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Abstract: Subjective cognitive decline is a symptom that may appear in the early stages of Alzheimer’s
disease. This study examined the effects of smartphone-based calendar training and walking exercise
regimen on postmenopausal women experiencing subjective cognitive decline. Experimental group 1
participated in both calendar training and walking exercise, group 2 participated in calendar training
only, and the control group did not receive either intervention. Forty-two participants completed a
cognitive function test and questionnaire upon entering the study and 12 weeks later. The controlled
oral word association score increased in experimental groups 1 and 2 and decreased in the control
group. Memory contentment increased in experimental group 1, maintained in experimental group
2, and decreased in the control group. Smartphone-based calendar training and a walking exercise
regimen improved executive function and memory contentment in everyday life, but the effects
on depressive symptoms and self-esteem were not significant. Our findings demonstrate that
smartphone-based calendar training and walking exercise improved cognitive function and have
potential as nonpharmacologic interventions to strengthen cognitive function in women experiencing
subjective cognitive decline.

Keywords: subjective cognitive decline; smartphone; calendar training; walking exercise; depression;
self-esteem; nonpharmacologic intervention

1. Introduction

Subjective cognitive decline (SCD) is defined as the recognition a self-reported de-
creased in cognitive function even when the individual’s objective cognitive function
test results are normal, and is considered the earliest preclinical indicator of Alzheimer’s
disease (AD) [1]. SCD may be associated with medical conditions, such as diabetes and
hypertension, and emotional problems, such as depression [2], and was associated with
frailty in the elderly [3]. Cognitive function in people with SCD is normal, but amyloidosis
and neurodegeneration, which are biomarkers of AD, can be observed in the cerebral
spinal fluid and magnetic resonance imaging tests [4]. In a previous longitudinal study;,
the incidence of mild cognitive impairment was 4.9% in elderly individuals without SCD
and 18.9% in elderly individuals with SCD, indicating that SCD predicts cognitive impair-
ment [5]. Since SCD can be the earliest preclinical indicator of Alzheimer’s disease, efforts
to maintain brain health are needed from the early stages of SCD.

In the United States, 11.2% of adults over the age of 45 have SCD [6]. In China, 14.4—
18.8% of individuals aged 60-80 experience SCD, and women (17.4%) were more likely to
experience SCD than men (10.5%) [7]. The prevalence of Alzheimer’s disease in Europe
was also higher in women (7.2%) than in men (3.4%) [8]. Armeni et al. [9]. reported that
middle-aged women with low levels of endogenous sex hormones had lower scores on
memory tests. Decreases in estradiol can lead to decreases in synaptic density, affecting
the sending and receiving of signals to and from cranial nerve cells, ultimately leading
to declines in female cognitive function [10]. Since women experiencing menopause may
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have increased depression and decreased cognitive function [11], interventions to prevent
cognitive decline and reduce depression in menopausal women are needed.

SCD is closely associated with depression [12,13]. Although SCD can be experienced
in the preclinical AD stage, it is also associated with psychological states such as depression
and anxiety [14]. In people with high levels of depression, neurological changes such as
amyloid burden as found in AD are observed [12]. Cognitive decline is correlated with
depressive symptoms, and the more the subject felt that they were experiencing cognitive
decline, the more sever their depressive symptoms were [15]. In addition, since cognitive
impairment is associated with the deterioration of positive psychology constructs such as
self-esteem, interventions to evaluate and reinforce self-esteem are needed [16].

In a meta-analysis, nonpharmacologic interventions that increase cognitive and physi-
cal activity in subjects with SCD were effective for improving cognitive function, depressive
symptoms, and quality of life [17]. Cognitive interventions for people with mild cognitive
impairment include compensatory cognitive training, which applies various strategies to
reduce functional compromise in daily life, and lifestyle intervention, which improves
habits such as regular physical exercise, and healthy nutrition [18].

Compensatory cognitive training can help individuals remember tasks and activities
in their daily lives through the use of exeternal memory aids such as alarms, timers,
and calendars. Compensatory calendar training, a memory support intervention for
individuals with mild cognitive impairment, improves daily life functions and quality of
life [19]. Exercise has been shown to be effective as a lifestyle intervention for improving
cognitive functions such as memory and executive function [20]. There are mechanisms
that explain the effects of exercise on cognitive function [21-24]. Exercise increases cerebral
blood flow and oxygenation to the brain tissue [21]. The brain-derived neurotrophic
factor (BDNF) is crucial for brain plasticity and regulation of memory function [22]. Acute
exercise increases BDNF concentrations in the peripheral blood of healthy adults [23].
Walking exercise increased the size of the hippocampus and improved memory in the
elderly [24]. In addition, walking exercise reduced self-reported cognitive failure and
improved subjective cognitive function in breast cancer patients [25]. These findings
indicate that the application of nonpharmacologic interventions such as compensatory
calendar training and walking-based exercise regimens can improve cognitive function
and help maintain daily life functions.

Recently, the effects of virtual reality and web-based intervention studies have been
evaluated for improving cognitive function [26,27]. Web-based intervention was effective
for improving global and subjective cognition by increasing cognitive and physical activity
through computer or smartphone applications [27]. Smartphone-based memory training
that presented tasks of attention, memory and working memory improved memory and
executive function among older adults with normal cognition or subjective cognitive
decline [28,29]. Physical activity intervention using smartphone applications were effective
in increasing physical activity [30,31]. The daily step count significantly increased in
those who performed walking exercises in conjunction with the smartphone application
compared to those who did not [32]. In Korea, the penetration rate of smartphones across all
age groups is 87.2% [33], and since smartphones can be used by individuals at convenient
times and in comfortable settings, smartphone-based interventions can be effective for
cognitive improvement.

Individuals with SCD represent important targets of intervention. For individuals
who have preclinical AD, prevention-intervention could slow the rate of incipient decline,
thus prolonging and preserving cognitive and functional abilities [2]. The hypothesis of
this study was that compensatory cognitive training could improve cognitive function,
reduce depression, and increase self-esteem in women with SCD, and that the effect would
be greater if accompanied by walking exercise. Thus, the purpose of this study was to
identify the effects of smartphone-based compensatory cognitive training and physical
activity in menopausal women experiencing SCD.
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2. Materials and Methods
2.1. Study Design

We employed a quasi-experimental, non-equivalent control group, non-synchronized
design in this study. Experimental group 1 participated in both calendar training and
exercise, group 2 participated in calendar training only, and the control group did not
receive either intervention. We asked the participants to complete cognitive function tests
and questionnaires upon entering the study and 12 weeks later to assess their cognitive
function, depressive symptoms, and self-esteem. This study was conducted with approval
from the Institutional Review Board (ewha-201907-0008-02) at Ewha Womans University,
Seoul.

2.2. Participants

Participants were recruited from five churches and one welfare center for the elderly
in metropolitan areas. The inclusion criteria were: (a) menopausal women over 50 years of
age, (b) a Mini Mental State Examination-2 [34] score above 26 points indicating normal
cognitive function, and (c) a Subjective Cognitive Questionnaire [35] score above 7 points
indicating self-perceived cognitive decline. Individuals who were diagnosed with depres-
sion or participating in regular exercise (825 MET-minute/weeks) over the prior month
were excluded.

The sample size was calculated using the G*Power 3.1.9.2 program based on a sig-
nificance level of p < 0.05, power of 0.8, and effect size of 0.5, following Smart et al. [17].
We applied repeated measurements of multivariate analysis of variance (MANOVA) for
analysis, and the appropriate sample size was determined to be 42. Each experimental
group therefore required at least 14 participants. We recruited 18 participants for each
group to compensate for possible dropouts.

A total of 127 participants were recruited, and among them, 75 participants were ex-
cluded due to SCD-Q scores lower than 7 points (60 participants) and refusal to participate
(15 participants). Participants recruited from August to October 2019 were assigned to
experimental group 1, those recruited from November to December 2019 were assigned to
experimental group 2, and those recruited from January to February 2020 were assigned to
the control group. It was confirmed that participants in experimental group 2 and control
group did not engage in regular walking exercise during the intervention study period. In
the final analysis, 5 participants from experimental group 1, 1 from experimental group
2, and 4 from the control group were excluded. The reasons for dropout are shown in
Figure 1. In conclusion, 42 participants were analyzed.

2.3. Interventions

A calendar application was used to improve memory regarding daily life appoint-
ments and tasks. A health application was used to manage the walking-based exercise
regimen. This intervention was designed to enable individual participation at each subject’s
leisure. The intervention period was 12 weeks. Up to 4 weeks after the commencement of
the intervention, orientation, application usage training, and confirmation of adherence
were conducted through face-to-face meetings; text messages were sent once per week to
encourage implementation during weeks 5 to 7 and weeks 9 to 11 without face-to-meetings
with the researcher. At 8 weeks and 12 weeks, a researcher met with participants to confirm
their adherence to the intervention.

2.3.1. Calendar Training

Calendar training consisted of the following three sections: (1) appointments, (2) items
to be completed, and (3) journaling [36]. In the appointment section, participants recorded
tasks that needed to be performed at specific times. In the items to be completed section,
participants created a to-do list without indicating when the items were to be completed.
In the journaling section, participants wrote about important events that happened to them
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that day. We used the One Day calendar application (Yuna Soft, Inc, Daejeon, Korea) to
implement calendar training and distributed the application free of charge.

Assessed for eligibility
(n=127)

Excluded (n=75)

- Less than 7 in SCD-Q
(n=60)

- Refusal to participate
(n=15)

Enrolled (n=52)

v

v

Allocated to

Allocated to

Allocated to

Experimental Groupl Experimental Group2 Control Group
(n=23) (n=13) (n=16)

Lost to follow-up (n=5)

- Withdraw by travel (n=1)

- Starting exercise (n=1)

- Insufficient adherence
0=3)

Lost to follow-up (n=1)

- Withdraw by
unknown reason

Lost to follow-up (n=4)

-Refusal of post- test

v

v

v

Final analysis (n=18)

Final analysis (n=12)

Final analysis (n=12)

Figure 1. Flow chart of participants.

2.3.2. Walking Exercise

The walking exercise intervention was self-managed. The daily target number of
walking steps were determined by the participants themselves within the recommended
6000-8500 steps range [37] for adults aged 50 or older without chronic diseases. For partici-
pants with chronic diseases, the target numbers of steps were based on the recommended
standard of 5000 steps for heart failure patients [38]. Walking exercise was recommended
for at least 60 min a day at moderate intensity. The health application we used to set
daily target steps was produced by S Electronics and provided free of charge. The health
application automatically sends feedback regarding the achievement of daily step targets
through smartphone notifications, and the degree of achievement and number of steps are
automatically recorded and saved.

2.4. Data Collection and Outcome measures

Prior to the commencement of intervention, we obtained consent for participation
in the study and administered questionnaires to assess memory contentment, depressive
symptoms, and self-esteem. Trained research assistants administered the Seoul Neuropsy-
chological Battery-Core (SNSB-C) [39] individually in quiet settings to assess cognitive
function.

2.4.1. Cognitive Function

Cognitive function was measured by the attention, memory, and executive function
test items on SNSB-C. Attention was assessed using the Digit Span Test-Forward (DST-F)
and Digit Span Test-Backward (DST-B). The possible score ranges of DST-F and DST-B are
0-9 and 0-8, respectively. Higher scores indicate better attention.

Memory was assessed with the Seoul Verbal Learning Test-Elderly version (SVLI-E).
The SVLT-E consists of immediate recall, delayed recall, and recognition. In this study,
memory was evaluated using immediate and delayed recall tests. The score ranges from
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0-36 points for immediate recall and 0-12 points for delayed recall, with higher scores
indicating better language memory.

Executive function was assessed with the Korean-Color Word Stroop Test-60 Seconds
(K-CWST-60) and Controlled Oral Word Association Test (COWAT). The scores range from
0-112 points for K-CWST-60, with higher scores indicating better executive function. The
COWAT consists of category fluency and word fluency. Each score ranges from 0-30 and
the combined score range is 0—60, with higher scores indicating better executive function.

Memory contentment was measured using the Multifactorial Memory Questionnaire-
Contentment (MMQ-C) [40]. The MMQ-C contains 18 items addressing a variety of
perceptions that participants may have about their current memory ability. Each item is
scored on a five-point Likert scale with scoring as follows: 0 (strongly disagree); 1 (disagree);
2 (undecided); 3 (agree); and 4 (strongly agree). Total scores range from 0-72, with higher
scores indicating great contentment. Cronbach’s alpha in this study was 0.91.

2.4.2. Depressive Symptoms

Depressive symptoms were measured using the Geriatric Depression Scale (GDS) [41].
In this study, we used a Korean version of GDS [42]. The GDS contains 30 items concerning
feelings or thoughts over the prior week. Each item response is either yes or no and the
possible score ranges from 0 to 30 with a cut-off point of 18. Cronbach’s alpha in this study
was 0.87.

2.4.3. Self-Esteem

Self-esteem was measured with the Rosenberg’s Self-Esteem Scale (SES). This tool con-
tains 10 items and is scored on a five-point Likert scale: 1 (strongly disagree); 2 (disagree); 3
(undecided); 4 (agree); 5 (strongly agree). Total scores range from 10-50, with higher scores
indicating higher self-esteem. Cronbach’s alpha in this study was 0.79.

2.4.4. Adherence

Adherence to calendar training was assessed by selecting a two-day period during
the previous week during face-to-face meeting. Compliance was defined as a score of 7 or
more points. Criteria from Greenway et al. [36] were modified for use in the smartphone
application as follows:

1. 2 points if an appointment, to-do item, or journaling was completed more than 2 days
per week;

2. 2 points if there was a record of the appointment;

2 points if there was at least one recorded to-do item;

4. 4 points if there was a record in the journaling area.

@

Adherence to the walking exercise intervention was assessed to confirm that the
walking exercise was carried out at least five times per week with at least 5000 steps a day.

In Experimental Group 1, 3 participants with insufficient walking exercise and calen-
dar writing dropped out, and in Experimental Group 2, 1 participant withdrew from the
study.

2.5. Data Analysis

Statistical analyses were conducted using SPSS version 26.0. Descriptive statistics,
including the mean, standard deviation (SD), frequency, and percentage, were calculated for
participant characteristics and main variables. Fisher’s exact test and ANOVA were used
to identify differences in characteristics between groups. We performed 2-way repeated
measure MANOVA, which set the group and time as independent variables to examine
the significance of group, time, and interaction effects on changes in outcome variables.
Box’s M test was performed to confirm whether the covariance matrix of outcome variables
between groups was homogeneous, and we confirmed that the covariance matrix was
not homogeneous. When the sample size is small and the covariance matrix identity is
violated, it is necessary to use more stringent statistics [43]. Therefore the significance of
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the model was determined using Pillai’s T, which is the most stringent standard among the
verification statistics for MANOVA.

3. Results
3.1. Participant Characteristics

The participants’ age ranged from 51 to 75 years, with a mean age of 60 years. Years
of education ranged from 9 to 20 years. Demographic characteristics of the participants in
each group are shown in Table 1. There were no significant differences in age (F = 0.305,
p = 0.739), years of education (F = 0.172, p = 0.843), marital status (XZ = 8.458, p = 0.089),
cohabiting family (x? = 9.553, p = 0.237), occupational status (x> = 2.716, p = 0.284), or
hobby (x?= 1.512, p = 0.539) between groups.

Table 1. Demographic characteristics of participants (N = 42).

Experimental Experimental Control
Group 1 Group 2 Group >
(n=18) (n=12) (n=12) X°/F b
n (%) orM + SD
Age (years) 60.89 + 6.62 59.42 + 5.16 59.33 + 6.54 0.305 0.739
Education years 12.94 £ 3.06 13.58 £2.94 13.33 £ 2.96 0.172 0.843
Marital single 3(16.7) 0 0 8.458 0.089
arita married 10 (55.6) 12 (100.0) 10 (83.3)
At divorced/ 5(27.7) 0 2(167)
widowed ' '
spouse 3(16.7) 4 (33.3) 3(25.0) 9.553 0.237
Cohabiting children 3(16.7) 0 1(8.3)
family spouse &
children 7 (38.9) 8 (66.7) 6 (50.0)
living
alone 5(27.7) 0 2 (16.7)
. Yes 14 (77.8) 7 (58.3) 6 (50.0)
Occupation No 4(22.2) 5(417) 6 (50.0) 2.716 0.284
Hobbies Yes 8 (44.4) 8 (66.7) 7 (58.3) 1512 0.539
(reading, puzzles, etc.) No 10 (55.6) 4 (33.3) 5(41.7) ’ )

3.2. Cognitive Function, Depressive Symptoms, and Self-Esteem among Groups at Baseline

The differences in mean score between the groups for cognitive function, depressive
symptoms, and self-esteem between groups were analyzed. None of the variables, except
the digit span test-backward (DST-B) and controlled oral word association (COWAT),
significantly differed between groups. DST-B was significantly different between groups
(F =4.925, p = 0.019) and experimental group 1 showed a significantly lower mean value
than experimental group 2 after post hoc analyses. COWAT scores were also significantly
different between groups (F = 3.541, p = 0.039) with lower scores in experimental group 1.
The mean score and differences in outcome variables are presented in Table 2.

3.3. Effects of Intervention on Cognitive Function, Depressive Symptoms, and Self-Esteem

The interaction effects of group and time were confirmed with MANOVA and were
significant (Pillai’s T = 0.677, p = 0.042). The changes in scores of cognitive function,
depressive symptoms, and self-esteem for each group are presented in Table 3. The
interaction effects of group and time showed that the significant variables were COWAT
(F =4.869, p = 0.013) and memory contentment (F = 4.789, p = 0.014) which means that the
effectiveness varied between groups over time. The COWAT scores showed a tendency
to increase in experimental groups 1 and 2 and to decrease in the control group after 12
weeks. Memory contentment showed a tendency to increase in experimental group 1, to
remain steady in experimental group 2, and to decrease in the control group after 12 weeks.
Significant interaction effects were confirmed through a Plot diagram (Figure 2).
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Table 2. Cognitive function, depressive symptoms, and self-esteem at baseline (N = 42).

Experimental Experimental Control
Groupl Group2 Group F p
(n=18) n=12) (n=12)
M £ SD
Attention
DST-F 6.56 +1.20 7.67 £ 1.07 6.75 £ 1.60 2.812 0.072
DST-B 411 +0.96 5.75 4+ 4.60 4.58 +1.83 4.925 0.019*
Memory Immediate 23.11 +3.76 24.00 +5.26 2325+ 536 0.138 0.871
Recall
Delayed 8.56 + 1.85 8.17 +2.25 8.83 +2.76 0.266 0.768
Recall
Executive K-CWST-60 50.22 & 8.04 56.42 £ 7.22 56.00 & 10.42 2515 0.094
function
COWAT 23.50 + 7.20 30.75 £ 7.70 29.50 + 9.56 3.541 0.039 *
Memory 37.83 +7.45 38.75 + 11.33 4125 +7.98 0.547 0.583
contentment
Depressive 10.50 + 4.93 13.50 + 6.68 10.33 + 5.07 1.328 0.277
symptoms
Self-esteem 33.44 + 5.48 35.42 + 5.45 33.83 +3.74 0.578 0.566
*p < 0.05.
Table 3. Effects of intervention on cognitive function, depressive symptoms, and self-esteem (N = 42).
Experimental Experimental Control
Group 1 Group 2 Group F F F
(n=18) (n=12) n=12) (Time) (Group) (Time * Group)
Pre Post Pre Post Pre Post
Attention DST-F 6.56 4+ 1.20 6.72 +1.27 7.67 £1.07 7.58 + 1.44 6.75 + 1.60 7.42 4+ 1.38 1.298 2773 0.906
DST-B 411+ 0.96 472 £ 1.60 5.75 = 4.60 6.25 +1.14 4.58 +1.83 517 +1.34 3.400 8.464 ** 0.012
Memory Im{{nee;:lilate 2311 +£3.76 26.94 + 3.40 24.00 £5.26 28.75 + 4.81 23.25 4+ 5.36 26.67 +£3.92 36.858 *** 0.557 0.322
Delayed Recall 8.56 + 1.85 9.67 + 1.50 8.17 +£2.25 10.33 +2.19 8.83 +2.76 10.42 +1.83 24.632 *** 0.314 0.932
Executive K-CWST-60 50.22 + 8.04 56.89 + 11.12 56.42 +7.22 65.08 + 13.62 56.00 + 10.42 57.75 + 9.86 18.824 *** 2174 2214
function COWAT 23.50 + 7.20 26.17 £7.23 30.75 £ 7.70 36.17 £ 5.00 29.50 + 9.56 27.67 + 6.87 5.296 * 5.854 ** 4.869 *
colr\:[tzrr:‘:)znt 37.83 +£7.45 42.33 + 8.56 38.75 +£11.33 38.67 £+ 10.53 41.25 +7.98 36.25 +9.89 022 0.140 4.789 *
?;{E’\r;fj:r‘:: 10.50 + 4.93 7.89 +5.17 13.50 + 6.68 1217 £7.27 10.33 + 5.07 11.58 + 557 1192 1.849 1.969
Self-esteem 33.44 £548 35.28 £5.63 3542 £545 34.58 £+ 4.60 33.83 £3.74 34.33 +£4.89 0.545 0.126 1.393
*p < 0.05,* p < 0.01, ** p < 0.001.
~—— Experimental Groupl
£ ~— — — Experimental Group2
- “ awenm Control Group
36 e P
33 ="
,,,, 40
30 -
N e — 38
24 / % -
21
34
18
32

Figure 2. Interaction effects in cognitive function.

4. Discussion

Baseline

Controlled Oral Word Association Test

12weeks

Baseline

Memory Contentment

12weeks

In this study, we evaluated the effects of smartphone-based calendar training and a
walking exercise intervention on cognitive function, depressive symptoms, and self-esteem
in women with SCD. After the intervention, the COWAT score was used for confirming
executive function. The COWAT score increased in experimental groups 1 and 2 but
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decreased in the control group, and the interaction effect was significant. In a previous
study of memory improvement training strategies for elderly individuals living in the
community, there were significant improvements in COWAT scores [44]. In this study,
for compensatory cognitive training, participants were asked to record appointments or
to-do lists on a calendar application and write a simple diary. Thus, the COWAT score,
which represents verbal fluency, should have improved. However, in a previous study that
applied memory support intervention using a calendar among subjects with mild cognitive
impairment, objective cognitive functional improvements such as increased verbal fluency
were not observed [19,36]. This indicates that applying cognitive interventions during the
SCD stage before objective cognitive impairment occurs is more effective for improving
cognitive function.

After intervention, memory contentment increased in experimental group 1 and was
maintained in experimental group 2, but decreased in the control group. Gokal et al. [25]
reported that walking exercise improved subjective evaluations of cognitive function in
breast cancer patients receiving chemotherapy. This is consistent with the results of this
study, and we concluded that walking exercises improve memory satisfaction.

Walking exercise prescribed to elderly subjects for 6 months increased the size of
the hippocampus, which is related to memory [24]. Moderate-intensity aerobic exercise
improved cognitive function in adults over 50 [45]. These findings suggest that aerobic
exercise, such as walking, helps to prevent degenerative changes in the brain, thus improv-
ing memory related to daily life. In terms of effects related to cognitive function, executive
function and memory satisfaction were improved in experimental group 1, which received
both calendar training and walking interventions. Therefore, we confirmed that applying
both cognitive and physical activity interventions is especially effective for improving
cognitive function [46].

Depressive symptoms were significantly reduced in experimental group 1, which
received both smartphone-based calendar training and walking interventions, but the inter-
action effects with time and group were not significant. Cognitive decline is closely related
to depressive symptoms, and the level of depressive symptoms increases as cognitive func-
tion decreases [15]. Participants in this study were not objectively found to have declines
in cognitive function, and did not have high levels of depressive symptoms in pretests,
therefore the interaction effect might not be significant. However, in experimental group
1, which performed walking exercise, the level of depressive symptoms was significantly
lowered. Therefore, walking regimens are thought to prevent and manage depressive
symptoms among those with reduced cognitive function.

In this study, we confirmed the effect of smartphone-based calendar training and walk-
ing exercise on self-esteem. Self-esteem significantly increased in experimental group 1,
where calendar training and walking exercise were prescribed together, but the interaction
effect was not significant. In a study that applied self-managed walking exercise inter-
ventions in breast cancer patients who received chemotherapy, self-esteem significantly
increased after intervention [47]. In this study, as in Gokal et al. [47], self-esteem should
have improved, as the participants set their own step targets and applied the walking
exercise intervention at their leisure, at comfortable times and places. The interaction
effect might not be significant in this study because the participants were capable of go-
ing about their daily lives unassisted and their self-esteem was not severely degraded.
Cognitive dysfunction is associated with declines in positive psychology constructs such
as self-esteem [16]. Therefore, it is necessary to maintain a positive psychological state
and prevent cognitive dysfunction through the reinforcement of cognitive and physical
activities from middle to old age, when cognitive decline begins to occur.

The subjects of previous studies of cognitive interventions mostly exhibited objective
cognitive impairment and were elderly. Most of these studies applied cognitive inter-
ventions to participants living in facilities. However, in this study, smartphone-based
interventions were individually applied among participants who experienced SCD and
lived in the community. Based on the results of this study, nurses could recommend
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smartphone-based calendar training and walking-based exercise regimens to individuals
with subjective cognitive decline or mild cognitive impairment. In this study, the interven-
tion effect was confirmed in experimental group 1, in which calendar training and exercise
were applied together, and in experimental group 2, in which only memory support was
administered. We suggest that to improve cognitive function of women with SCD, both
cognitive and physical activities should be recommended.

In this study, we used a convenience sample drawn from specific religious institutions
and elderly welfare institutions located in the metropolitan area of Seoul, so there are
limitations in generalizing our findings. It was difficult to recruit all participants at once,
and therefore each group was sequentially recruited. The limitations of this study were
that the nutritional status and body composition, which could affect the participants’
cognitive function, were not considered, and a group that utilized only exercise was not
assigned. Because the number of participants in this study was small, the study results
should be interpreted with caution. In the future, repeated studies with a larger number
of participants will be needed. The intervention applied in this study had an effect on
cognitive function improvement, but not depressive symptoms or self-esteem. Therefore, it
is necessary to confirm the effects of these interventions on psychological states in future
studies.

5. Conclusions

SCD may appear in the early stages of Alzheimer’s disease and develop into cognitive
dysfunction, so preventive intervention is required. In this study, convenient smartphone-
based interventions were applied among middle-aged and elderly women living in the
community and were found to improve executive function and memory contentment in
everyday life. Smartphone-based interventions have the advantages of allowing individual
participation without restraints on time or location and improving patient adherence to
the intervention. Smartphone-based calendar training and walking interventions could be
applied to strengthen the cognitive function of women experiencing SCD.

Author Contributions: O.K. and Y.P. designed the study, analyzed and interpreted data, and drafted
the manuscript. Both authors agreed on the final version. Both authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: We received approval from our university’s Institutional
Review Board in Seoul, South Korea. Before data collection, we explained the study purpose and
interventions to all participants, who were informed that they could withdraw from the study and
that confidentiality was guaranteed.

Informed Consent Statement: Informed consent was obtained from all participants involved in the
study.

Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank all of the participants who took part in this
study. We would also like to thank Ji Sun Lee, research assistant, for her assistance with data
collection.

Conflicts of Interest: The authors declare no conflict of interest.

1. Jessen, F; Amariglio, R.E.; Buckley, R.E; van der Flier, W.M.; Han, Y.; Molinuevo, ].L.; Rabin, L.; Rentz, D.M.; Rodriguez-Gomez,
O.; Saykin, A.].; et al. The characterisation of subjective cognitive decline. Lancet. Neurol. 2020, 19, 271-278. [CrossRef]

2. Rabin, L.A.; Smart, C.M.; Amariglio, R.E. Subjective cognitive decline in preclinical alzheimer’s disease. Annu. Rev. Clin. Psychol.
2017, 13, 369-396. [CrossRef]

3.  Hsieh, TJ.; Chang, H.Y.; Wu, L.C,; Chen, C.C.; Tsai, H.].; Chiu, Y.F,; Chuang, S.C.; Hsiung, C.A.; Hsu, C.C. Independent association
between subjective cognitive decline and frailty in the elderly. PLoS ONE 2018, 13, e0201351. [CrossRef]


http://doi.org/10.1016/S1474-4422(19)30368-0
http://doi.org/10.1146/annurev-clinpsy-032816-045136
http://doi.org/10.1371/journal.pone.0201351

Brain Sci. 2021, 11, 1029 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Jessen, F.; Amariglio, R.E.; van Boxtel, M.; Breteler, M.; Ceccaldi, M.; Chetelat, G.; Dubos, B.; Dufouil, C.; Ellis, K.A.; van der Flier,
W.M.; et al. A conceptual framework for research on subjective cognitive decline in preclinical Alzheimer’s disease. Alzheimers
Dement. 2014, 10, 844-852. [CrossRef] [PubMed]

Fernandez-Blazqueza, M.A.; A’vila-Villanueva, M.; Maestu’, F.; Medina, M. Specific features of subjective cognitive decline
predict faster conversion to mild cognitive impairment. J. Alzheimers Dis. 2016, 52, 271-281. [CrossRef] [PubMed]

Taylor, C.A.; Bouldin, E.D.; McGuire, L.C. Subjective cognitive decline among adults aged >45 Years-United States, 2015-2016.
Morb. Mortal Wkly Rep. 2018, 67, 753-757. [CrossRef]

Hao, L.; Wang, X.; Zhang, L.; Xing, Y.; Guo, Q.; Hu, X.; Mu, B.; Chen, Y.; Chen, G.; Cao, |.; et al. Prevalence, risk factors, and
complaints screening tool exploration of subjective cognitive decline in a large cohort of the Chinese population. J. Alzheimers Dis.
2017, 60, 371-388. [CrossRef] [PubMed]

Niu, H.; Alvarez-Alvarez, L; Guillén-Grima, E; Aguinaga-Ontoso, I. Prevalence and incidence of Alzheimer’s disease in Europe:
A meta-analysis. Neurologia 2017, 32, 523-532. [CrossRef] [PubMed]

Armeni, E.; Apostolakis, M.; Christidi, F.; Rizos, D.; Kaparos, G.; Panoulis, K.; Augoulea, A.; Alexandrou, A.; Karopoulou, E.;
Zalonis, L; et al. Endogenous sex hormones and memory performance in middle-aged Greek women with subjective memory
complaints. Neurol. Sci. 2018, 39, 259-266. [CrossRef]

Russell, ].K.; Jones, C.K.; Newhouse, P.A. The role of estrogen in brain and cognitive aging. Neurotherapeutics 2019, 16, 649—-665.
[CrossRef]

Augoulea, A.; Moros, M.; Lykeridou, A.; Kaparos, G.; Lyberi, R.; Panoulis, K. Psychosomatic and vasomotor symptom changes
during transition to menopause. Menopause Rev. 2019, 18, 110-115. [CrossRef]

Donovan, N.J.; Locascio, J.J.; Marshall, G.A.; Gatchel, J.; Hanseeuw, B.].; Rentz, D.M.; Johnson, K.A.; Sperling, R.A. Harvard
Aging Brain Study. Longitudinal association of amyloid beta and anxious-depressive symptoms in cognitively normal older
adults. Am. ]. Psychiatry 2018, 175, 530-537. [CrossRef] [PubMed]

Gatchel, J.R.; Rabin, J.S.; Buckley, R.F; Locascio, ].J.; Quiroz, Y.T.; Yang, H.S.; Vannini, P.; Amariglio, R.E.; Rentz, D.M.; Properzi,
M.; et al. Longitudinal association of depression symptoms with cognition and cortical amyloid among community-dwelling
older adults. JAMA Netw. Open 2019, 2, €198964. [CrossRef] [PubMed]

Slot, R.E.R.; Verfaillie, S.C.].; Overbeek, ].M.; Timmers, T.; Wesselman, L.M.P,; Teunissen, C.E.; Dols, A.; Bouwman, EH.; Prins,
N.D.; Barkhof, E; et al. Subjective Cognitive Impairment Cohort (SCIENCe): Study design and first results. Alzheimers Res. Ther.
2018, 10, 76. [CrossRef]

Zlatar, Z.Z.; Muniz, M.; Galasko, D.; Salmon, D.P. Subjective cognitive decline correlates with depression symptoms and not with
concurrent objective cognition in a clinic-based sample of older adults. J. Gerontol. B Psychol. Sci. Soc. Sci. 2018, 73, 1198-1202.
[CrossRef]

Santos, S.B.; Rocha, G.P; Fernandez, L.L.; De Padua, A.C.; Reppold, C.T. Association of lower spiritual well-being, social support,
self-esteem, subjective well-being, optimism and hope scores with mild cognitive impairment and mild dementia. Front. Psychol.
2018, 9, 371. [CrossRef] [PubMed]

Smart, C.M.; Karr, J.E.; Areshenkoff, C.N.; Rabin, L.A.; Hudon, C.; Gates, N.; Ali, J.I.; Arenaza-Urquijo, E.M.; Buckley, R.E;
Chetelat, G.; et al. Non-pharmacologic interventions for older adults with subjective cognitive decline: Systematic review,
meta-Analysis, and preliminary recommendations. Neuropsychol. Rev. 2017, 27, 245-257. [CrossRef]

Huckans, M.; Hutson, L.; Twamley, E.; Jak, A.; Storzbach, D. Efficacy of cognitive rehabilitation therapies for mild cognitive
impairment (MCI) in older adults: Working toward a theoretical model and evidence-based interventions. Neuropsychol. Rev.
2013, 23, 63-80. [CrossRef] [PubMed]

Chandler, M.].; Locke, D.; Duncan, N.L.; Hanna, S.M.; Cuc, A.V,; Fields, ].A.; Hoffman Snyder, C.R.; Lunde, A.M.; Smith, G.E.
Computer versus compensatory calendar training in individuals with mild cognitive impairment: Functional impact in a pilot
study. Brain Sci. 2017, 7, 112. [CrossRef]

Falck, R.S.; Davis, ].C.; Best, ].R.; Crockett, R.A.; Liu-Ambrose, T. Impact of exercise training on physical and cognitive function
among older adults: A systematic review and meta-analysis. Neurobiol. Aging 2019, 79, 119-130. [CrossRef]

Thomas, B.P.; Tarumi, T.; Sheng, M.; Tseng, B.; Womack, K.B.; Cullum, C.M.; Rypma, B.; Zhang, R.; Lu, H. Brain perfusion change
in patients with mild cognitive impairment after 12 months of aerobic exercise training. |. Alzheimers Dis. 2020, 75, 617-631.
[CrossRef] [PubMed]

Loprinzi, P.D.; Frith, E. A brief primer on the mediational role of BDNF in the exercise-memory link. Clin. Physiol. Funct. Imaging
2019, 39, 9-14. [CrossRef] [PubMed]

Dinoff, A.; Herrmann, N.; Swardfager, W.; Lanctot, K. The effect of acute exercise on blood concentrations of brain-derived
neurotrophic factor in healthy adults: A meta-analysis. Eur. J. Neurosci. 2017, 46, 1635-1646. [CrossRef]

Erickson, K.I.; Voss, M.W.; Prakash, R.S.; Basak, C.; Szabo, A.; Chaddock, L.; Kim, J.S.; Heo, S.; Alves, H.; White, S.M.; et al.
Exercise training increases size of hippocampus and improves memory. Proc. Natl. Acad. Sci. USA 2011, 108, 3017-3022.
[CrossRef] [PubMed]

Gokal, K.; Munir, F; Ahmed, S.; Kancherla, K.; Wallis, D. Does walking protect against decline in cognitive functioning among
breast cancer patients undergoing chemotherapy? results from a small randomised controlled trial. PLoS ONE 2018, 13. [CrossRef]
Kim, O.; Pang, Y.; Kim, J.H. The effectiveness of virtual reality for people with mild cognitive impairment or dementia: A
meta-analysis. BMC Psychiatry 2019, 19, 219. [CrossRef]


http://doi.org/10.1016/j.jalz.2014.01.001
http://www.ncbi.nlm.nih.gov/pubmed/24798886
http://doi.org/10.3233/JAD-150956
http://www.ncbi.nlm.nih.gov/pubmed/27060949
http://doi.org/10.15585/mmwr.mm6727a1
http://doi.org/10.3233/JAD-170347
http://www.ncbi.nlm.nih.gov/pubmed/28869471
http://doi.org/10.1016/j.nrl.2016.02.016
http://www.ncbi.nlm.nih.gov/pubmed/27130306
http://doi.org/10.1007/s10072-017-3165-5
http://doi.org/10.1007/s13311-019-00766-9
http://doi.org/10.5114/pm.2019.86835
http://doi.org/10.1176/appi.ajp.2017.17040442
http://www.ncbi.nlm.nih.gov/pubmed/29325447
http://doi.org/10.1001/jamanetworkopen.2019.8964
http://www.ncbi.nlm.nih.gov/pubmed/31397865
http://doi.org/10.1186/s13195-018-0390-y
http://doi.org/10.1093/geronb/gbw207
http://doi.org/10.3389/fpsyg.2018.00371
http://www.ncbi.nlm.nih.gov/pubmed/29666594
http://doi.org/10.1007/s11065-017-9342-8
http://doi.org/10.1007/s11065-013-9230-9
http://www.ncbi.nlm.nih.gov/pubmed/23471631
http://doi.org/10.3390/brainsci7090112
http://doi.org/10.1016/j.neurobiolaging.2019.03.007
http://doi.org/10.3233/JAD-190977
http://www.ncbi.nlm.nih.gov/pubmed/32310162
http://doi.org/10.1111/cpf.12522
http://www.ncbi.nlm.nih.gov/pubmed/29719116
http://doi.org/10.1111/ejn.13603
http://doi.org/10.1073/pnas.1015950108
http://www.ncbi.nlm.nih.gov/pubmed/21282661
http://doi.org/10.1371/journal.pone.0206874
http://doi.org/10.1186/s12888-019-2180-x

Brain Sci. 2021, 11, 1029 11 of 11

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Wesselman, L.M.; Hooghiemstra, A.M.; Schoonmade, L.J.; de Wit, M.C.; van der Flier, W.M.; Sikkes, S.A. Web-based multidomain
lifestyle programs for brain health: Comprehensive overview and meta-analysis. J]MIR Ment. Health 2019, 6, €12104. [CrossRef]
Oh, S].; Seo, S.; Lee, ].H.; Song, M.].; Shin, M.S. Effects of smartphone-based memory training for older adults with subjective
memory complaints: A randomized controlled trial. Aging Ment. Health 2018, 22, 526-534. [CrossRef] [PubMed]

Shellington, E.M.; Felfeli, T.; Shigematsu, R.; Gill, D.P; Petrella, R.J. HealtheBrain: An innovative smartphone application to
improve cognitive function in older adults. mHealth 2017, 3, 17. [CrossRef]

Korinek, E.V; Phatak, S.S.; Martin, C.A.; Freigoun, M.T.; Rivera, D.E.; Adams, M. A ; Klasnja, P.; Buman, M.P; Hekler, E.B.
Adaptive step goals and rewards: A longitudinal growth model of daily steps for a smartphone-based walking intervention. J.
Behav. Med. 2018, 41, 74-86. [CrossRef] [PubMed]

Gal, R.; May, A.M.; van Overmeeren, E.J.; Simons, M.; Monninkhof, E.M. The effect of physical activity interventions compris ing
wearables and smartphone applications on physical activity: A systematic review and meta-analysis. Sports Med. Open 2018, 4, 42.
[CrossRef]

Glynn, L.G.; Hayes, PS; Casey, M.; Glynn, E,; Alvarez-Iglesias, A.; Newell, ].; OLaighin, G.; Heaney, D.; O’'Donnell, M.; Murphy,
A.W. Effectiveness of a smartphone application to promote physical activity in primary care: The SMART MOVE randomised
controlled trial. Br. J. Gen. Pract. 2014, 64, e384—e391. [CrossRef]

Korea Information Society Development Institute. KISDI STAT Report. Available online: https://www.kisdi.re.kr/kisdi/
common/premium?file=1%7C14503 (accessed on 3 May 2019).

Folstein, M.E; Folstein, S.E. Korean Version of the Mini-Mental State Examination, 2nd ed.; PAR Inc.: Lutz, FL, USA, 2010.

Rami, L.; Mollica, M.A.; Garcia-Sanchez, C.; Saldafa, J.; Sanchez, B.; Sala, I.; Valls-Pedret, C.; Castellvi, M.; Olives, J.; Molinuevo,
J.L. The Subjective Cognitive Decline Questionnaire (SCD-Q): A validation study. J. Alzheimer’s Dis. 2014, 41, 453—466. [CrossRef]
[PubMed]

Greenaway, M.C.; Duncan, N.L.; Smith, G.E. The memory support system for mild cognitive impairment: Randomized trial of a
cognitive rehabilitation intervention. Int. J. Geriatr. Psychiatry 2013, 28, 402—409. [CrossRef] [PubMed]

Tudor-Locke, C.; Craig, C.L.; Aoyagi, Y.; Bell, R.C.; Croteau, K.A.; De Bourdeaudhuij, I.; Ewald, B.; Gardner, A.W.; Hatano, Y.;
Lutes, L.D.; et al. How many steps/day are enough? For older adults and special populations. Int. |. Behav. Nutr. Phys. Act 2011,
8, 80. [CrossRef] [PubMed]

Jin, H.; Lee, H. The effects of reinforced walking exercise on dyspnea-fatigue symptoms, daily activities, walking ability, and
health related quality of life in heart failure patients. Korean J. Adult Nurs. 2016, 28, 266-278. [CrossRef]

Kang, YYW.; Jang, S.M.; Na, D.L. Seoul Neuropsychological Screening Battery Core; Human Brain Research & Consulting Seoul: Seoul,
Korea, 2018.

Troyer, A K.; Rich, J.B. Psychometric properties of a new metamemory questionnaire for older adults. J. Gerontol. B Psychol. Sci.
Soc. Sci. 2002, 57, 19-27. [CrossRef]

Yesavage, J.A.; Brink, T.L.; Rose, T.L.; Lum, O.; Huang, V.; Adey, M.; Leirer, V.O. Development and validation of a geriatric
depression screening scale: A preliminary report. J. Psychiatr. Res. 1982, 17, 37-49. [CrossRef]

Jung, LK.; Kwak, D.I; Shin, D.K,; Lee, M.S.; Lee, H.S.; Kim, ].Y. A reliability and validity study of geriatric depression scale. J.
Korean Neuropsychiatr. Assoc. 1997, 36, 103-111.

Tabachnick, B.G.; Fidell, L.S. Using Multivariate Statistics, 3rd ed.; Harper Collins: New York, NY, USA, 1996.

Kim, Y.K.; Ghim, H.L. The effects of a cognitive enhancement program for elderly. Korean J. Dev. Psychol. 2015, 28, 87-105.
Northey, ].M.; Cherbuin, N.; Pumpa, K.L.; Smee, D.J.; Rattray, B. Exercise interventions for cognitive function in adults older than
50: A systematic review with meta-analysis. Br. J. Sports Med. 2018, 52, 154-160. [CrossRef] [PubMed]

Ngandu, T.; Lehtisalo, J.; Solomon, A.; Levélahti, E.; Ahtiluoto, S.; Antikainen, R.; Baickman, L.; Hanninen, T.; Jula, A.; Laatikainen,
T.; et al. A 2year multidomain intervention of diet, exercise, cognitive training, and vascular risk monitoring versus control
to prevent cognitive decline in at-risk elderly people (FINGER): A randomised controlled trial. Lancet 2015, 385, 2255-2263.
[CrossRef]

Gokal, K.; Wallis, D.; Ahmed, S.; Boiangiu, I.; Kancherla, K.; Munir, F. Effects of a self-managed home-based walking interven
tion on psychosocial health outcomes for breast cancer patients receiving chemotherapy: A randomised controlled trial. Support
Care Cancer 2016, 24, 1139-1166. [CrossRef] [PubMed]


http://doi.org/10.2196/12104
http://doi.org/10.1080/13607863.2016.1274373
http://www.ncbi.nlm.nih.gov/pubmed/28071929
http://doi.org/10.21037/mhealth.2017.04.05
http://doi.org/10.1007/s10865-017-9878-3
http://www.ncbi.nlm.nih.gov/pubmed/28918547
http://doi.org/10.1186/s40798-018-0157-9
http://doi.org/10.3399/bjgp14X680461
https://www.kisdi.re.kr/kisdi/common/premium?file=1%7C14503
https://www.kisdi.re.kr/kisdi/common/premium?file=1%7C14503
http://doi.org/10.3233/JAD-132027
http://www.ncbi.nlm.nih.gov/pubmed/24625794
http://doi.org/10.1002/gps.3838
http://www.ncbi.nlm.nih.gov/pubmed/22678947
http://doi.org/10.1186/1479-5868-8-80
http://www.ncbi.nlm.nih.gov/pubmed/21798044
http://doi.org/10.7475/kjan.2016.28.3.266
http://doi.org/10.1093/geronb/57.1.P19
http://doi.org/10.1016/0022-3956(82)90033-4
http://doi.org/10.1136/bjsports-2016-096587
http://www.ncbi.nlm.nih.gov/pubmed/28438770
http://doi.org/10.1016/S0140-6736(15)60461-5
http://doi.org/10.1007/s00520-015-2884-5
http://www.ncbi.nlm.nih.gov/pubmed/26275768

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Interventions 
	Calendar Training 
	Walking Exercise 

	Data Collection and Outcome measures 
	Cognitive Function 
	Depressive Symptoms 
	Self-Esteem 
	Adherence 

	Data Analysis 

	Results 
	Participant Characteristics 
	Cognitive Function, Depressive Symptoms, and Self-Esteem among Groups at Baseline 
	Effects of Intervention on Cognitive Function, Depressive Symptoms, and Self-Esteem 

	Discussion 
	Conclusions 
	References

