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a b s t r a c t

Objectives: This study aimed to evaluate the effects of a 16-week creative expression intervention pro-
gram (CrExp) on the event-related potential (ERP) and task reaction time in older individuals with mild
cognitive impairment (MCI).
Methods: This study is a randomized controlled clinical trial conducted in the Memory Center of Fujian
Provincial hospital. Thirty-six MCI patients were randomly distributed into two groups. One group un-
derwent a 16-week creative expression program (CrExp, n ¼ 18) and the other performed as a control
group (CG, n ¼ 18) by general social activities. The amplitude and latency of ERP-P300 from the central
(Cz), parietal (Pz), frontal (Fz) cortices and task reaction time (RT) were assessed at baseline, post-
interventi on, and 24-week follow-up.
Results: The CrExp group showed greater differences than CG of P300 latency in Cz (F ¼ 4.37, P ¼ 0.015),
Pz (F ¼ 2.78, P ¼ 0.009), Fz (F ¼ 6.45, P ¼ 0.031) brain area after 16 weeks of intervention and in Fz
(F ¼ 3.23, P ¼ 0.028), Cz (F ¼ 3.79, P ¼ 0.024), and Pz (F ¼ 5.60, P ¼ 0.036) at 24 weeks follow-up. Also, we
analyzed the task reaction time between two groups and found that a shorten reaction time at post-
intervention (F ¼ 4.47, P ¼ 0.011) and 24 weeks follow-up (F ¼ 3.12, P ¼ 0.007) in the CrExp group.
However, there was no difference in P300 amplitude in either brain area between the two groups.
Conclusion: The electrophysiological results of the creative expression cognitive therapy group were
more obvious than those of the general cognitive therapy group, and the latency and task reaction time
may be considered as supported parameters in diagnosing the effects during non-drug therapy inter-
vention in clinical practice.
© 2020 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
What is known?

� Cognitive intervention is the most common and effective non-
pharmaceutical therapy in patients with mild cognitive
impairment.

� The event-related potential (ERP) P300 has been used in
detecting the changeable of neuro-electrophysiology during
cognitive processing.
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What is new?

� The task reaction time is shortened following the period of the
creative expression program.

� The P300 latency has been proved as supported parameters
during the specific cognitive therapy program.
1. Introduction

Mild cognitive impairment (MCI) is known as a transitional
phase or stage between normal aging and dementia. It is consid-
ered to be a series of the cognitive problem caused by early pro-
gressive degeneration or deterioration of brain function [1,2]. As
MCI is without symptoms at an early stage of the disease, and, there
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has been no efficient drug up to date, numbers of people suffer from
undiagnosed MCI were delaying effective preventive treatment.
The non-pharmaceutical therapies have proven effective in
improving cognitive, independent functioning, and psychological
health outcomes [3,4]. Nevertheless, only a few MCI patients who
develop Alzheimer’s disease (AD) receive timely administration of
cognitive therapy or intervention.

The benefits of non-pharmaceutical cognitive intervention in
improving cognitive function in old adults with MCI or dementia
have been wildly reported [5e7]. Novel cognitive intervention
programs such as timeslips build upon humanities and art therapy
illustrated the positive effects in the target population [8,9]. The
creative expression therapy (CrExp), which is based on the concepts
of the timeslips program, suggested that the engaging nature of this
group-centered activity may specifically benefit patients emotion-
ally and improve communication skills and memory in older adults
with AD or dementia [10,11]. It mainly involves five steps of func-
tional tasks related to the presentation of a picture, including the
topic of the picture, the background scenery, the development of a
story, the actions of the leading character, and the ending of the
story. The details of this CrExp program have been reported in our
previous publications [12].

The event-related potentials (ERPs) are one of the most useful
tools in detecting the neuroelectrophysiological changes in the
brain during cognitive processing [13,14]. Due to objectivity and
noninvasiveness, it is often used in spectating cerebral electro-
physiological changes involved in specific cognitive functions of
brain areas. The P300 is the most noteworthy cerebral wave re-
flected in the process from receiving stimulus to primary cognitive
information processing. Some studies have found any significant
differences in cognitive performance during a sustained task be-
tween MCI patients and controls [15e17]. Given the positive effects
of non-drug cognitive interventions, it is necessary to explore the
P300 of creative expression cognitive therapies or general cognitive
activities.

This study aimed to characterize the differences in P300 after
conducting the CrExp or general cognitive intervention in MCI
patients. We hypothesized that CrExp participants have prolonged
P300 latency and/or a reduced amplitude, and shorten reaction
time were as expected outcomes after 16 weeks and at 24-week
follow-up.

2. Materials and methods

2.1. Study design

This study is a simple-randomized clinical trial which is con-
ducted in the Memory Center of Fujian Provincial Hospital, China.
The patients were allocated to either the Creative expression pro-
gram (CrExp) or the control group (CG). The study was conducted a
total of 25 sessions over 16 weeks.

2.2. Participants and sample size

36 older adults who met the following inclusion criteria for MCI
were included in the study [18]: 1) memory/cognitive issue re-
ported by the individual themselves or their caregivers within the
past year; 2) clinical reports indicating suspected cognitive dete-
rioration by Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV, 4th Edition); 3) objective cognitive weakening in a single
or higher number of domains as shown by neuropsychological
evaluations (MoCA) [19]; 4) ability to take care of oneself or
perform activities of daily living normally. The exclusion criteria
included: 1) cognitive dysfunction caused by a known factor; 2)
clinical depression or anxiety; 3) medical history of brain lesions,
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psychotropic substance/drug abuse, medical reports indicating
comorbidities linked with deterioration in cognitive function; 4)
administered medications that may affect cognitive function.

2.3. Instruments

The NDI-092 evoked potentiometer was used to record and
analyze various indicators of brainstem auditory ERP-P300 of the
subjects. Each participant was seated in a comfortable chair and
was performed in a sound-attenuated room with a warm light.
According to the 10/20 international system, the electrode was
continuously recorded at the central (Cz), parietal (Pz), frontal (Fz)
cortices sites. The auditory oddball paradigm consisted of a series of
standard tones (500 Hz) and deviant tones (2,000 Hz) binaurally
through a headset. The sound level for each tone was 85 dB, with a
duration of 100 ms and inter-stimulus-interval (ISI) of on average
1,600 ms. The deviant tones made up 20% of the presentations and
the test lasted approximately 10 min. All the participants were
instructed to press the button as accurately and quickly as possible
when they heard the deviant sounds. The participants performed
the pre-test first to make sure they have understood the task. The
P300 latency (mV) and amplitude (ms) are significant factors used
for analyzing ERP results. Also, the reaction time (ms) was defined
as the length between hearing the deviant tone and pressing the
button accurately.

2.4. Procedure of data collection

Data were collected over 24 weeks. After admission to the
memory center, all participants have signed informed consent and
ensured his eligibility for the entire study. The demographic data
and MoCA score were collected as part of the baseline information
for 30 min personally interviewed before the intervention section
in the consulting room. The research was approved by the ethical
committee of the hospital andwas registered in the Chinese Clinical
Trials Registry (Trial registration number: ChiCTR-ONN-16007776).

The CrExp program involved creative storytelling activities
facilitated by a group of professional therapists. Each session lasted
for 1 h and included: a warm-up interaction game (5e10 min),
drawing period (10 min), core storytelling activity (30 min), dis-
cussion (5e10 min), conclusion (5 min).

The CG performed standard social activities facilitated by a
group of social workers, nursing specialists, and physicians. Each
session included 10 min of body-relaxing exercises, followed by
30 min of core cognitive strategy items（including an activity, a
game, or a course), which required that certain tasks be completed.
More process information can be found in our previous publication
[12].

2.5. Data analysis

The STATA 12.0 (StataCorp, College Station, TX) software was
used for statistical calculations. Fisher’s exact test, an independent
sample t-test, or a Chi-square test were appropriately used to
compare group demographic differences as well as all quantitative
data metrics. Repeated measures of ANOVA were used to evaluate
the intervention effects over time from baseline to 16 weeks, and
from baseline to 24 weeks follow-up. The between-group differ-
ences at post-intervention and 24 weeks follow-up, were per-
formed by ANCOVA with baseline age, education, and MoCA score
as covariates. Bonferroni analyses were evaluated when significant
between-group differences were revealed. Missing data were
replaced for an average value from the individual’s available data
(from baseline session to follow-up session). All the results were
considered to be significant at P < 0.05.



J. Zhao, H. Li, R. Lin et al. International Journal of Nursing Sciences 8 (2021) 38e42
2.6. Ethical consideration

All of the participants continued with their routine medical care
or out-patient follow-up. The study protocol was conducted ac-
cording to the Helsinki Declaration and was approved by the ethics
committee of Fujian Provincial Hospital (No. K2016-003-01).
3. Results

3.1. Demographic and neuropsychological assessment

Table 1 showed that there were not significant statistical dif-
ferences in demographics (ranging from P ¼ 0.290 to P ¼ 0.986) or
neuropsychological test outcome (MoCA score, P ¼ 0.193) between
the CrExp (21.93 ± 2.12) and CG group (21.67 ± 2.36) before the
study initiated. A total of 36 participants (18 MCI patients were
examined in each group) comprised the sample. Within 16 weeks,
25 sessions were carried out at the same time for both groups.
3.2. The event-related potential outcome

Table 2 shows the results of P300 latency and amplitude be-
tween the CG and CrExp. After 16 weeks of intervention, the CrExp
group showed greater differences than CG in latency on Cz
(F ¼ 4.37, P ¼ 0.015), and Pz (F ¼ 2.78, P ¼ 0.009). When education
and MoCA scores were entered as covariates, there was also a sig-
nificant difference between groups in latency on Fz (F ¼ 6.45,
P ¼ 0.031). Moreover, at 24 weeks follow-up, significant group
differences remained in latency Fz (F ¼ 3.23, P ¼ 0.028), Cz
(F ¼ 3.79, P ¼ 0.024), and Pz (F ¼ 5.60, P ¼ 0.036). There were no
obvious differences in amplitude at post-intervention and at 24
weeks follow-up. Meanwhile, the results of repeated measures
ANOVA showed significant differences in the CrExp group in la-
tency Fz (F¼ 3.13, P¼ 0.039), Cz (F¼ 5.11, P < 0.01) and Pz (F¼ 6.78,
P < 0.001) at post-intervention and in latency Fz (F ¼ 2.33,
Table 1
Baseline demographic and neuropsychological evaluation of participants.

Characteristics CrExp
(n ¼ 18)

CG (n ¼ 18) c2 P

n % n %

Age (years)
60e70 8 44.5 7 38.9 2.13 0.584
71e80 8 44.5 9 50
>80 2 11.1 2 11.1

Gender
Male 8 44.5 10 55.6 2.57 0.290
Female 10 55.5 8 44.4

Education level
Primary 1 5.5 2 11.1 e 0.473*
Secondary 13 72.3 12 66.7
Tertiary 4 22.2 4 22.2

Social status
Living with family 15 83.3 14 77.8 e0.12 0.834
Alone 3 16.7 4 22.2

Exercise per day (min)
<30 6 33.3 5 27.8 e 0.972*
30e60 10 55.6 12 66.7
>60 2 11.2 1 5.5

Ambulatory level
Unaided 17 94.5 18 100 e 0.986*
With stick 1 5.5 0 0

Medical History
Hypertension 8 44.5 7 38.9 e0.43 0.637
Diabetes 12 66.7 13 72.3
Dyslipidemia 4 22.2 3 16.7

Note: * Fisher exact test.CrExp ¼ intervention group. CG ¼ control group.
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P ¼ 0.041), Cz (F ¼ 2.41, P ¼ 0.047), Pz (F ¼ 2.19, P ¼ 0.049) at 24
weeks follow-up. Contrarily, there were no significant differences
in all indexes in CG.

3.3. Task reaction time outcome

There was no significant group difference in the baseline reac-
tion time between CG (601.42 ± 33.23) and CrExp (589.17 ± 38.16,
P ¼ 0.372). During the creative expression program, repeated
measures analysis (interaction effect group x time) revealed a sig-
nificant decrease at post-intervention (F ¼ 4.47, P ¼ 0.011) and 24
weeks follow-up (F¼ 3.12, P¼ 0.007) compared to the CG. After the
intervention, the average reaction time of the CG group was
594.51 ± 33.90 ms, whereas that of the CrExp group was found to
be 454.67 ± 33.88 ms, and the intragroup analysis showed that the
CrExp group decreased reaction time (F ¼ 16.36, P ¼ 0.001). Simi-
larly, at 24 weeks follow-up, the mean reaction time of the CG
group was 597.45 ± 39.06 ms, whereas the CrExp group was found
to be 465.67 ± 37.89 ms, and the intragroup analysis showed that
the CrExp group decreased reaction time (F ¼ 5.23, P ¼ 0.029).
(Fig. 1).

4. Discussion

The present study revealed that creative expression participants
had significantly decrease latency and higher reaction time than
controls on the ERP test. The poorer P300 performance exhibited by
the control group may be associated with cognitive intervention.

Our findings showed that the difference in latency between
CrExp and CG at post-intervention. This supports the view of non-
pharmaceutical therapy in MCI as a consequence of the cognitive
improvement, or an influencing factor. There are two principal
electrophysiological markers of P300: latency and amplitude,
which have been considered as objective parameters of cognitive
processing [20]. Using the P300 may detect the response of specific
cognitive activities in several areas involving the temporal, frontal,
parietal lobes, and hippocampus of brain areas. These areas are
related to the encoding and processing of memory, as well as even
the language and executive of expressive activities reprocessing.
Furthermore, the difference in latency result between the two
groups remained even after the 24 weeks follow-up period. This
may indicate that, within a given time frame, creative expression
cognitive activity has a sustained effect on the effects of brain
cognitive remodeling, helping to monitor the treatment progres-
sion and development of patients with MCI.

In our study, the ERP reaction timewas found to be shortened in
the CrExp group after post-intervention. This support is consistent
with our expectations. In terms of the reaction time of P300, task-
familiar participants processed all stimuli faster than task-
unfamiliar participants [21]. The reaction time of behavioral is
key information for concealing the probe stimuli [22] when the
cortical activity is required and its reaction time is largely deter-
mined by the amount and strength of intervention [23]. For the
electrophysiology profile, the symptom of cognitive deficiency
becomesmore andmore obvious with the increase of reaction time.
According to the result mentioned facts, it could be suggested that
CrExp have a shorten P300 reaction time, which represents a
reduced cognitive processing period. Some studies have shown that
RT-related activity reflects task-specific processes that are
periodically-engaged, particularly during less demanding tasks
[24,25]. Furthermore, the effect was still found to exist in reaction
time at the 24-week follow-up. This further indicates that the
CrExp program might trigger the persistent effects of an in-
dividual’s endogenous cognitive neurobiological response and
promotes the self-compensation of cognitive damage.



Table 2
Results of P300 latency and amplitude between control group and creative expression group (Mean ± SD).

ERP P300 Group Baseline (Week 0) Post-intervention (Week 16) Follow-up (Week 24) Postintervention（Week 16） Follow-up（Week 24）

CG (n ¼ 18)
CrExp (n ¼ 18)

GroupD Time# GroupD Time#

F P F P F P F P

Latency (ms)
Fz CrExp 398.87 ± 26.05 368.57 ± 21.25 363.71 ± 23.04 6.45 0.031* 3.13 0.039* 3.23 0.028* 2.23 0.041*

CG 394.41 ± 17.55 386.48 ± 23.87 388.57 ± 24.53 2.29 0.057 0.67 0.350
Cz CrExp 408.80 ± 37.97 367.57 ± 34.18 380.90 ± 26.58 4.37 0.015** 5.11 <0.001** 3.79 0.024* 2.41 0.047*

CG 407.11 ± 37.76 402.85 ± 34.01 414.15 ± 24.02 4.63 0.431 －1.10 0.772
Pz CrExp 386.17 ± 21.33 359.80 ± 25.79 360.93 ± 23.25 2.78 0.009* 6.78 <0.001** 5.60 0.036* 2.19 0.049*

CG 387.06 ± 20.32 373.36 ± 24.40 376.45 ± 24.33 1.98 0.363 1.76 0.438
Amplitude (mV)
Fz CrExp 6.79 ± 1.25 7.05 (4.82,10.65) ^ 7.10 (4.10,9.76) ^ 0.51 0.087 �0.45 0.640 1.06 0.917 －1.14 0.630

CG 6.51 ± 1.28 6.97 ± 2.30 6.20 ± 2.52 �1.57 0.437 0.96 0.817
Cz CrExp 5.41 ± 1.03 5.78 (3.19,8.62) ^ 5.57 (2.76,9.13) ^ 0.18 0.391 �1.22 0.571 0.05 0.520 －0.68 0.528

CG 5.70 ± 1.08 6.01 ± 2.38 5.98 ± 2.53 �1.24 0.508 －1.06 0.677
Pz CrExp 6.92 ± 1.14 7.18 (4.61,10.75) ^ 7.13 (3.62,11.41) ^ 0.57 0.104 �0.23 0.850 0.31 0.136 －1.21 0.523

CG 7.14 ± 1.77 6.96 ± 2.40 7.03 ± 3.17 0.77 0.913 －0.15 0.906

Note: ^ Median (P25, P75); #ANOVA; DANCOVA; *P < 0.05; **P < 0.01. ERP ¼ event-related potential. CrExp ¼ intervention group. CG ¼ control group.

Fig. 1. Event-related potential P300 reaction time changes (interaction level group x
time). Lines represent decreased reaction time at pre-intervention, post-intervention
and 24 weeks follow-up for CG and CrExp group. CrExp¼ intervention group.
CG¼control group.
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However, the present study revealed that CrExp had no signif-
icant differences amplitude than CG after intervention or follow-
up. Meta-analysis has reported that the P300 amplitude of MCI
patients was lower than that of the healthy CG and even lower for
the AD population [26]. The divergence among our studies and
others might be due to the selection of target populations, also
maybe because both groups received different levels of cognitive
intervention. Most of the studies were reported the amplitude
comparison between MCI/AD and normal healthy [27], or young
and elderly individuals [28]. Thus, we deem that the amplitude
varieties in existing non-drug cognitive intervention may not
correspond to a clinically relevant cognitive deterioration or
improvement to some degree. This would be further explored in
our future researches.

The benefits of implementing the CrExp program among MCI
patients is demonstrated in this study, however, there exist various
shortcomings. First, the small sample size of the MCI patients
employed in this study, may attenuate the statistical analyses,
predominantly affecting the nonsignificant findings. Also, partici-
pants of both experimental groups comprised mixed categories,
including amnestic MCI patients and a smaller proportion of non-
amnestic individuals. Future studies in this field should
41
emphasize the certification of the effect of the CrExp program
involving a larger homogenous sample size. Furthermore, recruit-
ment of convenient samples was another shortcoming of this study.
The MCI patients were employed from a geriatric hospital and thus
were aware of their memory failure as compared to individuals
who might not seek medical advice.
5. Conclusion

In summary, the study results have demonstrated that the CrExp
program shows improvement in P300 latency and reaction time,
which may be considered as a support parameter in the diagnosis
of effects on non-drug therapy intervention in clinical practice.
Funding

This research was supported by the Youth research project of
Fujian Provincial Health Commission (No. 2018-1-75), Joint Fund of
Fujian Province Scientific and Technological Department (No.
2018Y9102), Soft Science Project of Fujian Science and Technology
Department (No. 2019R0055), National Science Foundation of
China (No. 81571379).
CRediT authorship contribution statement

Junyu Zhao: Conceptualization, Writing - original draft, Meth-
odology, Funding acquisition. Hong Li: Supervision, Project
administration, Funding acquisition. Rong Lin: Investigation, Data
curation. Minzhi Xie: Visualization, Investigation, Software. Yinz-
hou Wang: Resources, Validation. Huiying Chen: Resources,
Validation.
Declaration of competing interest

No conflicts of interest are reported in this work.
Acknowledgment

We thank the institution that took part in this study and all the
staff who provided the facilities for conducting the program.We are
especially indebted to the MCI individuals who completed the
intervention and follow-up.



J. Zhao, H. Li, R. Lin et al. International Journal of Nursing Sciences 8 (2021) 38e42
Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.ijnss.2020.12.005.

References

[1] Xue J, Li J, Liang J, Chen S. The prevalence of mild cognitive impairment in
China: a systematic review. Aging Dis 2018;9(4):706e15. https://doi.org/
10.14336/AD.2017.0928. http://www.aginganddisease.org/EN/10.14336/AD.
2017.0928.

[2] Yatawara C, Hiu S, Tan L, Kandiah N. Neuropsychiatric symptoms in South-
East Asian patients with mild cognitive impairment and dementia: preva-
lence, subtypes, and risk factors. Int J Geriatr Psychiatry 2018;33(1):122e30.
https://doi.org/10.1002/gps.4693. Epub 2017/02/27.

[3] Law CK, Lam FM, Chung RC, Pang MY. Physical exercise attenuates cognitive
decline and reduces behavioural problems in people with mild cognitive
impairment and dementia: a systematic review. J Physiother 2020;66(1):
9e18. https://doi.org/10.1016/j.jphys.2019.11.014. Epub 2019/12/13.

[4] Bishnoi A, Hernandez ME. Dual task walking costs in older adults with mild
cognitive impairment: a systematic review and meta-analysis. Aging Ment
Health 2020:1e12. https://doi.org/10.1080/13607863.2020.1802576. Epub
2020/08/06.

[5] Bisbe M, Fuente-Vidal A, L�opez E, Moreno M, Naya M, de Benetti C, et al.
Comparative cognitive effects of choreographed exercise and multimodal
physical therapy in older adults with amnestic mild cognitive impairment:
randomized clinical trial. J Alzheimers Dis 2020;73(2):769e83. https://
doi.org/10.3233/JAD-190552.

[6] Goyal N, Lee Y, Luna G, Aruin AS. Individual and combined effects of a
cognitive task, light finger touch, and vision on standing balance in older
adults with mild cognitive impairment. Aging Clin Exp Res 2020;32(5):
797e807. https://doi.org/10.1007/s40520-019-01262-y. Epub 2019/07/10.

[7] Zhao X, Wang LN, Ge CX, Liu XS, Chen M, Zhang C. Effect of process-based
multi-task cognitive training program on executive function in older adults
with mild cognitive impairment: study rationale and protocol design for a
randomized controlled trial. Front Psychiatry 2020;11:655. https://doi.org/
10.3389/fpsyt.2020.00655. Epub 2020/07/23.

[8] Houser WS, George DR, Chinchilli VM. Impact of TimeSlips creative expression
program on behavioral symptoms and psychotropic medication use in per-
sons with dementia in long-term care: a cluster-randomized pilot study. Am J
Geriatr Psychiatry 2014;22(4):337e40. https://doi.org/10.1016/
j.jagp.2012.12.005. Epub 2013/04/18.

[9] George DR, Houser WS. “I’m a storyteller!”: exploring the benefits of Time-
Slips creative expression program at a nursing home. Am J Alzheimers Dis
Other Demen 2014;29(8):678e84. https://doi.org/10.1177/
1533317514539725. Epub 2014/06/19.

[10] Vigliotti AA, Chinchilli VM, George DR. Enhancing quality of life and caregiver
interactions for persons with dementia using TimeSlips group storytelling: a
6-month longitudinal study. Am J Geriatr Psychiatry 2018;26(4):507e8.
https://doi.org/10.1016/j.jagp.2017.10.001. Epub 2017/10/09.

[11] Vigliotti AA, Chinchilli VM, George DR. Evaluating the benefits of the Time-
Slips creative storytelling program for persons with varying degrees of de-
mentia severity. Am J Alzheimers Dis Other Demen 2019;34(3):163e70.
https://doi.org/10.1177/1533317518802427. Epub 2018/10/07.

[12] Zhao JY, Li H, Lin R, Wei Y, Yang AP. Effects of creative expression therapy for
older adults with mild cognitive impairment at risk of Alzheimer’s disease: a
randomized controlled clinical trial. Clin Interv Aging 2018;13:1313e20.
https://doi.org/10.2147/CIA.S161861. Epub 2018/07/24.

[13] Waninger S, Berka C, Meghdadi A, Karic MS, Stevens K, Aguero C, et al. Event-
related potentials during sustained attention and memory tasks: utility as
biomarkers for mild cognitive impairment. Alzheimers Dement (Amst)
2018;10:452e60. https://doi.org/10.1016/j.dadm.2018.05.007. Epub 2018/07/
42
02.
[14] Xiao Y, Wu JT, Li JX, Tang WC, Ma F, Sun CH, et al. The neuro patterns prior to

error responses in long-lasting working memory task: an event-related po-
tential study. Front Behav Neurosci 2019;13:277. https://doi.org/10.3389/
fnbeh.2019.00277. Epub 2019/12/18.

[15] Xiao Y, Wu JT, Tang WC, Sun CH, Ma F, Guo LL. Cognition impairment prior to
errors of working memory based on event-related potential. Front Behav
Neurosci 2019;13:13. https://doi.org/10.3389/fnbeh.2019.00013. Epub 2019/
02/12.

[16] Jiang SX, Qu CD, Wang FJ, Liu YP, Qiao ZX, Qiu XH, et al. Using event-related
potential P300 as an electrophysiological marker for differential diagnosis and
to predict the progression of mild cognitive impairment: a meta-analysis.
Neurol Sci 2015;36(7):1105e12. https://doi.org/10.1007/s10072-015-2099-z.
Epub 2015/02/08.

[17] Morrison C, Rabipour S, Knoefel F, Sheppard C, Taler V. Auditory event-related
potentials in mild cognitive impairment and Alzheimer’s disease. Curr Alz-
heimer Res 2018;15(8):702e15. https://doi.org/10.2174/
1567205015666180123123209.

[18] Jia JP, Wang YH, Zhang CD. Chinese guidelines for diagnosis and management
of cognitive impairment and dementia (I): dementia diagnostic procedures.
Zhonghua Yi Xue Za Zhi 2011;91(9):577e81. http://rs.yiigle.com/
CN112137201109/122482.htm.

[19] Huang L, Chen KL, Lin BY, Tang L, Zhao QH, Lv YR, et al. Chinese version of
Montreal Cognitive Assessment Basic for discrimination among different se-
verities of Alzheimer’s disease. Neuropsychiatr Dis Treat 2018;14:2133e40.
https://doi.org/10.2147/ndt.s174293.

[20] Hedges D, Janis R, Mickelson S, Keith C, Bennett D, Brown BL. P300 amplitude
in Alzheimer’s disease: a meta-analysis and meta-regression. Clin EEG Neu-
rosci 2016;47(1):48e55. https://doi.org/10.1177/1550059414550567. Epub
2014/09/23.

[21] Olson J, Rosenfeld JP, Perrault E. Deleterious effects of probe-related versus
irrelevant targets on the “CIT effect” in the P300- and RT-based three-stimulus
protocol for detection of concealed information. Psychophysiology
2019;56(12):e13459. https://doi.org/10.1111/psyp.13459. Epub 2019/08/19.

[22] Olson J, Rosenfeld JP, Kim T, Perrault E. The effect of countermeasures against
the reaction time based concealed information test on the P300 index of
knowledge recognition: a combined RT and P300-based test. Int J Psycho-
physiol 2018;134:9e14. https://doi.org/10.1016/j.ijpsycho.2018.10.003. Epub
2018/10/07.

[23] Pedroso RV, Cancela JM, Ay�an C, Stein AM, Fuzaro G, Costa JLR, et al. Effects of
physical exercise on the P300 of elderly with Alzheimer’s disease. J Phys Act
Health 2018;15(6):403e10. https://doi.org/10.1123/jpah.2017-0179. Epub
2018/03/15.

[24] Barber AD, Pekar JJ, Mostofsky SH. Reaction time-related activity reflecting
periodic, task-specific cognitive control. Behav Brain Res 2016;296:100e8.
https://doi.org/10.1016/j.bbr.2015.08.020. Epub 2015/08/28.

[25] Barber AD, Caffo BS, Pekar JJ, Mostofsky SH. Decoupling of reaction time-
related default mode network activity with cognitive demand. Brain Imag-
ing Behav 2017;11(3):666e76. https://doi.org/10.1007/s11682-016-9543-4.

[26] Gu LH, Zhang ZJ. Exploring potential electrophysiological biomarkers in mild
cognitive impairment: a systematic review and meta-analysis of event-related
potential studies. J Alzheimers Dis 2017;58(4):1283e92. https://doi.org/
10.3233/JAD-161286.

[27] Paitel ER, Samii MR, Nielson KA. A systematic review of cognitive event-
related potentials in mild cognitive impairment and Alzheimer’s disease.
Behav Brain Res 2021;396:112904. https://doi.org/10.1016/
j.bbr.2020.112904.

[28] Velusami D, Sivasubramanian S. Sympathovagal imbalance and neurophysi-
ologic cognitive assessment using evoked potentials in polycystic ovary syn-
drome in young adolescents - a cross-sectional study. J Basic Clin Physiol
Pharmacol 2018;30(2):233e7. https://doi.org/10.1515/jbcpp-2018-0081.
Epub 2018/10/17.

https://doi.org/10.1016/j.ijnss.2020.12.005
https://doi.org/10.14336/AD.2017.0928
https://doi.org/10.14336/AD.2017.0928
http://www.aginganddisease.org/EN/10.14336/AD.2017.0928
http://www.aginganddisease.org/EN/10.14336/AD.2017.0928
https://doi.org/10.1002/gps.4693. Epub 2017/02/27
https://doi.org/10.1016/j.jphys.2019.11.014. Epub 2019/12/13
https://doi.org/10.1080/13607863.2020.1802576. Epub 2020/08/06
https://doi.org/10.1080/13607863.2020.1802576. Epub 2020/08/06
https://doi.org/10.3233/JAD-190552
https://doi.org/10.3233/JAD-190552
https://doi.org/10.1007/s40520-019-01262-y. Epub 2019/07/10
https://doi.org/10.3389/fpsyt.2020.00655. Epub 2020/07/23
https://doi.org/10.3389/fpsyt.2020.00655. Epub 2020/07/23
https://doi.org/10.1016/j.jagp.2012.12.005. Epub 2013/04/18
https://doi.org/10.1016/j.jagp.2012.12.005. Epub 2013/04/18
https://doi.org/10.1177/1533317514539725. Epub 2014/06/19
https://doi.org/10.1177/1533317514539725. Epub 2014/06/19
https://doi.org/10.1016/j.jagp.2017.10.001. Epub 2017/10/09
https://doi.org/10.1177/1533317518802427. Epub 2018/10/07
https://doi.org/10.2147/CIA.S161861. Epub 2018/07/24
https://doi.org/10.1016/j.dadm.2018.05.007. Epub 2018/07/02
https://doi.org/10.1016/j.dadm.2018.05.007. Epub 2018/07/02
https://doi.org/10.3389/fnbeh.2019.00277. Epub 2019/12/18
https://doi.org/10.3389/fnbeh.2019.00277. Epub 2019/12/18
https://doi.org/10.3389/fnbeh.2019.00013. Epub 2019/02/12
https://doi.org/10.3389/fnbeh.2019.00013. Epub 2019/02/12
https://doi.org/10.1007/s10072-015-2099-z. Epub 2015/02/08
https://doi.org/10.1007/s10072-015-2099-z. Epub 2015/02/08
https://doi.org/10.2174/1567205015666180123123209
https://doi.org/10.2174/1567205015666180123123209
http://rs.yiigle.com/CN112137201109/122482.htm
http://rs.yiigle.com/CN112137201109/122482.htm
https://doi.org/10.2147/ndt.s174293
https://doi.org/10.1177/1550059414550567. Epub 2014/09/23
https://doi.org/10.1177/1550059414550567. Epub 2014/09/23
https://doi.org/10.1111/psyp.13459. Epub 2019/08/19
https://doi.org/10.1016/j.ijpsycho.2018.10.003. Epub 2018/10/07
https://doi.org/10.1016/j.ijpsycho.2018.10.003. Epub 2018/10/07
https://doi.org/10.1123/jpah.2017-0179. Epub 2018/03/15
https://doi.org/10.1123/jpah.2017-0179. Epub 2018/03/15
https://doi.org/10.1016/j.bbr.2015.08.020. Epub 2015/08/28
https://doi.org/10.1007/s11682-016-9543-4
https://doi.org/10.3233/JAD-161286
https://doi.org/10.3233/JAD-161286
https://doi.org/10.1016/j.bbr.2020.112904
https://doi.org/10.1016/j.bbr.2020.112904
https://doi.org/10.1515/jbcpp-2018-0081. Epub 2018/10/17
https://doi.org/10.1515/jbcpp-2018-0081. Epub 2018/10/17

	Effects of creative expression program on the event-related potential and task reaction time of elderly with mild cognitive ...
	What is known?
	What is new?
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Participants and sample size
	2.3. Instruments
	2.4. Procedure of data collection
	2.5. Data analysis
	2.6. Ethical consideration

	3. Results
	3.1. Demographic and neuropsychological assessment
	3.2. The event-related potential outcome
	3.3. Task reaction time outcome

	4. Discussion
	5. Conclusion
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgment
	Appendix A. Supplementary data
	References


