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Objective: We aimed to investigate the effect of internet-based and in-person
cognitive interventions on cognition, mood, and activities of daily living (ADL) on
patients with mild to moderate Alzheimer’s disease (AD) and examine whether
internet-based intervention is as effective as the in-person intervention.

Methods: We recruited 52 patients with probable mild AD, of whom 42 completed
the trial. We randomly divided participants into intervention and control groups
at a 1:1 ratio and statistically compared the neuropsychological test results of
the two groups. In addition, patients in the intervention group were randomly
assigned to a 4weeks internet-based or in-person intervention, with subsequent
crossover to the other group for 4weeks. We statistically analyzed and compared
the neuropsychological test scores between internet-based and in-person
interventions.

Results: Compared with the control group, the intervention group (internet-based
and in-person) showed significantly improved profile in cognition (p<0.001),
depression (p<0.001), anxiety (p<0.001) and ADL (p<0.001). In addition, the
effect of the internet-based intervention on cognition (p=0.918) and depression
(p=0.282) was not significantly different from that of the in-person intervention.
However, in the Beck anxiety inventory (p=0.009) and Seoul instrumental activity
of daily living (p=0.023), in-person intervention was more effective than internet-
based intervention.

Conclusion: This study suggests that both types of cognitive intervention (in-
person and internet-based) may be viable supplementary treatments along
with approved pharmacological therapy. In terms of anxiety and ADL, the effect
of the in-person interventions may be more effective than the-internet based
interventions.
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Introduction

Alzheimer’s disease (AD), a prevalent form of dementia,
represent a growing burden in an aging society (1). Currently AD
affects around 40 million adults worldwide. Pharmacological
treatment is used to slow the progression of the disease. However,
pharmacological treatment alone cannot effectively delay the
impairment, and multimodal treatment is necessary. Various
studies have highlighted the positive impact cognitive interventions
have on cognition in older adults with or without cognitive decline
(2-4). Likewise, our previous studies demonstrated that the
in-person multimodal intervention including cognitive training,
music therapy and art therapy improves cognition, activities of daily
living (ADL), and mood in mild to moderate AD (5, 6). Moreover,
some studies found that art and music therapy can significantly
alleviate depression and anxiety in patients with dementia (7-10).
This benefits  of
non-pharmacological interventions,

findings underscore the potential

multimodal including
cognitive training, art therapy, and music therapy, as good
supplementary options to preserve cognitive function in patients
with cognitive impairment.

The coronavirus disease 2019 (COVID-19) pandemic has
challenged the in-person delivery of cognitive interventions to
dementia patients (11). Older patients with dementia may avoid
medical facilities or may be required to self-isolate due to lockdowns,
illnesses, or fear of exposure to the virus (12, 13). Furthermore,
cognitive intervention programs are limited due to money, time, and
space requirements in real clinical settings. Therefore, there is an
emerging need for remote cognitive training for AD. The COVID-19
pandemic has accelerated mobile health applications and
telemedicine, and popularized teleconferencing technology (14).
Additionally, information and communication technology (ICT)
intervention involves utilizing tools such as the internet, handheld
digital devices, computer terminals, and cellular phones (2, 15-18).
The internet based intervention is different from mobile-based in
that internet based intervention is based on the real time interaction
with therapist. Internet-based video conferencing is more akin to
in-person interventions as therapists can interact with and motivate
participants, a feature not typically present in mobile-based
interventions. Additionally, the internet-based intervention using
Zoom allows for group interactions with multiple participants,
which is unlike the mobile phone-based intervention (16). A recent
studies indicated that cognitive interventions using ICT had a
statistically significant positive impact on cognitive function when
compared with various control groups (19). However, the
effectiveness of the internet-based interventions compared to the
in-person interventions has not been extensively explored. In the
present study, we aimed to investigate the effect of the internet-based
interventions on cognition, mood, and ADL on patients with mild
to moderate AD, and examine whether it is as effective as in-person
cognitive interventions.
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Method
Participants

We registered the data of 52 patients at Myongji Hospital in Goyang,
Republic of Korea, and Cheongpungho Geriatric Hospital from
September to December 2021. All patients underwent a detailed
medical history taking, neurological examinations, neuroimaging
(brain computed tomography or magnetic resonance imaging), and
blood and neuropsychological tests, and met the criteria of probable AD
according to the National Institute of Neurological and Communicative
Disorders and Stroke-Alzheimer Disease and Related Disorders
Association (NINCDS-ADRDA) (20). Participants who had mild to
moderate AD, which is a rating that corresponds to 0.5-1 in the Korean
version of clinical dementia rating (CDR), were included in the study.

The exclusion criteria were the presence of metabolic diseases that
could affect cognitive function (hyperthyroidism, vitamin B12 or folic
acid deficiency, chronic renal failure, uncontrolled diabetes, and
hepatic failure), chronic alcoholism, and a history of stroke, seizure,
and brain surgery. Furthermore, patients who met the Diagnostic and
Statistical Manual of Mental Disorders (Fifth edition) for psychotic or
mood disorders such as schizophrenia or major depressive disorder
were also excluded (9).

Study design

Fifty-two eligible participants were randomized and allocated into
the control (only pharmacological treatment, n=26) and intervention
groups (both non-pharmacological intervention and pharmacological
treatment, n=26) (Supplementary Figure S1). The intervention group
was further classified into two groups, and intervention A group
(n=13) underwent an intervention over Zoom videoconferencing
during a 4 weeks period and then an in-person intervention during a
4 weeks period. Intervention B (n=13) group underwent an in-person
intervention during a 4 weeks period, followed by the internet-based
intervention (Zoom videoconferencing) during the remaining 4 weeks
period (Figure 1). Both the control and intervention groups
maintained the same doses of acetylcholine esterase inhibitor,
N-methyl-D-aspartate receptor (NMDA) antagonist, selective
serotonin reuptake inhibitor (SSRI), and benzodiazepine during the
study period. All participants underwent a neuropsychological test at
the fourth and eighth weeks. Participants who withdrew the consent
were excluded according to approved protocols and guidelines of
institutional review board of Myongji Hospital.

Randomization

Using covariate-constrained randomization in the cvcrand
package, the participants were randomized and allocated to the
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FIGURE 1
Study design. We randomly divided participants into intervention and control groups at a 1:1 ratio. In addition, patients in the intervention group were
randomly assigned to a 4weeks internet-based or in-person intervention, with subsequent crossover to the other group for 4weeks.

intervention and control groups. In addition, the participants in the
case groups were randomized and allocated to intervention A and
intervention B groups. When randomized, age, sex, and baseline CDR
were controlled for.

In-person and internet-based cognitive
intervention programs

A nonpharmacological treatment program was established,
incorporating elements of cognitive, music, and art therapies. This
consisted of a 1 hour session (30 min each for 32 sessions), split evenly
between cognitive training, and either music therapy or art therapy.
Cognitive training was provided twice a week, while music and art
therapies were conducted once a week. Cognitive training was
provided twice a week, and music and art therapy were provided once
a week. An internet-based multimodal intervention was delivered
over Zoom.

Cognitive training comprised 16 sessions of 30min each
conducted over 8 weeks (twice a week). Out of these 16 sessions, eight
were conducted via the internet and the other eight in person. Each
session consisted of four stages: introductory activity, brain health
lifestyle education, main activity, and finishing the activity. The
primary activities included five domains: memory, attention,
visuospatial function, frontal-executive function, and language and
related functions.

Music therapy included eight 30 min sessions over 8 weeks (once
a week), with half of these sessions conducted over Zoom and the rest
in person. Each session was structured into three stages: introductory
activity (5min), main activity (20 min), and finishing activity (5min).
In the therapeutic song singing activity, the participants had time to
listen to or sing all the prepared songs together, share feelings, and
discuss the meaning of the lyrics. Afterward, each section was divided
into groups and solos, and each group member sang in solo and
proceeded in a solo-tutti structure performed in the chorus. In
addition, therapeutic singing included the writing of song lyrics by
group members. In the instrumental activity, participants were
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expected to improvise their rhythm. After presenting a variety of
rhythmic instruments, participants selected their favorite instrument,
added their interpretation of the music, and improvised the rhythm
presented to them on the therapists piano. As participants grew
comfortable with their instruments, they began to recognize their
roles in the solo-chorus structure, preparing themselves for expression
when performing with the rest of the group. The activity involved
participants trying to play melody instruments like colored handbells
by reading color scores.

Art therapy consisted of eight 30 min sessions over 8 weeks (once
a week), evenly split between the internet-based and in-person
sessions. The content of the internet based art therapy sessions were
interconnected with the in-person sessions, involving the four specific
sessions: “self-introduction,” (to make name tags), “Henri Matisse”
(after appreciating a painting by Henri Matisse, to put the prepared
color pieces together, and to make a single picture), “my hometown”
(color the letters mandala and complete it), and “memory box” (to
make a panorama that expresses the journey of life). The in-person art
therapy sessions included the following activities: “self-introduction,”
(to make name tags), “Henri Matisse” (after appreciating a painting by
Henri Matisse, to carve them, and color each piece by individuals, and
to take a picture and share the work by the therapist online), “my
home town” (quizzes on my hometown online), and “memory box”
[to make trees symbolize old age (present stage) by decorating it with
pictures of one’s face and wishes, and share it online].

Neuropsychological tests

The Seoul Neuropsychological Screening Battery (21, 22), which
is a structured cognitive function assessment tool for evaluating each
domain of cognitive function, was used as a basic examination. In this
section, the Korean versions of the mini-mental status examination
(K-MMSE) (23) and CDR (24) were performed. The red and blue
forms of the K-MMSE were alternatively used to minimize the
learning effect. Additionally, a Korean dementia screening
questionnaire-cognition (KDSQ-C) was administered to the patients
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to evaluate their cognitive function (25). Before and after patients
underwent Zoom and in-person intervention, the long form of the
geriatric depression scale (GDS) (26), Beck anxiety inventory (BAI)
(27), and Seoul-instrumental activities of daily living (S-IADL) (28)
were used to assess the emotions and ADL of each patient. The cutoff
values were as follows: long form of GDS, 18 out of 30; BAI, 22 out of
63; S-IADL, 8 out of 45; and KDSQ-C, 6 out of 15. A follow-up
cognitive assessment was performed within 4 months of the study.

Assessment of the level of satisfaction

The level of satisfaction was assessed using the following
questions: (1) Was the Centenarian’s Good Memory Program
satisfactory? (2) Was the schedule of the Centenarian’s Good Memory
Program satisfactory? (3) Were the space and facilities of the
Centenarian’s Good Memory Program satisfactory? (4) Was the
Centenarian’s Good Memory Program helpful in the prevention of
dementia in daily life? (5) Would you recommend participating in the
Centenarian’s Good-Memory Program to your acquaintances? (6) Do
you want to participate in the Centenarian’s Good Memory Program?
Responses to each question were graded from 1 (not at all satisfied) to
5 (very satisfied), and the total score was 30.

Statistical analysis

Demographic characteristics between the control and intervention
groups were compared using a two-sample t-test for continuous
variables and a chi-squared test of independence for categorical
variables. Next, the changes in cognition, ADL, and mood before and
after the integrated cognitive therapy were analyzed using analyses of
covariance (ANCOVAs) to evaluate the effectiveness of the
intervention with covariates (educational year and CDR-SOB) to
control for confounding factors. We excluded age and sex, which were
used for randomization, from the covariates in the analysis. Statistical
significance is indicated by p<0.05. All analyses were performed
using SAS® 9.4.

Results

Participants’ flow, adherence to
interventions, and baseline characteristics

Fifty-six patients were included in this study. Fifty-two
participants were randomized and assigned in a 1:1 ratio to the
intervention and control groups The intervention group was also
divided into two subgroups, intervention A and intervention B,
through random allocation: (i) intervention A group underwent an
internet-based intervention for 4 weeks, followed by in-person therapy
for 4 weeks; (ii) intervention B group received the opposite sequence
of intervention. In the control group, five participants were excluded
according to approved protocols and guidelines of institutional review
board because the patients withdrew the consents. Three participants
in intervention A group and two in intervention B group discontinued
the intervention and were excluded (Supplementary Figure S1) with
the same reason. The mean number of sessions that each patient
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participated in was 15.5+0.8 out of 16. Baseline characteristics were
balanced between the intervention and control groups as there were
no significant differences in age, sex, education, cognitive scores, and
depression and anxiety scores (Table 1).

Comparison of the score of
neuropsychological tests between control
and intervention groups

When comparing the effect of non-pharmacological interventions
[internet-based intervention (4 weeks) and in-person interventions
(4 weeks)] with the control group (pharmacological treatment only for
8weeks) after controlling for CDR-SOB and education year using
ANCOVA, the K-MMSE (p<0.001) and KDSQ scores (p<0.001)
improved in the intervention group. In terms of mood, the GdepS
(p<0.001) and BAI scores (p<0.001) improved in the intervention
group. Similarly, the S-IADL score (p<0.001) also significantly
improved in the intervention group (Table 2 and Figure 2).

Comparison of neuropsychological profiles
and the level of satisfaction between the
internet-based and in-person intervention
periods

For the same participants, we compared the difference in scores
during the internet-based and in-person intervention period. The
score difference on the internet-based intervention period was not
significantly different from that of the in-person intervention period
in the MMSE (p=0.918) and GDepS (p=0.282). The KDSQ-C
(p=0.026), BAI (p=0.009), and SIADL (p=0.023) scores improved
more after the in-person than the internet-based intervention (Table 3
and Figure 3).

In addition, no significant difference was observed in the level of
satisfaction between the internet-based and in-person interventions
(24.7 vs. 24.5, p=0.940) (Supplementary Figure S2).

Discussion

The present study was a randomized controlled trial (RCT) that
investigated the effect of the internet-based and in-person
interventions on cognitive function, mood, and ADL of 42 patients
with probable AD according to the NINCDS-ADRDA criteria. This
study suggests that the multimodal intervention, in conjunction with
pharmacological treatment, was more effective in improving cognitive
function, mood, and ADL than pharmacological treatment alone
which is compatible with previous studies (4, 16, 19, 29). Moreover,
the effect of the internet-based intervention may not significantly
different from that of the in-person intervention in improving
cognition and depression; however, there was significant difference
between the in-person intervention and the internet-based
intervention in improving anxiety and ADL. In addition, the level of
satisfaction with the internet-based intervention period was not
significantly different from that of the in-person intervention.

Previous studies have shown that non-pharmacological
interventions, including cognitive training, affect cognition in older
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TABLE 1 Demographic and clinical characteristics.

Overall (n =42)

Control (n =21)

10.3389/fpubh.2023.1203201

Intervention (n =21)

Female 66.7 (28) 66.7 (14) 66.7 (14) 1.000
Age 77.4+8.4 75.4+8.4 79.3+8.1 0.773
Education year 8.4+5.1 8.0+£5.0 8.8+5.2 0.994
Comorbidities
Hypertension 59.5 (25) 69.1 (13) 57.1(12) 0.753
Diabetes mellitus 23.8(10) 33.3(7) 14.3 (3) 0.147
Dyslipidemia 40.5(17) 38.1(8) 429 (9) 0.753
Cardiac disease 9.5 (4) 9.5(2) 9.5(2) 1.000
Stroke 4.8(2) 9.5(2) 0(0) 0.147
Medication
Acetylcholine esterase inhibitor 64.3 (27) 66.7 (14) 61.9 (13) 0.747
NMDA antagonist 7.1(3) 4.8(1) 9.5(2) 0.549
SSRI 26.2 (11) 42.9 (9) 9.5(2) 0.014
Benzodiazepine 23.8(10) 23.8(5) 23.8(5) 1.000
Baseline score
MMSE 21.2+49 20.8+4.3 21.9+55 0.575
GdepS 13.8+10.7 15.0+£10.4 12.6+11.0 0.425
BAI 14.4+17.0 17.4+£19.4 11.4+14.1 0.261
SIADL 17.1+£12.0 18.8+11.6 155+12.3 0.374
CDR 0.750£0.253 0.738+0.256 0.762+0.256 0.765
CDR=0.5, % (n) 50 (21) 47.6 (10) 52.4 (11)
CDR=1 50 (21) 52.4(11) 47.6 (10)

NMDA, N-methyl-D-aspartate receptor; SSRI, selective serotonin reuptake inhibitor; MMSE, mini-mental state examination; GdepS$, geriatric depression scale; BAI, Beck anxiety inventory;

SIADL, Seoul instrumental activity of daily living; CDR, clinical dementia rating.

TABLE 2 Comparison of the neuropsychological test results before and after intervention.

Control (n =21)

Intervention (n =21)

Oweek 8weeks Oweek 8weeks
K-MMSE 20.8 +4.3 202 +4.5 21955 249+42 2555 <0.001
KDSQ 173+73 163+7.1 12.5+6.9 8.8+6.1 19.2 <0.001
Gdep$ 15.0 +10.4 14.4+95 126 +11.0 44+40 222 <0.001
BAI 17.4+19.4 16.8 +19.2 11.4+14.1 46+58 95.4 <0.001
SIADL 188+ 11.6 18.0 £ 10.6 155 +12.3 11.7+7.9 435 <0.001

MMSE, mini-mental status examination; KDSQ, Korean dementia screening questionnaire; GdepS$, geriatric depression scale; BAI, Beck anxiety inventory; SIADL, Seoul instrumental
activities of daily living. Post-intervention scores were compared using analysis of covariance (ANCOVA) after adjusting for the baseline education year and clinical dementia rating-sum of

boxes (CDR-SOB).

adults (30-32). Recently, with the development of technology and the
COVID-19 pandemic, the importance of remote delivery of
non-pharmacological interventions is emerging (11). A few clinical
trials that used smartphone applications as cognitive training tools
showed effects on cognition in older individuals without dementia (2,
15). There is previous literature discussing the use of in-home video
telehealth for delivering interventions to individuals with dementia.
Burton and OConnell (33) examined the use of cognitive
rehabilitation for goal setting via telehealth videoconferencing in six
people with subjective cognitive impairment, mild cognitive
impairment, or Alzheimers disease and concluded that the
intervention could be feasibly delivered Jelcic et al. (34) used Skype as
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a platform to deliver their cognitive rehabilitation program that
consisted of lexical tasks aimed at enhancing semantic verbal
processing in 27 people with Alzheimer’s disease. They also concluded
that it was feasible to deliver their program, which might improve
global cognitive performance. Our RCT is distinguishable from
previous studies for the following reasons: first this study demonstrated
that ICT-based interventions, such as Zoom, are feasible for delivering
multimodal interventions. ICT-based interventions utilize various
tools such as the internet, mobile phones, and handheld devices.
Among them, the internet-based methods, particularly those using
platforms like Zoom, offer real-time interaction with therapists,
similar to the in-person sessions, and uniquely allow for group
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TABLE 3 Comparison of the neuropsychological test results according to the type of cognitive intervention (n=21).

In-person intervention period

Internet-based intervention period

Baseline 4weeks later Baseline 4weeks later
K-MMSE 220458 235442 23.6+4.1 250+ 4.4 5.65 0918
KDSQ 13.0+7.2 94462 95457 94462 5.4 0.026
Gdep$S 11.2+113 6.1+6.2 84479 53+6.2 1.2 0.282
BAI 114+ 141 53+65 63+73 56467 7.5 0.009
SIADL 154 125 121484 124+83 11.9+ 8.0 0.01 0.023

MMSE, mini-mental status examination; KDSQ, Korean dementia screening questionnaire; Gdep$, geriatric depression scale; BAI, Beck anxiety inventory; SIADL, Seoul instrumental
activities of daily living. Post-intervention scores were compared using analysis of covariance (ANCOVA) after adjusting for the baseline education year and clinical dementia rating-sum of

boxes (CDR-SOB).

participation, a feature typically absent in mobile-based interventions.
Second, art and music therapy programs as well as cognitive training
were adapted to an online environment in this study. Third, this study
compared the efficacy of traditional in-person interventions with that
of internet-based interventions, demonstrating that internet-based
interventions are as effective as in-person interventions in treating
depression and improving cognition. Therefore, it shows the promise
of online intervention in the real world, in that, it can be provided in
situations such as lockdowns due to the COVID-19 pandemic or
mobility problems due to gait disturbance, regardless of where people
are located.

First, cognitive intervention was more effective in improving the
K-MMSE, S-IADL, GdepS, and BAI scores in the case group than in
the control group with only pharmacological treatment. In terms of
cognition, because of the practice effect of repeated tests, we double-
checked the subjective change in the cognitive function to be identified
to caregivers using the KDSQ-C. The KDSQ-C score of the
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intervention group significantly improved compared to that of the
control group. Considering that existing pharmacological treatment
has only a limited effect on ADL, it is noteworthy that it added
evidence of the effect of cognitive intervention on ADL (29). In
addition, consistent with previous studies, multimodal intervention
more effectively alleviated depression and anxiety in patients with
mild to moderate AD than pharmacological treatment in the control
group (29, 35).

Second, when the effect of the internet-based intervention was
compared with that of the in-person intervention among the same
patients, the effects on cognition and depression were not significantly
different between the two interventions. However, the internet-based
intervention may be as effective as in-person intervention for
improving anxiety and ADL. Regarding depression, the internet-based
intervention might be as effective as in-person interventions, which is
consistent with a previous study that found that group intervention
relieves loneliness and depression among older people during the
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Comparison of the score of neuropsychological tests of the Zoom and in-person intervention periods. The scores difference of K-MMSE, KDSQ,
GdepsS, BAI, SIADL and level of satisfaction during the Zoom intervention period were compared with the score difference during the in-person

COVID-19 pandemic (36, 37). Additionally, more research is needed
to develop the internet-based interventions that can effectively
improve anxiety and ADL.

This RCT demonstrated that non-pharmacological multimodal
interventions (internet-based and in-person interventions) improve
cognitive function, ADL, and mood in patients with AD compared to
the control group (pharmacological treatment only). In addition, the
effect of the internet-based intervention on cognition and depression
was not significantly different from that of the in-person intervention.
Therefore, the internet-based intervention may be effective enough to
be applied to patients with mild to moderate AD. However, our study
has some limitations. First, it’s difficult to say that this study perfectly
controlled the effects of the medication. There was no significant
difference in the proportion of drug use between the two groups and
we maintained the type and dosage of medication from the original
drug treatment during the research period, although we could not
completely stop medication and purely observe the effects of the
intervention due to ethical considerations. Second, the washout
period was not allocated between the two intervention periods,
considering that each intervention period was only 4 weeks long, and
the intervention may not be residual in the body, unlike pharmacologic
treatment. Third, we did not use an amyloid biomarker to diagnose
AD; therefore, diagnostic uncertainty remains unclear. Fourth, the
sample size was relatively small, and the study period was not long.
Particularly, due to the limited sample size in both intervention A and
B group, it’s still uncertain whether the internet-based interventions
is effective as the in-person interventions.

In conclusion, this study demonstrated that the intervention
(in-person and internet-based) group showed improved cognition,
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ADL, and mood more than the control group in patients with mild
to moderate AD. In terms of anxiety and ADL, the effect of the
in-person interventions might be more effective than the-internet
based interventions. Furthermore, this study suggested that both
types of non-pharmacological interventions (in-person and
internet-based interventions) may be viable supplementary
treatments to be administered along with an approved
pharmacological therapy.
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