It is consid-
ered that age, drugs, body constitution, and
social living environment may contribute to the
unpleasant status quo [2]. PD clinically pres-
ents with a series of motor symptoms such as
resting tremor, bradykinesia, and postural in-

nitive impairment exists in early-stage PD pa-
tients, and PD dementia (PDD) appears in the
late stage [4]. Cognitive deficits, emotional dis-
orders and other dysfunctions in PDD patients
seriously affect quality of life of the patients,
and these dysfunctions are the key factors for
disability and life shortening of the patients [5,
6]. Therefore, it has always been an interesting
topic in clinical research to explore befitting
treatments for PDD.

Varieties of promising therapies for PDD are in
development, and certain progress have been
made in recent decades, but long-term dopa-
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mine replacement therapy and disease pro-
gression itself may be related to gradual inef-
fectiveness of motor function control and
occurrence of adverse reactions of the drugs
[7]. Cholinesterase inhibitors, such as donepe-
zil hydrochloride, are common therapeutic dru-
gs administrated for patients with Alzheimer’s
disease, and they can reversibly inhibit the
hydrolysis of acetylcholine and improve acetyl-
choline levels, thus improving cognitive func-
tion of the patients [8]. Previous studies have
preliminarily confirmed that donepezil hydro-
chloride has definite therapeutic effects in
PDD, but some patients still present with ad-
verse reactions like diarrhea and aggravation
of tremor [9, 10]. Hyperbaric oxygenation can
increase the oxygen content of brain tissue and
improve the anoxic conditions of the brain and
its adjacent tissues, and thus indirectly reduce
degeneration and necrosis of brain cells [11].
Functional rehabilitation training belongs to a
class of non-drug therapy, so no obvious ad-
verse reactions are present [12]. Recent stud-
ies have shown that the concentrations of PDD-
related inflammatory factors in cerebrospinal
fluid and peripheral blood of PDD patients are
significantly increased, with microglial activa-
tion and neuronal apoptosis; plus, inflammato-
ry cytokines serve an important role in the dis-
ease development [13].

Previous studies have shown that donepezil
hydrochloride, hyperbaric oxygen therapy and
functional rehabilitation training have signifi-
cant benefits on the recovery of PD patients
[14-16]. There are few studies reporting on the
combined application of the three treatments
in PDD patients. This study adopted this combi-
nation treatment and observed the changes of
inflammatory factors, IL-1p3 and IL-6, aiming to
provide a reference basis for PDD treatment.

Materials and methods
Patients

We selected 122 PDD patients for the prospec-
tively non-randomized controlled clinical study.
Of those patients, 62 receiving combined treat-
ment of donepezil hydrochloride, hyperbaric
oxygen therapy and functional rehabilitation
training who were taken as group B, and the
remaining 60 treated with donepezil hydrochlo-
ride alone were taken as group A. In group A,
there were 38 males and 22 females, aged
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from 58 to 79 years old (median: 65.1+5.8
years old), and their disease duration ranged
from 2 to 8 years (median: 3.7£1.3 years). In
group B, there were 42 males and 20 females,
aged from 60 to 81 years old (median: 66.2+6.4
years old), and their disease duration ranged
from 1 to 8 years (median: 3.8+1.1 years). The
study was approved by the Medical Ethics
Committee of Southwest Medical University,
and written informed consents were obtained
from all the guardians of the patients.

All patients were diagnhosed with PDD accord-
ing with the UK Parkinson's Disease Society
Brain Bank diagnostic criteria for PD [17] and
the diagnostic criteria for dementia from the
Diagnostic and Statistical Manual of Mental
Disorders released by the American Psychia-
tric Association [18]. Their Montreal Cognitive
Assessment (MoCA) [19] scores ranged from
13 to 25. Patients with severe cognitive impair-
ment and/or dyskinesia; or who had brain
surgery previously; or were complicated with
severe liver and/or kidney dysfunction, cerebral
blood circulation disorder, connective tissue
disorder, endocrine and metabolic disorder,
malignant tumor, hematopoietic disorder, auto-
immune disease, heart and/or lung dysfunc-
tion, Alzheimer’s disease, or other neuropsychi-
atric diseases; or whose MoCA score was less
than 10; or who had other psychotropic drug
abuse and/or alcoholism; or who were intoler-
ant to the therapeutic drugs and methods in
this study were excluded.

Treatments

Both groups received conventional symptom-
atic treatment, including administration of neu-
roprotective drugs like aspirin and madopar for
the brain. Group A and B were treated with
donepezil hydrochloride (Chongging Zein Pha-
rmaceutical Co., Ltd., China). The patients were
orally administrated at a dose of 5 mg/d in the
first 4 weeks, and then a dose of 10 mg/d for
the subsequent 12 weeks. Additionally, group B
was given hyperbaric oxygen therapy and func-
tional rehabilitation training every day while
receiving oral administration of donepezil
hydrochloride. The medical hyperbaric oxygen
chamber (Yantai Hongyuan Oxygen Industry
Co., Ltd., China) was pressurized for 25 min,
maintained at a pressure of 20 MPa. The
patients received stable oxygen inhalation for
85 min via mask with a halftime resting for 15
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min, and the chamber was decompressed for
15 min after the halftime resting. The therapy
was performed once a day, 5 days per week.
Both groups received treatments for 8 weeks.

Functional rehabilitation training included exer-
cise training, memory function training, and
attention training. Exercise training focused on
muscle tension, walking gait, language function
and facial movement, and it was carried out
once a day with the assistance of family mem-
bers and nursing staff. As to memory function
training, recitation or first-letter mnemonics
was adopted, and external objects were also
used to assist memory; each training lasted 30
min. In terms to attention training, an assistant
wrote Arabic numerals or English letters in
randomized order on a white paper, then the
patient used a pen to cross out the numerals
or letters designated by the assistant; in order
to raise the difficulty, more rows or groups of
numerals or letters were added on the white
paper; each exercise was limited to 15 min.
The therapeutic effect was evaluated after 3
months of the aforementioned trainings.

Outcome measures

The therapeutic effect of the patients was eval-
uated according to the Unified Parkinson's
Disease Rating Scale (UPDRS) [20]. The scale
involved six items including mentation, behav-
ior, mood, activities of daily living, motor exami-
nation, and complications of therapy. Each item
had 5 grades (0-4 points), with O indicating nor-
mality and 4 the most sever of the symptoms.
The patients that could take care of themselves
with obvious improvement in muscular tension
and motor function were thought to be mark-
edly effective. The patients that could take care
of themselves with the help of others with cer-
tain improvement in muscular tension and
motor function were thought to be effective.
If the clinical symptoms and signs of the
patients were not improved or even aggravated
compared with those before treatment it was
thought to be not effective. (Markedly effective
cases + Effective cases)/Total cases in group *
100% = Effective rate.

Montreal Cognitive Assessment (MoCA) scale
was used to evaluate the cognitive function
before and after treatment, including 8 cogni-
tive dimensions, memory, language, abstract
thinking, visuo-spatial abilities, orientation, ex-
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ecutive functioning, attention, and concentra-
tion, with a total score of 30 points. The higher
the score, the better the cognitive function.
Barthel index [21] was used to evaluate the
self-care ability before and after treatment,
including 10 items, feeding, moving from wheel-
chair to bed/return, personal hygiene, toilet
use, bathing, walking on level surface, ascend/
descend stairs, dressing, control of the bowels,
and controlling bladder, with a total score of
100 points. The higher the score, the stronger
the self-care ability. The 39-item Parkinson’s
Disease Quality of Life scale (PDQ-39) [22] was
used to assess the quality of life before and
after treatment, including 8 dimensions, activi-
ties of daily living, attention & working memory,
cognition, communication, depression, func-
tional mobility, quality of life, social relation-
ships, and social support, with a total score of
100 points. The higher the score, the lower the
quality of life.

Determination of serum IL-13 and IL-6 concen-
trations

Serum interleukin-13 (IL-1B) and interleukin-6
(IL-6) concentrations before and after treat-
ment were determined by enzyme-linked immu-
nosorbent assay (ELISA), and the tests were
carried out according to the instructions of
ELISA kits for IL-13 (Shanghai Guduo Biotech-
nology Co., Ltd., China) and IL-6 (Tecan (Shang-
hai) Trading Co., Ltd., China). The absorbance
(Optical density value) of each well was mea-
sured in sequence at a wavelength of 450 nm
using SpectraMax iD multi-function micro-plate
reader (Molecular Devices (Shanghai) Co., Ltd.)
to determine IL-13 and IL-6 concentrations.

Statistical analysis

The data were analyzed using the SPSS soft-
ware version 21.0 (IBM Corp, Armonk, NY, USA).
Enumeration data were expressed as the num-
ber of cases/percentage (n/%). Between-group
comparison of enumeration data was conduct-
ed by chi-square test. Measurement data were
expressed as mean + standard deviation (X *
sd). Between-group comparison of measure-
ment data was conducted by independent-
samples t-test. Within-group comparison was
conducted using the paired t-test. For all analy-
ses, P<0.05 was considered statistically sig-
nificant.
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Table 1. General data (X + sd)

Group A Group B

(n=6%) (n=6p2) vx P
Sex (male/female) 38/22 42/20 0.262 0.608
Age (year) 65.1+5.8 66.2+6.4 0.994 0.322
Body mass index (kg/m?) 22.69+2.01 22.47+1.96 0.612 0.542
Disease duration (year) 3.7+x1.3 3.8+1.1 0.459 0.647
Education time (year) 10.6+3.9 10.4+3.5 0.298 0.766
Hypertension (yes/no) 5/55 5/57 0.003 0.957
Diabetes mellitus (yes/no) 3/57 2/60 0.244 0.621
Smoking history (yes/no) 30/30 35/27 0.510 0.475
Drinking history (yes/no) 29/31 32/30 0.131 0.717
Place of residence (urban/rural) 41/19 47/15 0.847 0.357
Tremor (yes/no) 16/44 13/49 0.546 0.460
Hallucinations (yes/no) 15/45 17/45 0.092 0.761
Depression (yes/no) 47/13 44/18 0.873 0.350
Falls/gait abnormalities (yes/no) 25/35 29/33 0.322 0.570

groups before treatment
(both P>0.05). After treat-
ment, MoCA score and
Barthel index score in both
groups were significantly
increased (both P<0.05);
compared with group A,
group B presented with
significant higher increas-
es on MoCA score and
Barthel index score (both
P<0.05). See Table 3;
Figure 1.

Comparisons of PDQ-39
score before and after
treatment between the
two groups

There was no significant

Table 2. Comparison of therapeutic effect (n, %)

difference in PDQ-39 score
between the two groups
before treatment (P>0.05).

PDQ-39 scores in both

Marked Effectiven Non-effectiven Effective
effectiveness ectiveness Non-efiectiveness rate groups ?fter tlrea(;[ment Wed'
_ re significantly decrease
G A (n=60) 21(35.00 24 (40.00 15 (25.00 45 (75.00
oup A (n=60) 21 (35.00) (40.00) (25.00) (75.00) 1 oth P<0.001), while the
Group B (n=62) 31 (50.00) 24 (38.71) 7 (11.29) 55 (88.71) decrease of PDQ-39 score
S 3.877 in group B was significantly
P 0.049 lower than that in group A
(P<0.01). See Figure 2.
Results Comparisons of serum IL-13 and IL-6 concen-

General data

There were no significant differences between
the two groups in sex, age, body mass index,
disease duration, education time, hyperten-
sion, diabetes, smoking history, drinking histo-
ry, place of residence, tremor, hallucinations,
depression, falls/gait abnormalities (all P>0.05;
Table 1).

Comparison of therapeutic effect

The effective rate in group A was 75.00%, and
that in group B was 88.71%. The effective rate
of group B was significantly higher than that of
group A (P<0.05; Table 2).

Comparisons of MoCA score and Barthel index
before and after treatment between the two
groups

There were no significant differences in MoCA
score and Barthel index between the two
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trations before and after treatment between
the two groups

There were no significant differences in serum
IL-1B and IL-6 concentrations between the two
groups before treatment (both P>0.05). The
concentrations of serum IL-1f3 and IL-6 in both
groups were significantly reduced (both P<
0.001), and the concentrations of serum IL-13
and IL-6 after treatment in group B were sig-
nificantly lower than those in group A (both
P<0.001). See Table 4; Figure 3.

Discussion

PDD is a common clinical symptom of the elder-
ly, and mainly manifestes as central nervous
system lesions [23]. Most PD initially appears
in a latent mode, and PD patients will suffer
from bradykinesia, resting tremor, hypermyoto-
nia and cognitive dysfunction as with a slow
progression, which can seriously affect quality
of life of the patients [24, 25].
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Table 3. Comparison of MoCA score and Barthel index before and after treatment (X + sd)

MoCA score Barthel index p
Before treatment After treatment Before treatment After treatment
Group A 17.67+4.31 19.43+4.01 2.316 0.022 36.72+6.96 53.59+15.59 7.654 <0.001
GroupB  17.32+3.59 20.82+3.28 5.667 <0.001  36.09+7.23 78.85+18.63 16.850 <0.001
t 0.488 2.099 0.490 8.108
P 0.626 0.038 0.625 <0.001

Note: MoCA: montreal cognitive assessment.

A €ZD Before treatment B
5 After treatment

cholinesterase inhibitors and
can prevent hydrolysis of ace-
tylcholine receptor and in-
crease acetylcholine level in
the synaptic cleft, thus treat-
ing PDD [27]. As to the admin-
istration of donepezil for PDD,
Dubois et al. found that done-

pezil could improve the cogni-
0@" 6@0“ tion, executive function and
global status in PDD, but it
was prone to adverse events
present in mostly moderate

&2 Before treatment
5 After treatment

1504

MoCA score

50+

Barthel index

R
&

Figure 1. Comparison of MoCA score (A) and Barthel index (B) before and
after treatment. Compared with the same group before treatment, "P<0.05,
“*P<0.001; compared with the group A after treatment, *P<0.05. MoCA:

Montreal Cognitive Assessment.

Before treatment

(55 After treatment

80+ :

PDQ-39 score

Figure 2. Comparison of PDQ-39 score before and
after treatment. Compared with the group A after
treatment, ""P<0.01; compared with the same group
before treatment, “"P<0.001. PDQ-39: 39-item Par-
kinson’s Disease Quality of Life scale.

Currently, there is no clear interpretation on the
pathogenesis of PDD. Some scholars hold the
idea that its onset is closely related to the
decrease of dopaminergic neurons and the
damage of ascending cholinergic pathway [26].
Donepezil hydrochloride belongs to specific
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severity [28]. In the study by
Sawada et al., donepezil pro-
vided beneficial effects on
score changes of Parkinson’s Psychiatric Que-
stionnaire, Mini-Mental State Examination, and
Wechsler Memory Scale for PD patients within
2 years, but it had no prophylactic effect on
development of psychosis in PD [29]. Although
donepezil has significant benefits for PDD treat-
ment, the effect of drug therapy alone is not
satisfactory at present [30]. Hyperbaric oxygen
can increase oxygen content in the blood,
enhance oxygen diffusing capacity between the
lungs and the blood, and further improve sys-
temic hypoxia, which has a good clinical effect
on hypoxia and ischemic diseases [31].
Previous studies have shown that functional
rehabilitation training can enhance patients'
neurological activities related to visuo-spatial
abilities, orientation ability, and problem-solv-
ing ability [32]. There have been few studies on
the combined application of donepezil, hyper-
baric oxygen therapy and rehabilitation training
for PDD.

In this study, we found that the combined treat-
ment of donepezil, hyperbaric oxygen therapy
and rehabilitation training has definite clinical
effects on PDD patients, and it can significantly
improve the nervous system function and qual-
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Table 4. Comparison of serum IL-1 and IL-6 concentrations before and after treatment (X + sd)

IL-1B (ng/L)

Before treatment After treatment

IL-6 (Hg/L)

P
Before treatment After treatment

Group A 58.37+5.69
Group B 59.42+5.46
t 1.040 7.000

P 0.300 <0.001

41.2745.39 16.900 <0.001
34.36+£5.51 25.440 <0.001

221.56+32.86 189.56+18.56 6.568 <0.001

227.49+33.68 154.69+20.26  14.580 <0.001
0.984 9.903
0.327 <0.001

Note: IL-1B: interleukin-1B; IL-6: interleukin-6.

A EZ3 Before treatment B
553 After treatment
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< ©
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&3 Before treatment
23 After treatment

lia [36]. IL-6, a key role in the
central nervous system, can
stimulate the differentiation
of astrocytes, primary dorsal
root ganglion neurons and hip-
pocampal neurons, and it may
also present with neurotoxici-
ty related to poor prognosis

on.
O
o}

Figure 3. Comparison of serum IL-1f (A) and IL-6 (B) concentration before
and after treatment. Compared with the same group before treatment,
"*P<0.001; compared with the group A after treatment, *"*P<0.001. IL-1p:

interleukin-1B; IL-6: interleukin-6.

ity of life. Pan et al. found that hyperbaric oxy-
gen combined with madopar has a protective
effect on dopaminergic neurons in substantia
nigra of rats with 6-hydroxydopamine-induced
PD, which can reduce oxidative stress and pro-
tect against Bax/Bcl-2-mediated apoptosis
[33]. Reuter et al. concluded that multimodal
cognitive rehabilitation program including cog-
nitive training and endurance training can pro-
mote the scores of Alzheimer’'s disease Ass-
essment Scale cognitive subscale and of the
Scales for Outcomes in Parkinson’s disease-
Cognition [34]. These findings are similar to our
research. These changes may be account for
the improvement on dysfunctions in balance,
muscle strength, gait and cognitive function
[35]. Under administration of drugs for PDD,
hyperbaric oxygen therapy can protect neurons
and reduce brain injury and appropriate func-
tional rehabilitation training can maximize the
recovery of neurological function, thus improv-
ing clinical efficacy, which may be responsible
to those similar findings.

A study showed that PD patients showed signs
of peripheral and central inflammation, includ-
ing elevated cytokines in serum and cerebro-
spinal fluid, and presence of activated microg-
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of neural development [37].
Blum-Degena et al. found that
IL-1B and IL-6 concentrations
are elevated in cerebrospinal
fluid of patients with sporadic
Alzheimer’'s disease or de
novo PD [38]. Some research-
ers reported that the concen-
trations of serum cytokines including IL-6,
tumor necrosis factor-2 receptor, and soluble
interleukin-2 receptor in PD patients were
increased as compared with the control group
[39]. Therefore, inhibition of serum inflamma-
tory factors may be one of the therapeutic
mechanisms for PDD patients. In this study, our
results indicate that the combination of done-
pezil hydrochloride with application of hyper-
baric oxygen therapy and functional rehabilita-
tion training can improve the inflammatory
response of PDD patients. Hwang et al. found
that donepezil could significantly inhibit the
inflammatory reaction of patients with Alzhe-
imer’s disease, suppressed the production of
nitric oxide and tumor necrosis factor-a in
microglia, and inhibited the gene expression of
inducible nitric oxide synthase, IL-13 and tumor
necrosis factor-a [40]. Matchett et al. reported
that hyperbaric oxygen therapy was helpful to
improvement on brain oxygenation and reduc-
tions in blood-brain barrier damage, inflamma-
tion, cerebral edema, intracranial pressure,
oxidation stress, metabolic disorder, apoptosis
and cell death, as well as promotion of nerve
regeneration [41]. Synergistic effects of the
combined treatment of donepezil, hyperbaric
oxygen therapy and functional rehabilitation
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training may account for the improvement on
PDD. Inhibiting the concentration of inflamma-
tory factors may be one of the therapeutic
mechanisms.

However, there are still some deficiencies in
the study. This study is a prospective non-ran-
domized controlled clinical study. Non-randomi-
zation may produce imbalances in patient char-
acteristics. The risk factors of PDD patients are
not put into observation. Moreover, the specific
regulatory mechanisms of IL-1p3 and IL-6 in PDD
are not thoroughly studied here. These deficien-
cies need to be put into consideration in future
research to further support the results of this
study.

Combined treatment of donepezil, hyperbaric
oxygen and functional rehabilitation training
had certain effectiveness in PDD patients and
can improve the nervous system function and
quality of life of the patients. Inhibition of the
concentration of serum IL-1p and IL-6 may be a
therapeutic mechanism.

Disclosure of conflict of interest
None.

Address correspondence to: Jianwei Zhou, College
of Integrative Chinese and Western Medicine,
Southwest Medical University, No. 1 Section 1,
Xianglin Road, Luzhou 646000, Sichuan Province,
China. Tel: +86-18010680088; E-mail: zhoujianwei-
6yv2@163.com

References

[1] Deng HX, Shi Y, Yang Y, Ahmeti KB, Miller N,
Huang C, Cheng L, Zhai H, Deng S, Nuytemans
K, Corbett NJ, Kim MJ, Deng H, Tang B, Yang Z,
Xu'Y, Chan P, Huang B, Gao XP, Song Z, Liu Z,
Fecto F, Siddique N, Foroud T, Jankovic J, Ghetti
B, Nicholson DA, Krainc D, Melen O, Vance JM,
Pericak-Vance MA, Ma YC, Rajput AH and
Siddique T. Identification of TMEM230 muta-
tions in familial Parkinson’s disease. Nat
Genet 2016; 48: 733-739.

[2] Hirsch L, Jette N, Frolkis A, Steeves T and
Pringsheim T. The incidence of parkinson’s dis-
ease: a systematic review and meta-analysis.
Neuroepidemiology 2016; 46: 292-300.

[3] Langston JW, Schule B, Rees L, Nichols RJ and
Barlow C. Multisystem Lewy body disease and
the other parkinsonian disorders. Nat Genet
2015; 47: 1378-1384.

5873

(4]

(5]

(8]

(9]

(11]

[12]

(13]

(14]

Aarsland D, Creese B, Politis M, Chaudhuri KR,
Ffytche DH, Weintraub D and Ballard C.
Cognitive decline in Parkinson disease. Nat
Rev Neurol 2017; 13: 217-231.

Jellinger KA. Dementia with Lewy bodies and
Parkinson’s disease-dementia: current con-
cepts and controversies. J Neural Transm
(Vienna) 2018; 125: 615-650.

Poewe W, Seppi K, Tanner CM, Halliday GM,
Brundin P, Volkmann J, Schrag AE and Lang AE.
Parkinson disease. Nat Rev Dis Primers 2017;
3.

Lin WC, Chen PC, Huang YC, Tsai NW, Chen HL,
Wang HC, Lin TK, Chou KH, Chen MH, Chen YW
and Lu CH. Dopaminergic therapy modulates
cortical perfusion in parkinson disease with
and without dementia according to arterial
spin labeled perfusion magnetic resonance
imaging. Medicine (Baltimore) 2016; 95:
e2206.

Meguro K, Kasai M, Akanuma K, Meguro M,
Ishii H and Yamaguchi S. Donepezil and life ex-
pectancy in Alzheimer’s disease: a retrospec-
tive analysis in the Tajiri project. BMC Neurol
2014; 14.

Szeto JY and Lewis SJ. Current treatment op-
tions for Alzheimer’s disease and Parkinson’s
disease dementia. Curr Neuropharmacol
2016; 14: 326-338.

Wang HF, Yu JT, Tang SW, Jiang T, Tan CC, Meng
XF, Wang C, Tan MS and Tan L. Efficacy and
safety of cholinesterase inhibitors and me-
mantine in cognitive impairment in Parkinson’s
disease, Parkinson’s disease dementia, and
dementia with Lewy bodies: systematic review
with meta-analysis and trial sequential analy-
sis. J Neurol Neurosurg Psychiatry 2015; 86:
135-143.

Bu G. Clinical observation of combined appli-
cation of oxiracetam and hyperbaric oxygen
clinical curative effect on vascular dementia
patients. Adv Emerg Med 2015; 4: 1-3.
Ferrazzoli D, Carter A, Ustun FS, Palamara G,
Ortelli P, Maestri R, Yucel M and Frazzitta G.
Dopamine replacement therapy, learning and
reward prediction in Parkinson’s disease:
implications for rehabilitation. Front Behav
Neurosci 2016; 10.

Zhang Y, He X, Wu X, Lei M, Wei Z, Zhang X,
Wen L, Xu P, Li S and Qu S. Rapamycin upregu-
lates glutamate transporter and IL-6 expres-
sion in astrocytes in a mouse model of
Parkinson’s disease. Cell Death Dis 2017; 8:
e2611.

Ikeda M, Mori E, Kosaka K, Iseki E, Hashimoto
M, Matsukawa N, Matsuo K and Nakagawa M.
Long-term safety and efficacy of donepezil in
patients with dementia with Lewy bodies: re-
sults from a 52-week, open-label, multicenter

IntJ Clin Exp Med 2020;13(8):5867-5875


mailto:zhoujianwei6yv2@163.com
mailto:zhoujianwei6yv2@163.com

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

5874

Combined therapy on Parkinson’s dementia

extension study. Dement Geriatr Cogn Disord
2013; 36: 229-241.

Diez-Cirarda M, Ibarretxe-Bilbao N, Pena J and
Ojeda N. Neurorehabilitation in Parkinson’s
disease: a critical review of cognitive rehabili-
tation effects on cognition and brain. Neural
Plast 2018; 2018: 2651918.

Log Y, Zeng C and Tang S. Effect of hyperbaric
oxygen combined with drug therapy on cere-
bral blood flow characteristics, nerve injury
and nerve cytokines in the convalescence of
hypertensive cerebral hemorrhage. J Hainan
Med Univ 2017; 23: 124-128.

Postuma RB, Berg D, Stern M, Poewe W, Ola-
now CW, Oertel W, Obeso J, Marek K, Litvan |,
Lang AE, Halliday G, Goetz CG, Gasser T, Du-
bois B, Chan P, Bloem BR, Adler CH and Deus-
chl G. MDS clinical diagnostic criteria for Par-
kinson’s disease. Mov Disord 2015; 30:
1591-1601.

Witoelar A, Jansen IE, Wang Y, Desikan RS,
Gibbs JR, Blauwendraat C, Thompson WK, Her-
nandez DG, Djurovic S, Schork AJ, Bettella F,
Ellinghaus D, Franke A, Lie BA, McEvoy LK,
Karlsen TH, Lesage S, Morris HR, Brice A,
Wood NW, Heutink P, Hardy J, Singleton AB,
Dale AM, Gasser T, Andreassen OA and Shar-
ma M. Genome-wide pleiotropy between par-
kinson disease and autoimmune diseases.
JAMA Neurol 2017; 74: 780-792.

Fengler S, Kessler J, Timmermann L, Zapf A,
Elben S, Wojtecki L, Tucha O and Kalbe E.
Screening for cognitive impairment in Parkin-
son’s disease: improving the diagnostic utility
of the moca through subtest weighting. PLoS
One 2016; 11: e0159318.

Martinez-Martin P, Chaudhuri KR, Rojo-Abuin
JM, Rodriguez-Blazquez C, Alvarez-Sanchez M,
Arakaki T, Bergareche-Yarza A, Chade A, Gar-
retto N, Gershanik O, Kurtis MM, Martinez-Cas-
trillo JC, Mendoza-Rodriguez A, Moore HP, Ro-
driguez-Violante M, Singer C, Tilley BC, Huang
J, Stebbins GT and Goetz CG. Assessing the
non-motor symptoms of Parkinson’s disease:
MDS-UPDRS and NMS scale. Eur J Neurol
2015; 22: 37-43.

Takahashi K, Kamide N, Suzuki M and Fukuda
M. Quality of life in people with Parkinson’s
disease: the relevance of social relationships
and communication. J Phys Ther Sci 2016; 28:
541-546.

Galeoto G, Colalelli F, Massai P, Berardi A, To-
fani M, Pierantozzi M, Servadio A, Fabbrini A
and Fabbrini G. Quality of life in Parkinson’s
disease: Italian validation of the Parkinson’s
disease questionnaire (PDQ-39-IT). Neurol Sci
2018; 39: 1903-1909.

Walker L, Stefanis L and Attems J. Clinical and
neuropathological differences between Parkin-
son’s disease, Parkinson’s disease dementia

(24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

and dementia with Lewy bodies - current is-
sues and future directions. J Neurochem
2019; 150: 467-474.

Aarsland D. Cognitive impairment in Parkin-
son’s disease and dementia with Lewy bodies.
Parkinsonism Relat Disord 2016; 22 Suppl 1:
S144-8.

Sveinbjornsdottir S. The clinical symptoms of
Parkinson’s disease. J Neurochem 2016; 139
Suppl 1: 318-324.

Hepp DH, Vergoossen DL, Huisman E, Lemstra
AW, Berendse HW, Rozemuller AJ, Foncke EM
and van de Berg WD. Distribution and load of
amyloid-beta pathology in Parkinson disease
and dementia with lewy bodies. J Neuropathol
Exp Neurol 2016; 75: 936-945.

Kazui H, Adachi H, Kanemoto H, Yoshiyama K,
Wada T, Tokumasu Nomura K, Tanaka T and
Ikeda M. Effects of donepezil on sleep distur-
bances in patients with dementia with Lewy
bodies: an open-label study with actigraphy.
Psychiatry Res 2017; 251: 312-318.

Dubois B, Tolosa E, Katzenschlager R, Emre M,
Lees AJ, Schumann G, Pourcher E, Gray J,
Thomas G, Swartz J, Hsu T and Moline ML. Do-
nepezil in Parkinson’s disease dementia: a
randomized, double-blind efficacy and safety
study. Mov Disord 2012; 27: 1230-1238.
Sawada H, Oeda T, Kohsaka M, Umemura A,
Tomita S, Park K, Mizoguchi K, Matsuo H,
Hasegawa K, Fujimura H, Sugiyama H, Naka-
mura M, Kikuchi S, Yamamoto K, Fukuda T, Ito
S, Goto M, Kiyohara K and Kawamura T. Early
use of donepezil against psychosis and cogni-
tive decline in Parkinson’s disease: a ran-
domised controlled trial for 2 years. J Neurol
Neurosurg Psychiatry 2018; 89: 1332-1340.
Gu C, Shen T, An H, Yuan C, Zhou J, Ye Q, Liu T,
Wang X and Zhang T. Combined therapy of Di-
Huang-Yi-Zhi with Donepezil in patients with
Parkinson’s disease dementia. Neurosci Lett
2015; 606: 13-17.

Gamdzyk M, Ziembowicz A, Bratek E and Salin-
ska E. Combining hypobaric hypoxia or hyper-
baric oxygen postconditioning with memantine
reduces neuroprotection in 7-day-old rat hy-
poxia-ischemia. Pharmacol Rep 2016; 68:
1076-1083.

Foster ER, Spence D and Toglia J. Feasibility of
a cognitive strategy training intervention for
people with Parkinson’s disease. Disabil Reha-
bil 2018; 40: 1127-1134.

Pan X, Chen C, Huang J, Wei H and Fan Q. Neu-
roprotective effect of combined therapy with
hyperbaric oxygen and madopar on 6-hydroxy-
dopamine-induced Parkinson’s disease in
rats. Neurosci Lett 2015; 600: 220-225.
Reuter |, Mehnert S, Sammer G, Oechsner M
and Engelhardt M. Efficacy of a multimodal
cognitive rehabilitation including psychomotor

Int J Clin Exp Med 2020;13(8):5867-5875



[35]

(36]

[37]

Combined therapy on Parkinson’s dementia

and endurance training in Parkinson’s dis-
ease. J Aging Res 2012; 2012: 235765.
Diez-Cirarda M, Ibarretxe-Bilbao N, Pena J and
Ojeda N. Efficacy of cognitive rehabilitation in
Parkinson’s disease. Neural Regen Res 2018;
13: 226-227.

Liu Z, Guo J, WangY, Li K, Kang J, Wei Y, Sun Q,
Xu Q, Xu C, Yan X and Tang B. Lack of associa-
tion between IL-10 and IL-18 gene promoter
polymorphisms and Parkinson’s disease with
cognitive impairment in a Chinese population.
Sci Rep 2016; 6: 19021.

Lindgvist D, Hall S, Surova Y, Nielsen HM,
Janelidze S, Brundin L and Hansson O. Cere-
brospinal fluid inflammatory markers in Parkin-
son’s disease--associations with depression,
fatigue, and cognitive impairment. Brain Be-
hav Immun 2013; 33: 183-189.

5875

(38]

[39]

[40]

[41]

Blum-Degen D, Muller T, Kuhn W, Gerlach M,
Przuntek H and Riederer P. Interleukin-1 beta
and interleukin-6 are elevated in the cerebro-
spinal fluid of Alzheimer’s and de novo Parkin-
son’s disease patients. Neurosci Lett 1995;
202: 17-20.

Lindqvist D, Kaufman E, Brundin L, Hall S, Sur-
ova Y and Hansson O. Non-motor symptoms in
patients with Parkinson’s disease-correlations
with inflammatory cytokines in serum. PLoS
One 2012; 7: e47387.

Hwang J, Hwang H, Lee HW and Suk K. Microg-
lia signaling as a target of donepezil. Neuro-
pharmacology 2010; 58: 1122-1129.
Matchett GA, Martin RD and Zhang JH.
Hyperbaric oxygen therapy and cerebral isch-
emia: neuroprotective mechanisms. Neurol
Res 2009; 31: 114-121.

IntJ Clin Exp Med 2020;13(8):5867-5875





