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INTRODUCTION

Alzheimer’s disease (AD), the most common cause of demen-
tia in older adults, causes non-cognitive symptoms, including 
psychosis, depression, irritability, anxiety, and personality 
changes, in addition to cognitive symptoms. These non-cogni-

tive symptoms have been associated with worse cognitive de-
cline and accelerated disease progression.1 One of the most im-
portant non-cognitive symptoms is sleep disturbance, which is 
reported in 45% of AD patients.2 Previous studies have report-
ed that sleep disturbance accelerates disease progression by 
increasing Aβ accumulation in the brain through decreased Aβ 
clearance.3 Therefore, evaluation and management of non-cog-
nitive symptoms are important in treating AD patients. 

Massage therapy leading to muscle relaxation is a non-phar-
macological intervention that has been found to reduce fa-
tigue, depression, stress, anxiety, and pain in individuals with 
various conditions.4 Previous studies have reported that mas-
sage therapy can improve sleep quality in subjects with sleep 
disturbance.5-7 Furthermore, a previous study has shown that 
electrical automatic massage (EAM), which automatically per-
forms a full body massage, can improve sleep quality and re-
lieve fatigue.8 

To date, treatments for AD only provide symptomatic relief 
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without altering the underlying disease pathology.9 Moreover, 
recent failures of clinical trials of anti-amyloid and tau therapies 
suggest that AD is a multifactorial disease.10 Therefore, multiple 
approaches are needed to treat AD and to improve quality of 
life in AD patients, potentially including non-pharmacological 
interventions.11 However, to the best of our knowledge, the ef-
fects of muscle relaxation following EAM have not yet been ex-
tensively examined in AD patients. Considering the beneficial 
effects of muscle relaxation on anxiety, depression, and sleep 
quality and the effects of non-cognitive symptoms on cognitive 
functions, we hypothesized that muscle relaxation would im-
prove both cognitive and non-cognitive symptoms in patients 
with AD.

We conducted a randomized controlled study to evaluate the 
effects of EAM on cognitive and non-cognitive functions in pa-
tients with AD spectrum disorders. Furthermore, we evaluated 
the effects of muscle relaxation on cortical thickness and de-
fault mode network (DMN) changes using structural magnetic 
resonance imaging (MRI) and resting-state functional MRI 
(rs-fMRI).

MATERIALS AND METHODS

Study design and participants
This study was conducted as a 12-month, single-center, ran-
domized controlled study of parallel groups of subjects with AD 
spectrum disorders. We prospectively recruited patients with 
amnestic mild cognitive impairments (aMCI) and early-stage 
AD who visited a memory clinic at Samsung Medical Center, 
Republic of Korea, from September 2017 to December 2019. 

Subjects who met the following criteria were included: 1) age 
between 50 and 85 years, 2) diagnosed with either aMCI or ear-
ly-stage AD, and 3) positive Aβ pathology (brain amyloid plaque 
load score ≥2) based on 18F-florbetaben positron emission to-
mography findings.12 Thus, all participants had AD spectrum 
disorders. Subjects with aMCI met Peterson’s criteria,13 and those 
with early-stage AD satisfied the criteria of the National Institute 
of Neurological and Communicative Disorders and the Stroke 
and Alzheimer’s Disease and Related Disorders Association,14 
with a clinical dementia rating ranging from 0.5 to 1. 

We excluded subjects 1) with severe white matter hyperin-
tensities (WMH), which were defined as deep WMH ≥25 mm 
and periventricular WMH ≥10 mm; 2) who could not undergo 
MRI due to side effects related to contrast agents, claustropho-
bia, or an implanted device; and 3) with other medical or sur-
gical diseases that caused dementia. 

Since EAM studies have not been conducted in subjects with 
cognitive impairment, we calculated the sample size based on 
a previous intervention study, in which the difference in Pitts-
burgh Sleep Quality Index (PSQI) values between an interven-
tion group and a control group was 2.13.7 Based on a statistical 
power of 0.8 to reject a null hypothesis at a significance of 0.05, 

we needed 24 subjects in each group. Considering a possible 
attrition rate of 25%, we set the target sample size at 60 (30 in-
tervention and 30 control). Allocation was performed using 
six-block randomization. While both groups received routine 
medical care for cognitive impairment, the intervention group 
additionally received EAM for muscle relaxation. EAM was per-
formed twice a day (every morning and evening) for 30 minutes 
over 12 months. Baseline neuropsychological tests [Seoul Neu-
ropsychological Screening Battery (SNSB)15 and Mini-Mental 
State Examination (MMSE)]; questionnaires for non-cognitive 
symptoms, including sleep quality, anxiety, depression, and 
stress, and brain MRI were performed for both groups. While 
follow-up MMSE and questionnaires were performed every 
6 months, follow-up SNSB and brain MRI were performed after 
12 months. Five participants were lost to follow-up (Fig. 1). Since 
subjects lost during follow-up were unavailable for the final as-
sessment, we performed a per protocol analysis. Although par-
ticipants could not be blinded to their allocated treatment, be-
tween-group interactions were restricted to minimize bias. 
Although participants were unblinded and it would be difficult 
to guarantee that rater blindness was fully maintained due to 
several factors, such as participant disclosure, we tried to main-
tain rater blinding to attainable points. Nevertheless, the subjec-
tive questionnaires assessing non-cognitive symptoms might 
have been biased. 

Each participant was fully informed of the details of the experi-
mental procedure, and all participants provided written consent 
to participate in the experiment. This study was registered with 
the Protocol Registration and Results System (ClinicalTrials.gov 
ID: NCT03507192, 24/04/2018). The research is reported in ac-
cordance with the CONSORT guidelines.

EAM 
The intervention group received EAM chairs (Bodyfriend Inc., 
Seoul, Korea), which have been shown to induce muscle relax-
ation.16 It conducts a full body massage of the neck, shoulders, 
arms, hands, waist, hip, calf, and soles. Adherence to EAM was 
assessed using a daily log; all users were required to submit daily 
logs. All participants adhered to the EAM as instructed. 

Neuropsychological tests
All participants underwent the second edition of the SNSB,15,17 
which is a comprehensive neuropsychological test that assess-
es attention (digit span test, DST), language (the Korean ver-
sion of the Boston Naming Test, K-BNT), visuospatial function 
(Rey-Osterrieth Complex Figure Test, RCFT), memory [imme-
diate recall, 20-minute delayed recall, and recognition in the 
Seoul Verbal Learning Test-Elderly’s version (SVLT-E) and 
RCFT], and frontal-executive function (Controlled Oral Word 
Association Test, COWAT), Stroop test, digit symbol coding 
(DSC), and the Korean Trail Making Test-Elderly version (K-
TMT-E). Each cognitive score was normalized using reference 
scores obtained from the assessment of 1067 healthy Korean 
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participants. General cognition was assessed using the Clini-
cal Dementia Rating sum of boxes (CDR-SOB) scores (range 
0–30) and Korean version of the MMSE (range 0–30). 

Questionnaires
Non-cognitive symptoms were assessed using the following 

questionnaires. 

PSQI
We used the Korean version of the PSQI (PSQI-K) to evaluate 

subjective sleep quality.18 The PSQI-K consists of 18 questions 
concerning sleep quality, sleep onset latency, sleep duration, 
sleep efficiency, sleep disturbance, use of sleeping medicine, 
and daytime dysfunction. The score for each question ranges 
from 0 to 3, with higher scores indicating worse sleep quality.

Geriatric Depression Scale (GDS)
We used the Korean version of the GDS (K-GDS) to identify 

depression in older patients,19 with higher scores indicating 
more severe depression. 

Geriatric Anxiety Inventory (GAI)
We used the Korean version of the GAI (K-GAI) to measure 

anxiety among older patients. A high total score indicates a 
higher level of anxiety.20 

Stress questionnaire
The Stress Questionnaire is a 9-item questionnaire used to 
identify stress in adults.21 The score of each question ranges be-
tween 1 and 5, with total scores ranging from 9 to 45. Higher 
scores indicate a higher degree of stress.

Acquisition of MR images and cortical thickness 
measurements
MR images were acquired using a 3.0-T MR scanner (Philips 
Healthcare, Eindhoven, Netherlands). T1-weighted anatomi-
cal MR images were obtained with a repetition time of 9.9 ms, 
an echo time of 4.6 ms, a flip angle of 8°, and a voxel size of 1.0× 
1.0×0.5 mm3. To obtain local cortical thickness measurements 
for each subject, all T1 volume scans were processed using the 
CIVET pipeline (version 2.1.0) developed at the Montreal Neu-
rological Institute (MNI) for fully automated structural image 
analysis.22 Cortical thickness was calculated as the Euclidean 
distance between the linked vertices of the inner and outer 
surfaces. We extracted the regional cortical thickness value us-
ing automated anatomical labeling parcellation23 and calculat-
ed a composite value for the cingulate, frontal, parietal, tempo-
ral, and occipital cortices by averaging each constituent region. 
We calculated intracranial volume by measuring the total vol-
ume of the voxels within the brain mask using the FSL bet al-
gorithm (FMRI software library package, http://www.fmrib.
ox.ac.uk/fsl).24 To measure hippocampal volume, we used an 
automated hippocampus segmentation method using a graph 

Allocated to intervention 
(n=30)

6 months 
follow-up

12 months 
follow-up

Screening fail 
(n=3)

EAM group Control group

Allocated to control 
(n=30)

Assessed for eligibility 
(n=74)

Randomized 
(n=71) 

-  If there are drop out, additional 
recruitment up to 60 subejcts

Baseline assessment 
(neuropsychological test, 

questionnaires, MRI)

Drop out (n=11) 
-  Health problem (n=2) 

-  Pain due to massage (n=2) 
-  Declined to participate (n=2) 

-  Other reasons (n=5)

Questionnaires completed 
(n=26)

Questionnaires, 
neuropsychological test, 

and MRI completed 
(n=26)

Questionnaires, 
neuropsychological test, 

and MRI completed 
(n=29)

Questionnaires completed 
(n=29)

Follow-up loss 
(n=4)

Follow-up loss 
(n=1)

Fig. 1. Flow chart of the study design. EAM, electrical automatic massage; MRI, magnetic resonance imaging.

http://www.fmrib.ox.ac.uk/fsl
http://www.fmrib.ox.ac.uk/fsl
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cut algorithm combined with atlas-based segmentation and 
morphological opening. 

Acquisition and preprocessing of resting-state 
functional MR images 
T2*-weighted MR images were obtained using a gradient echo 
planar imaging pulse sequence with the following parame-
ters: 1) repetition time=3 s, 2) echo time=35 ms, 3) flip angle= 
90°, 4) voxel size=1.72×1.72×4 mm3, 5) slice number=35, and 
6) frame number=100. Subjects were instructed to remain 
awake with their eyes closed and not to focus on a specific 
thought during the scan. We performed the following prepro-
cessing steps using Statistical Parametric Mapping software 12 
(SPM, https://www.fil.ion.ucl.ac.uk/spm/) and custom code 
written on MATLAB (MathWorks 2014b) as previously de-
scribed25: 1) slice-timing correction, 2) realignment with rigid-
body transformation, 3) linear detrending, 4) regressing-out of 
nuisance variables (12 parameters for rigid-body head motion, 
signals averaged over deep white matter and lateral ventricles, 
and signals averaged over the whole brain), 5) normalization 
to MNI space, 6) spatial smoothing with a 6-mm full-width at 
half-maximum Gaussian kernel, and 7) temporal filtering (0.01–
0.1 Hz). We removed the first five volumes for T1 equilibration. 
When we inspected all imaging data for motion artifacts, no 
subjects exhibited head motion exceeding 2 mm in any axis or 
2° of rotation.

Calculation of individual DMN size
To calculate the individual DMN size, we first performed a vox-
el-wise seed-based analysis with the bilateral precuneus and 
posterior cingulate cortex as the seeds, which are known to act 
as hubs of the DMN.26 A DMN mask was created by threshold-
ing individual correlation maps throughout the whole brain us-
ing a familywise error rate-corrected p<0.05 and a cluster extent 
of 15. We defined DMN size as the total number of voxels with-
in the DMN mask divided by the total number of voxels within 
the whole brain gray matter. 

Statistical analysis
The baseline demographic characteristics between the EAM 
and control groups were compared using an independent t-
test or Mann-Whitney U test for continuous variables and chi-
square test for categorical variables. Scores on baseline and 
follow-up neuropsychological tests and questionnaires were 
compared using the paired t-test or repeated-measures analy-
sis of variance (rANOVA) for each group. We evaluated wheth-
er cognitive and non-cognitive function, regional cortical 
thickness, and DMN size differed between EAM intervention 
and control groups and whether they decreased over time us-
ing the linear mixed effect model expressed as follows: cogni-
tive, non-cognitive function, or neuroimaging results (regional 
cortical thickness or DMN size)= β0+β1×group+β2×time+1|subj
ect+covariates, where the subject was included as a random ef-

fect and baseline age, sex, and years of education were includ-
ed as covariates. For the regional cortical thickness analysis, 
intracranial volume was additionally included as a covariate. 
To investigate whether EAM had an effect on longitudinal 
changes in cognitive and non-cognitive symptoms, regional 
cortical thickness, and DMN size over time, we used the fol-
lowing model: cognitive, non-cognitive function, or neuroim-
aging results (regional cortical thickness or DMN size)=β0+β1×
group+β2×time+β3×group×time+ 1|subject+covariates. The ef-
fects of EAM on the longitudinal changes in each measure 
were tested with a time×group interaction term. For measures 
with 12-month follow-up, the terms for time were defined as 0 
for baseline and 1 for 12-month follow-up. For measures with 
6- and 12-month follow-up, the terms for time were defined as 
0 for baseline, 1 for 6-month, and 2 for 12-month follow-up.

We applied a square-root or log transformation to highly 
skewed variables. We excluded variables with high skewedness 
or kurtosis after transformation from further analyses. A two-
tailed p<0.05 was considered statistically significant. Statistical 
analyses were conducted with R 3.5.3 package (Vienna, Aus-
tria).

Ethics declarations 
The study was conducted in accordance with the Declaration 
of Helsinki and reviewed and approved by the Public Institu-
tional Review Board (No. 2017-05-135) committee designated 
by the Ministry of Health and Welfare, Korea.

RESULTS

Demographic features 
The comparison of baseline demographic characteristics is 
presented in Table 1. Age, proportions of female, education 
level, proportions of apolipoprotein ε4 carriers, proportions of 
AD, and general cognitive ability did not significantly differ 
between the EAM intervention and control groups. 

Effects of EAM on longitudinal cognitive function
We compared baseline and follow-up neuropsychological test 
scores using the paired t-test or rANOVA for each group (Sup-
plementary Table 1, only online). In the linear mixed effect 
model, there was no main effect for grouping (EAM and con-
trol), suggesting that cognitive function did not differ between 
the two groups. However, there was an effect for time in some 
cognitive tests, including the K-BNT, RCFT copy, immediate 
and delayed recall on the SVLT, recognition on the SVLT, im-
mediate and delayed recall on the RCFT, COWAT, Stroop color 
reading test, DSC, and MMSE (Table 2). In addition, the DST-
backward test showed a significant group-by-time interaction 
(t=2.274, p=0.027) (Table 2 and Fig. 2A).

https://www.fil.ion.ucl.ac.uk/spm/
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Effect of EAM on longitudinal non-cognitive 
symptoms
The baseline and follow-up questionnaires were compared in 
each group using rANOVA (Supplementary Table 2, only on-
line). In the linear mixed effect model, there was no main ef-
fect for grouping (EAM and control), suggesting that non-cog-
nitive function did not differ between the two groups. However, 
there was a main effect of time in some non-cognitive tests, in-
cluding the K-GAI and stress inventory (Table 3). In addition, 
the PSQI-K revealed a significant group-by-time interaction 
(t=-2.179, p=0.032) (Table 3 and Fig. 2B).

Effects of EAM on longitudinal changes in cortical 
thickness
The difference between baseline and follow-up cortical thick-
ness was compared using the paired t-test for each group (Sup-
plementary Table 3, only online). In the linear mixed effect 
model, there was no main effect of grouping, suggesting that 
cortical thickness and hippocampal volume did not differ be-
tween the two groups (EAM and control). However, there was a 
main effect for time on cortical thickness and hippocampal 
volume. There was no significant group-by-time interaction for 
cortical thickness or hippocampal volume (Table 4). 

Effect of EAM on longitudinal changes in DMN size 
In rs-fMRI analysis, there was no significant effect for time (t= 
0.935, p=0.343); furthermore, there was no interactive effect of 
EAM intervention on changes in DMN size (t=0.974, p=0.334).

DISCUSSION

We evaluated the effects of EAM on cognitive and non-cogni-
tive functions in patients with AD spectrum disorders. The im-
portant finding of this study was that muscle relaxation follow-
ing EAM attenuated changes in attention-associated cognitive 
scores (DST-backward score) and subjective sleep quality rela-
tive to that in controls. Our findings suggest that EAM may be 
an alternative therapy for the management of associated symp-
toms in AD. 

As expected, a significant decrease was noted in most tested 
cognitive functions, and all brain regions showed a reduction 
in cortical thickness after 1 year. We did not find that EAM re-
sulted in improvements in most cognitive functions or chang-
es in cortical thickness. These negative results might be due to 
the fact that the participants in this study were in either the 
prodromal or early stages of AD, where there is obvious cogni-
tive dysfunction with positive Aβ pathology. Since various 
pathogenic processes, such as Aβ and tau deposition and neu-
rodegeneration, occur prior to overt cognitive impairment,27 
EAM that provides symptomatic relief without ameliorating AD 
pathologies may have minimal effect. It may be more promis-
ing to apply EAM at an earlier stage, such as during the pre-
clinical stage of AD. 

Nevertheless, we found that EAM led to the attenuation of 
changes in attention relative to that in controls. In the early stage 
of AD pathogenesis, the frontal domain is relatively spared from 
pathogenic processes as AD involves temporo-parietal brain 
areas.28 We speculate that the effect of symptomatic therapies 
without altering AD pathologies might be evident in the cogni-
tive domain that is relatively preserved at the early stages of AD. 
Furthermore, our findings are consistent with those of previous 
studies that showed a beneficial effect of muscle relaxation on 
attention in patients with attention-deficit hyperactivity disor-
ders.29,30 Although the mechanisms of how muscle relaxation 

Table 1. Baseline Demographics of the EAM and Control Groups

EAM (n=26) Control (n=29) p value
Demographics

Age (yr) 69.4 (7.3) 72.5 (8.4) 0.152
Female 19 (73.1) 19 (65.5) 0.545
Education (yr) 10.4 (4.0) 10.7 (4.6) 0.772
APOE ε4 carrier 14 (53.8) 19 (65.5) 0.378
aMCI/AD, no 16/10 23/6 0.147

Neuropsychological tests
MMSE 22.9 (3.5) 23.9 (3.8) 0.299
CDR sum of boxes 2.9 (1.7) 2.4 (1.3) 0.244
Digit span forward 5.1 (1.3) 5.6 (1.2) 0.240
Digit span backward 2.9 (1.1) 3.6 (1.3) 0.012
K-BNT 39.4 (10.7) 38.0 (11.0) 0.544
RCFT copy 24.5 (10.9) 27.7 (7.6) 0.362
SVLT immediate recall 13.7 (3.7) 12.9 (4.7) 0.514
SVLT delayed recall 1.2 (1.8) 1.5 (1.9) 0.631
SVLT recognition 17.5 (3.1) 17.0 (2.6) 0.461
RCFT immediate recall 4.0 (3.5) 4.2 (3.5) 0.748
RCFT delayed recall 3.7 (4.2) 3.5 (3.5) 0.932
RCFT recognition 16.8 (2.7) 16.7 (2.8) 0.993
COWAT animal 11.0 (3.3) 11.8 (4.2) 0.446
COWAT supermarket 11.4 (4.7) 11.1 (5.2) 0.804
COWAT phonemic 16.2 (9.6) 19.9 (10.1) 0.174
Stroop color reading 49.6 (30.1) 58.5 (31.0) 0.285
DSC 34.0 (17.4) 40.5 (17.9) 0.230
K-TMT-E-B time 125.8 (107.5) 119.3 (95.2) 0.989
PSQI-K 3.8 (3.7) 4.2 (3.4) 0.459
K-GDS-30 8.6 (6.4) 9.9 (5.9) 0.428
K-GAI 4.4 (4.5) 5.2 (4.4) 0.467
Stress inventory 13.0 (5.6) 12.7 (3.6) 0.529

AD, early-stage of Alzheimer’s disease; aMCI, amnestic mild cognitive im-
pairment; APOE ε4, apolipoprotein ε4; CDR, Clinical Dementia Rating; COW-
AT, Controlled Oral Word Association Test; DSC, Digit Symbol Coding; EAM, 
electrical automatic massage; K-BNT, Korean version of the Boston Naming 
Test; K-GAI, Korean version of the Geriatric Anxiety Inventory; K-GDS, Korean 
version of the Geriatric Depression Scale; K-TMT-E-B, Korean Trail Making 
Test-Elderly version part B; MMSE, Mini-Mental State Examination; PSQI-K, 
Korean version of the Pittsburgh Sleep Quality Index; RCFT, Rey-Osterrieth 
Complex Figure Test; SD, standard deviation; SVLT, Seoul Verbal Learning Test. 
Differences were analyzed using the independent t-test or chi-square test. 
Data are presented as mean (SD) or n (%).
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improves attention are not known, previous studies have dem-
onstrated that it might be due to an increased level of sero-
tonin.30-32 

While most non-cognitive symptoms showed no improve-
ment after EAM, we found that EAM led to the attenuation of 
declines in subjective sleep quality relative to that in controls. 
Sleep affects various cognitive functions, including attention 
and memory consolidation.33 Furthermore, sleep disturbanc-
es, such as insomnia, hypersomnia, and circadian rhythm 
disturbance, are common in AD2 and increase the risk of de-

mentia.34,35 One mechanism explaining this association is that 
sleep disturbance inhibits metabolite clearance,36 precipitat-
ing the accumulation of Aβ in the frontal region of the brain.37 
Furthermore, poor sleep quality has been reported to increase 
the risk of metabolic and cardiovascular diseases, which are 
known to be independent risk factors for AD.38 Previous stud-
ies have demonstrated the beneficial effects of muscle relax-
ation on sleep quality in subjects with insomnia.5-8 We demon-
strated similar results of improvement in subjective sleep quality 
after massage therapy in subjects with AD spectrum disorders. 

Table 2. Results of Linear Mixed Effect Model Analysis of Neuropsychological Tests

Neuropsychological test
Group effect Time effect Group×time

β (95% CI) p value β (95% CI) p value β (95% CI) p value
Digit span forward -0.55 (-1.23, 0.14) 0.114 -0.08 (-0.35, 0.20)   0.584 -0.21 (-0.73, 0.31) 0.432
Digit span backward -0.08 (-0.22, 0.06) 0.266 -0.02 (-0.08, 0.05)   0.557 0.14 (0.02, 0.25) 0.027
K-BNT 0.98 (-4.36, 6.33) 0.714 -3.16 (-4.48, -1.85) <0.001 -0.72 (-3.18, 1.74) 0.567
RCFT copy -0.33 (-1.06, 0.40) 0.370 -0.46 (-0.69, -0.22) <0.001 0.13 (-0.32, 0.58) 0.564
SVLT immediate recall 0.60 (-1.79, 3.00) 0.615 -0.89 (-1.64, -0.14)   0.020 -0.12 (-1.55, 1.31) 0.868
SVLT delayed recall -0.04 (-0.26, 0.17) 0.702 -0.13 (-0.23, -0.03)   0.010 0.05 (-0.14, 0.24) 0.638
SVLT recognition 0.44 (-1.00, 1.88) 0.543 -0.91 (-1.56, -0.26)   0.007 -0.35 (-1.60, 0.90) 0.588
RCFT immediate recall 0.01 (-0.34, 0.35) 0.967 -0.24 (-0.37, -0.11) <0.001 -0.01 (-0.26, 0.24) 0.928
RCFT delayed recall 0.02 (-0.33, 0.38) 0.892 -0.28 (-0.42, -0.13) <0.001 -0.12 (-0.41, 0.17) 0.415
RCFT recognition 0.29 (-1.09, 1.68) 0.670 -0.24 (-0.85, 0.37)   0.434 0.08 (-1.09, 1.25) 0.897
COWAT animal -0.34 (-2.28, 1.60) 0.729 -1.17 (-1.99, -0.36)   0.006 0.98 (-0.58, 2.54) 0.225
COWAT supermarket 0.50 (-1.73, 2.73) 0.656 -1.71 (-3.12, -0.30)   0.018 1.41 (-1.33, 4.15) 0.318
COWAT phonemic -1.80 (-6.51, 2.92) 0.448 -2.08 (-4.23, 0.06)   0.057 3.37 (-0.70, 7.44) 0.113
Stroop color reading -5.63 (-22.40, 11.15) 0.504 -6.35 (-11.19, -1.51)   0.011 7.43 (-1.58, 16.44) 0.113
DSC -4.90 (-14.42, 4.62) 0.307 -5.47 (-8.01, -2.93) <0.001 -0.46 (-5.22, 4.30) 0.851
K-TMT-E-B time 32.15 (-21.75, 86.05) 0.237 21.02 (-3.88, 45.92)   0.095 4.02 (-44.15, 52.19) 0.871
MMSE -0.83 (-2.73, 1.08) 0.388 -2.04 (-2.87, -1.22) <0.001 -0.32 (-1.96, 1.32) 0.695
CDR sum of boxes 0.29 (-0.67, 1.25) 0.542 1.05 (0.65, 1.46) <0.001 -0.29 (-1.07, 0.49) 0.467
β, beta coefficient; CDR, Clinical Dementia Rating; CI, confidence interval; COWAT, Controlled Oral Word Association Test; DSC, Digit Symbol Coding; K-BNT, Ko-
rean version of the Boston Naming Test; K-TMT-E-B, Korean Trail Making Test-Elderly version part B; MMSE, Mini-Mental State Examination; RCFT, Rey-Osterri-
eth Complex Figure Test; SVLT, Seoul Verbal Learning Test.
The terms for time were defined as 0 for baseline and 1 for 12-month follow-up.
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While the biological mechanisms underlying the effects of 
muscle relaxation are not established, it is thought that the ef-
fects are a result of the activation of arterial and venous blood 
flow in the lymphatic system, stimulation of vagal activity, and 
reduction in cortisol levels.39 

This study has some limitations. First, the effects of EAM on 
cognitive and non-cognitive symptoms were modest, especially 
since we did not correct for multiple comparisons, which might 
lead to concerns for type I error. However, considering that this 
was an exploratory study, a multiple comparison correction 
might have missed important associations in the early stages of 
the analysis. Nevertheless, further confirmatory investigations 
with a larger sample size will be necessary to confirm our re-
sults. Second, while DST-backward scores showed improve-
ment, scores for DST-forward, which is also known to mea-
sure attention levels, did not show improvement. Previous 
studies dissociated DST-backward from DST-forward such 
that while both DST-forward and DST-backward evaluate 
short-term memory, DST-backward requires an additional at-
tention-demanding transformation of digit sequence and thus 

measures levels of working memory.40,41 Third, non-cognitive 
functions were assessed using subjective questionnaires. Since 
participants cannot be blinded to their allocated treatment, we 
cannot guarantee that the subjective improvement in sleep 
quality was not due to a placebo effect. Since this is an explor-
atory study, exploring the possible effects of EAM on various 
phenotypes (cognitive symptoms, non-cognitive symptoms, 
brain structural changes, and brain functional changes), fur-
ther confirmatory studies using objective measurements of 
sleep quality, such as polysomnography, are required to address 
this issue. In order to accurately assess the effect of EAM on vari-
ous symptoms of AD patients, an ideal study design would in-
clude a positive control using a dummy massage device. How-
ever, given the lack of biomechanistic studies of EAM, sham 
massage devices may also cause non-specific effects in the con-
trol group. 

This is the first study to investigate the effects of muscle relax-
ation in subjects with AD spectrum disorders. This study re-
vealed attenuation of changes in working memory and sleep 
quality in patients with AD spectrum disorders after receiving 

Table 3. Results of the Linear Mixed Effect Model for Questionnaires

Questionnaire
Group effect Time effect Group×time

β (95% CI) p value β (95% CI) p value β (95% CI) p value
PSQI-K total score -0.04 (-0.16, 0.08) 0.468  0.01 (-0.02, 0.04) 0.463 0.0007 (-0.05, 0.05) 0.983

Sleep quality -0.04 (-0.17, 0.09) 0.523    0.03 (-0.003, 0.07) 0.074    -0.08 (-0.15, -0.001) 0.032
Sleep latency -0.33 (-0.81, 0.16) 0.182 -0.04 (-0.17, 0.10) 0.577 -0.05 (-0.30, 0.20) 0.724
Sleep duration  0.02 (-0.07, 0.10) 0.694 -0.01 (-0.04, 0.02) 0.641  0.02 (-0.03, 0.07) 0.513
Sleep disturbance -0.01 (-0.23, 0.21) 0.907 -0.06 (-0.14, 0.02) 0.168  0.04 (-0.11, 0.19) 0.654

K-GDS-30 -0.40 (-0.89, 0.08) 0.103 -0.10 (-0.22, 0.03) 0.121 -0.03 (-0.26, 0.20) 0.831
K-GAI -0.32 (-0.72, 0.07) 0.107  -0.19 (-0.30, -0.07) 0.002 -0.06 (-0.29, 0.17) 0.615
Stress inventory -0.03 (-0.08, 0.03) 0.305    -0.02 (-0.03, -0.001) 0.038 -0.01 (-0.04, 0.02) 0.388
β, beta coefficient; CI, confidence interval; K-GAI, Korean version of the Geriatric Anxiety Inventory; K-GDS, Korean version of the Geriatric Depression Scale; 
PSQI-K, Korean version of the Pittsburgh Sleep Quality Index.
The terms for time were defined as 0 for baseline, 1 for 6-month, and 2 for 12-month follow-up.

Table 4. Results of the Linear Mixed Effect Model for Regional Cortical Thickness and Hippocampal Volume

Cortical region
Group effect Time effect Group×time

β (95% CI) p value β (95% CI) p value β (95% CI) p value
Lt. cingulate thickness -0.06 (-0.17, 0.04) 0.233 -0.03 (-0.06, -0.002)   0.036 0.02 (-0.04, 0.07) 0.601
Rt. cingulate thickness 0.01 (-0.08, 0.10) 0.789 -0.05 (-0.07, -0.02) <0.001 0.01 (-0.03, 0.06) 0.544
Lt. frontal thickness -0.04 (-0.11, 0.02) 0.198 -0.04 (-0.06, -0.02) <0.001 0.001 (-0.04, 0.04) 0.943
Rt. frontal thickness -0.02 (-0.08, 0.04) 0.491 -0.04 (-0.06, -0.02) <0.001 0.01 (-0.02, 0.05) 0.399
Lt. parietal thickness -0.04 (-0.14, 0.05) 0.376 -0.06 (-0.08, -0.03) <0.001 0.01 (-0.04, 0.06) 0.581
Rt. parietal thickness -0.01 (-0.10, 0.08) 0.859 -0.05 (-0.06, -0.03) <0.001 -0.005 (-0.04, 0.03) 0.782
Lt. temporal thickness -0.05 (-0.14, 0.04) 0.260 -0.07 (-0.09, -0.04) <0.001 -0.000008 (-0.05, 0.05) 0.999
Rt. temporal thickness -0.03 (-0.12, 0.06) 0.532 -0.06 (-0.08, -0.04) <0.001 0.01 (-0.04, 0.05) 0.664
Lt. occipital thickness -0.003 (-0.11, 0.10) 0.954 -0.07 (-0.10, -0.04) <0.001 0.02 (-0.04, 0.08) 0.546
Rt. occipital thickness 0.01 (-0.08, 0.11) 0.778 -0.05 (-0.07, -0.03) <0.001 0.02 (-0.02, 0.07) 0.309
Lt. hippocampal volume 42.72 (-275.9, 361.4) 0.788 -116.39 (-200.6, -32.2)   0.008 43.30 (-126.0, 212.6) 0.609
Rt. hippocampal volume -12.77 (-344.7, 319.2) 0.939 -111.22 (-201.3, -21.1)   0.017 61.50 (-119.1, 242.1) 0.496
β, beta coefficient; CI, confidence interval; Lt, left; Rt, right.
The terms for time were defined as 0 for baseline and 1 for 12-month follow-up.
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EAM, and EAM was well tolerated by patients with AD spectrum 
disorders. While further studies in a clinical setting are needed 
to support our findings, these encouraging results suggest that 
EAM may be an alternative therapy for the management of as-
sociated symptoms in AD.
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