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Abstract
Introduction: After Alzheimer’s disease, frontotemporal lo-
bar degeneration (FTLD) is the second most common form
of early-onset dementia. Despite the heavy burden of care
for FTLD, pharmacological and non-pharmacological treat-
ments with sufficient efficacy remain scarce. This study
aimed to evaluate the feasibility of a multimodal exercise
program for FTLD and to examine preliminary changes in
the clinical outcomes of the program in FTLD.Methods: This
single-arm preliminary study was conducted from July 2017
to July 2018 and recruited 4 male patients with FTLD aged
60–78 years. Patients exercised under the supervision of an
exercise instructor once every 2 weeks for 48 weeks. The
multimodal exercise program comprised cognitive training,
moderate-intensity continuous training, strength training,
balance training, and flexibility and relaxation training.
Feasibility was measured using dropout and attendance
rates. Cognitive, psychological, physical, and behavioral

function tests were conducted before and after the inter-
vention. Results: All patients completed the intervention
(100%) and attended well (93.6%). Positive changes in scores
in the Stroop Color-Word Test (cognitive; 5 out of 6 items),
Mood Check List-short form 2 (psychological), movement
subscales of the Stereotypy Rating Inventory (behavioral),
and Timed Up and Go (TUG, physical) assessments dem-
onstrated a medium-to-high effect size (open effect size:
0.52–0.97). While there were improvements in some do-
mains, such as recovery self-efficacy and exercise efficacy,
the MMSE-J scores showed an overall slight decline, espe-
cially in the semantic dementia case where a marked de-
crease was observed. Additionally, three physical function
items showed no effect, except for a positive outcome in the
TUG test. Functional near-infrared spectroscopy revealed
increased activation in the frontal lobe, indicated by ele-
vated oxygenated hemoglobin levels before and after the
exercise intervention. This pattern of activation suggests
that the intervention may have stimulated neural activity in
the frontal lobe, potentially enhancing cognitive and be-
havioral functions, including executive function and atten-
tion. Conclusion: The long-term multimodal exercise in-
tervention may be feasible and positively change the
cognitive, psychological, physical, and behavioral functions
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in older adults with FTLD. Although the intervention led to
improvements in certain areas, there were also declines
observed in various functions, which may not necessarily be
due to the intervention itself but rather reflect the natural
progression of the disease. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Frontotemporal lobar degeneration (FTLD) is the
second most common form of early-onset dementia in
individuals aged <65 years, following Alzheimer’s disease
[1]. It is classified into three types: behavioral variant
frontotemporal dementia (bvFTD), semantic dementia
(SD), and progressive nonfluent aphasia [2, 3]. FTLD is a
challenging form of dementia because of its unique
clinical symptoms, such as disinhibition, apathy, and
ritualistic behavior [4]. FTLD primarily affects patients
with early-onset dementia, creating significant challenges
for caregivers and imposing substantial economic and
emotional burdens on both families and healthcare
systems [5]. Nevertheless, no effective pharmacological or
non-pharmacological treatments for FTLD have been
established to date.

Non-pharmacological interventions for dementia ap-
pear promising, and exercise-based interventions are
particularly effective [6–9]. Exercise-induced expression
of brain-derived neurotrophic factors is considered to
promote neural regeneration, improve glucose tolerance
and insulin resistance, and activate the frontal lobes,
which are the mechanisms underlying dementia
prevention [10].

Memory, motor function (excluding FTLD-motor
neuron disease), and visuospatial cognitive function are
preserved in patients with FTLD [11]; therefore, tasks
based on motor function can be easily introduced [12].
Additionally, symptoms of heightened susceptibility to
environmental influences may make exercise a habit and
incorporate it into regular activities, a strategy known as
routine-based therapy [13]. Despite reports of exercise-
based interventions for Alzheimer’s disease [14], only a
few case reports on such interventions for FTLD are
available [15, 16]. Multimodal intervention is reportedly
effective for dementia [17]. However, previous studies
primarily involved short- to medium-term (12–24 weeks)
interventions and unimodal training. Notably, the effi-
cacy of long-term and multimodal interventions, spe-
cifically in FTLD, is largely unknown. Moreover, re-
searchers have not indicated the outcomes, except for
physical function, in multiple patients with FTLD. While

certain types of exercise may help alleviate specific
symptoms of FTLD, these benefits are often restricted to a
limited range of symptoms. To address the full spectrum
of FTLD manifestations, a multimodal approach is
necessary. Unlike single exercise types, a multimodal
regimen can engage and stimulate multiple brain regions,
potentially offering broader and more comprehensive
therapeutic benefits.

The present study aimed to investigate in clinical
outcomes following a long-term multimodal exercise
intervention for FTLD. Specifically, we sought to evaluate
the feasibility of the program and assess preliminary
effects on cognitive, psychological, physical, and behav-
ioral functions. We hypothesized that the exercise in-
tervention would be feasible and would lead to im-
provements across these domains. Regarding functional
near-infrared spectroscopy (fNIRS), we anticipated that
the intervention would increase activation in the pre-
frontal cortex, given its central role in cognitive control
and physical coordination. As this was a preliminary
study, the intervention was initially applied to a small
sample.

Methods

Study Design
This 48-week single-arm study was conducted at the

University of Tsukuba Hospital in Tsukuba City, Ibaraki,
Japan, from July 2017 to July 2018. The intervention
involved physical exercise for patients with FTLD. A
single-arm design without a control group was adopted
because the study was preliminary. The study protocol
followed the tenets of the Declaration of Helsinki was
approved by the Ethics Committee of University of
Tsukuba Hospital (approval number: H30-228) and was
registered in the UMIN Clinical Trials Registry (No.
UMIN000035097).

Participants
Patients with FTLD were recruited according to the

FTLD criteria for bvFTD and SD [18, 19]. We did not
limit recruitment to specific subtypes of FTLD; however,
most participants who met the inclusion criteria were
diagnosed with the bvFTD or SD, which is why these two
subtypes were primarily represented in the study. The
inclusion criteria were as follows: (i) age >60 years, (ii)
ambulatory status with or without assistance, and (iii)
ability to tolerate functional testing and exercise. The
exclusion criteria were as follows: (i) terminal disease and
(ii) major musculoskeletal conditions (e.g., severe joint
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disorders, fractures, or chronic pain syndromes), cardio-
vascular conditions (e.g., congestive heart failure, severe
hypertension, or recent heart attacks), or other neuro-
logical conditions (e.g., stroke, epilepsy, or advanced
Parkinson’s disease) precluding exercise. Table 1 presents
the patients’ characteristics. Four male patients with FTLD
met the eligibility criteria and were enrolled in the study.
Among these, 3 patients had bvFTD, whereas 1 had SD.

Intervention
The intervention program was provided under the

following conditions: (i) participation with a partner
(required but without specific guidance to partner), (ii)
individualized exercise instructions, and (iii) a combi-
nation of regular hospital and home exercises. The pa-
tients engaged in a multimodal exercise program, which
comprised cognitive training, moderate-intensity con-
tinuous training (MICT) [20], strength training, balance
training, and flexibility and relaxation training. An ex-
ercise instructor provided the one-on-one program in a
medically supervised university hospital for 60 min per
day, once every 2 weeks, for 48 weeks.

The program included a 5-min warm-up, 10 min of dual
task training, 10–30 min of MICT (on rowing ergometer;
Technogym, Japan) at 40%–70% heart rate (HR)peak,
10–30 min of strength training, 10 min of balance training,
and 5-min flexibility and relaxation. Table 2 shows the
details of the multimodal exercise program. All exercises
were performed at a moderate intensity (rate of perceived

exertion [21] of 11–13 and 40%–70%HRpeak by Polar A360
[Polar Electro., Kemple, Finland]). The patients were
provided with home-based exercises (one type of exercise
program per month: strength training, aerobic exercise,
flexibility, and relaxation) tailored to their fitness level and
instructed to perform them regularly.

Feasibility Assessment
The feasibility of the exercise program in the hospital

used the dropout rate (proportion of patients who did not
complete the post-intervention assessment), attendance rate
(number of attendances/total number of sessions), diary
review, and exercise persistence status (i.e., incorporation of
exercise into daily life). The patients were instructed to
record their daily exercises and impressions of the program
in a printed diary. An exercise instructor reviewed each
diary to assess the exercise routine at home and the patients’
impressions of the program. We evaluated the exercise
persistence status with home exercise adherence rate from
the diary (percentage of exercise days, divided by scheduled
exercise date), action plans [22], recovery self-efficacy (Re-
SE) [23], and exercise self-efficacy [24].

Outcome Assessments
All outcome measures were assessed before and after the

48-week intervention by trained staff members, including a
clinical psychologist. The following items were investigated:
anthropometric variables, self-reported measures of physical
function [25, 26], cognitive function [27–29], psychological

Table 1. Characteristics of the participants

Patient A Patient B Patient C Patient D

Demographics and anthropometrics
Sex Male Male Male Male
Age, years 60 77 61 78
Height, cm 181.0 159.8 173.9 159.8
Weight, kg 90.1 56.0 71.2 52.0
Body mass index, kg/m2 27.5 21.9 23.5 20.4
Barthel index, points 85 85 95 100

Education, years 16 12 12 12

Diagnosis bvFTD bvFTD bvFTD SD

Duration, years 1.0 2.5 4.3 4.0

Medical history
Diagnosed comorbidities, na 3 3 1 4
Prescribed medications, nb 5 6 2 10

Data are shown as mean (standard deviation) for continuous variables. bvFTD, behavioral variant frontotemporal dementia; SD,
semantic dementia. aPreviously diagnosed conditions and conditions identified within physician screen at baseline assessment.
bNumber of medications including prescribed supplements.
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functions [30, 31], physical function tests [32–35], behavioral
function [23, 24, 36], and fNIRS. Details of outcomemeasures
are described in the online supplementary materials (for all
online suppl.material, see https://doi.org/10.1159/000542994).
A description of fNIRS is provided in the next section.

Functional Near-Infrared Spectroscopy
fNIRS was used to assess frontal lobe function. fNIRS

measurements were performed during a modified serial
number task (Fig. 1). The patients performed subtraction
drills (five questions, 20 s each) that appeared on the
monitor. A 40 s rest interval was allowed between each task,
during which patients were instructed to pronounce non-
sense vowels (a, i, u, e, and o). fNIRS data were collected
using a continuous three-wavelength fNIRS LABNIRS 67ch
system with an entire head holder (Shimadzu, Japan).
Subsequently, we arranged 54 channels to measure the
dorsolateral prefrontal, parietal, somatosensory, and fore-
head regions [37]. We digitized each patient’s channel
position using the Fastrak 3D digitizer (Polhemus, USA)
and inputted the data into the standard brain model. Next,
we obtained the Montreal Neurological Institute coordinate

outputs using the NIRS-SPM software Ver. 4 (Department
of Bio and Brain Engineering, KAIST, Korea) to extract
brain anatomical information frommeasurement channels.
The NIRS system measured oxyhemoglobin (HbO) and
decreased deoxyhemoglobin levels following changes in
their cortical concentration based on the modified Beer-
Lambert law.

Statistical Analysis
Values are expressed asmeans and standard deviations at

baseline. The 48-week changes in all outcome measures are
expressed as means, standard deviations, and effect sizes

Table 2. Multimodal exercise program

Menu Contents

Warm-up (5 min) • 2 min of mobility and range of motion exercises for every joint in the body
• 2 min of low- to moderate-intensity aerobic movements using legs and arms
• 1 min of dynamic flexibility

Dual task training (10 min) • 12 cognitive programs based on dual task (1 type of program/month)
• Examples: While bending the fingers of one hand in order, bend the fingers of the other hand in

reverse order, calculate while stepping in place, clap on multiples of three while stepping in
place

MICT program (10–30 min) • Week 1–4 : 50% of HRpeak, 10 min (intensity, time)
• Week 5–12: 50% of HRpeak, 20 min (intensity, time)
• Week 13–20: 50% of HRpeak, 30 min (intensity, time)
• Week 21–28: 60% of HRpeak, 30 min (intensity, time)
• Week 29–36: 65% of HRpeak, 30 min (intensity, time)
• Week 37–48: 70% of HRpeak, 30 min (intensity, time)

Strength training
(10–20 min)

• 12 strength programs (1 type of program/month)
• Examples: upper limbs: arm curls, shoulder press (using a machine), trunk: plank, hip lift, lower

limbs: squats, leg curls (using a machine)

Balance training (10 min) • 12 balance programs (1 type of program/month)
• Examples: single-leg knee raise, tandem stance, tandem walk, heel-to-toe walk, exercise ball

program (sitting, sit up on the ball, etc.)

Flexibility and relaxation
(5 min)

• Flexibility training: stretching exercises, yoga, or Pilates focused on increasing flexibility,
reducing muscle stiffness, and enhancing overall mobility

• Relaxation training: deep breathing exercises, progressive muscle relaxation, or meditation,
designed to help participants relax both their body and mind

MICT, moderate-intensity continuous training.

Fig. 1. Modified serial number task.
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(Cohen’s d) to better interpret the intensity of within-group
changes. Data were analyzed using IBM SPSS Statistics for
Windows version 22 (IBM Corp., Armonk, NY, USA).
fNIRS data analysis was conducted using the NIRS-SPM
software operated in the MATLAB environment (Math-
Works, Natick, MA, USA) [38]. In the analyzing process,
after removing artifacts due to bodymovement, a predictive
model of HbO and deoxyhemoglobin response was gen-
erated based on the general linear model to examine the
transition of brain activity sites before and after exercise
intervention. SPM t-statistic maps were created with sig-
nificance for HbO set at p < 0.01.

Results

After 48 weeks, all patients completed the post-
intervention assessments, with a mean attendance rate
of 93.6% (range, 88.2–100%). Based on a diary review,
positive opinions included “exercise refreshes the mood,”
“exercise has become a habit,” and “exercise is fun.”
Negative opinions included “exercise makes me a little
tired.” The program ended without injuries or other
adverse events. The home exercise adherence rate based

on the information in the diaries was 68.5% (range,
60.8–77.7%), and the diary collection rate (percentage of
activity diaries successfully collected from participants)
was 83.1% (range, 54.5–100.0%). Participants were in-
structed to submit their activity diaries on a monthly
basis.

Table 1 presents the characteristics of the participants.
The Barthel index scores were as follows: participants A
and B both scored 85 points, participant C scored 95
points, and participant D achieved a perfect score of 100
points.

Table 3 presents the cognitive and psychological
function values before and after the intervention. The
changes in MMSE-J scores before and after the inter-
vention showed improvement in two out of three cases
of bvFTD, with scores increasing from 25 to 28 and
from 23 to 25, respectively. However, in the third case
of bvFTD, the score slightly decreased from 23 to 22. In
contrast, the SD case exhibited a strongly decline, with
the score dropping from 12 to 3. Overall, the MMSE-J
scores reflected a small deterioration, indicating a small
effect. Similarly, the FAB scores showed a slight overall
decline. In the SCWT results, five items showed im-
provement, while one item showed deterioration.

Table 3. Cognitive and psychological functions following 48-week exercise program (N = 4)

Outcomes Pre Post Cohen’s d The range of pre-post differences

patient A patient B patient C patient D

Cognitive functions
MMSE, points 20.8 (5.9) 19.5 (11.3) 0.15 3.0 2.0 −1.0 −9.0
FAB, points 11.3 (3.6) 10.5 (5.6) 0.17 3.0 1.0 −4.0 −3.0
SCWT
Control condition

Reaction time, ms 666.9 (42.1) 663.3 (96.6) 0.05 0.2 −92.6 −32.8 110.5
Number of errors, n 38.0 (10.6) 37.0 (12.2) 0.09 3.0 9.0 −26.0 10.0

Match condition
Reaction time, ms 663.3 (52.4) 670.6 (73.1) 0.12 −0.8 −19.2 −2.2 51.4
Number of errors, n 39.5 (9.4) 37.2 (9.6) 0.24 0.0 −1.0 −19.0 11.0

Mismatch condition
Reaction time, ms 672.8 (47.6) 621.1 (7.9) 0.52 4.4 −85.7 −37.1 −88.4
Number of errors, n 43.5 (3.7) 43.0 (10.6) 0.06 −10.0 11.0 −13.0 10.0

Psychological functions
MCL-S.2

Pleasantness 17.2 (7.2) 21.9 (6.6) 0.68 2.6 4.5 −1.0 8.4
Relaxation 17.3 (6.9) 21.9 (6.0) 0.71 3.3 2.5 −0.7 8.0
Anxiety 11.7 (6.5) 10.3 (6.7) 0.21 −0.3 1.0 −0.5 −2.6

GDS, points 3.3 (2.6) 1.8 (1.7) 0.68 −3.0 3.0 −1.0 −5.0

Data are presented as mean (standard deviation) and frequency (percentage) for categorical variables. MMSE, Mini-Mental State
Examination; FAB, Frontal Assessment Battery; SCWT, Stroop Color-Word Test; MCL-S.2, the Mood Check List-short form 2; GDS-S-J,
the Geriatric Depression Scale-Short Version-Japanese.
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Despite these changes, most of the effect sizes were
small, except for one improvement with a medium
effect size of d = 0.52 in the mismatch condition (re-
action time). The MCL-S.2 results showed three im-
provements, with two items – pleasantness and
relaxation – exhibiting medium effect sizes of d = 0.68
and d = 0.71, respectively. Another item showed a small
effect on anxiety. The GDS results indicated an im-
provement with a medium effect size of d = 0.68.

Table 4 presents the behavioral and physical function
values before and after the intervention. All patients
reported that the exercise regimen became an integrated
part of their daily lives following the intervention. Both
Re-SE and exercise efficacy showed significant im-
provements, with large effect sizes (d > 0.8). In the SRI
results, overall stereotypical behaviors slightly decreased.
However, specific increases were noted in areas such as
eating, cooking, and speaking, while reductions were
observed in roaming, movement, and daily rhythm
(Cohen’s d = 0.56–0.71). For physical function, three
items showed no effect, but one item demonstrated a
positive effect on the TUG test (Cohen’s d = 0.68).
Figure 2 shows the fNIRS results of patients. After the
intervention, activation of the frontal lobe was observed
in all patients.

Discussion

The current study evaluated the feasibility of the
exercise program and observed changes in the clinical
outcomes of a long-term multimodal exercise inter-
vention for FTLD. We hypothesized that the exercise
program is feasible and may positively change the
cognitive, psychological, physical, and behavioral
functions of individuals with FTLD. Our preliminary
findings largely supported the hypothesis, showing
improvements in specific areas. However, declines
were also observed in several functions, which may
not necessarily be attributable to the intervention
and could instead reflect the natural progression
of FTLD.

Program Feasibility
The exercise program in the study might be feasible for

the following reasons. The attendance and dropout rates
were notably high at 93.6% and 0%, respectively, whereas
the home exercise adherence rate was seemed moderately
high (68.5%). Considering the characteristic regional
atrophy of the frontal and temporal lobes in FTLD [39],
patients usually experience difficulty while continuously
participating in exercise programs. For example, atrophy

Table 4. Behavioral and physical functions following 48-week exercise program (N = 4)

Outcomes Pre Post Cohen’s d The range of pre-post differences

patient A patient B patient C patient D

Behavioral functions
Integration into lifestyle pattern,
yes, n

2 (50.0%) 4 (100.0%) 1.0 0.0 0.0 1.0

Time of exercise, regularly scheduled,
yes, n

2 (50.0%) 4 (100.0%) 1.0 0.0 0.0 1.0

Recovery self-efficacy 2.3 (1.5) 3.5 (1.3) 0.86 2.0 1.0 0.0 2.0
Exercise self-efficacy 9.0 (2.7) 15.0 (8.3) 0.97 2.0 15.0 7.0 0.0
SRI total 10.5 (9.0) 10.3 (6.1) 0.03 7.0 11.0 −16.0 −3.0

Eating and cooking 0.8 (1.5) 2.0 (4.0) 0.40 5.0 0.0 0.0 0.0
Roaming 2.5 (3.0) 2.0 (4.0) 0.56 0.0 4.0 −6.0 0.0
Speaking 2.0 (2.8) 3.8 (1.7) 0.78 2.0 4.0 −2.0 3.0
Movements 1.5 (3.0) 0.0 (0.0) 0.71 0.0 0.0 −6.0 0.0
Daily rhythm 3.8 (2.9) 2.5 (1.7) 0.55 0.0 3.0 −2.0 −6.0

Physical functions
Grip strength, kg 30.42 (8.20) 29.76 (8.08) 0.08 3.9 −0.5 −4.7 −1.3
One-leg stance, s 36.18 (27.35) 38.37 (25.48) 0.08 1.3 −9.3 0.0 16.8
Timed Up and Go, s 7.36 (1.16) 6.54 (1.27) 0.68 −0.9 4.2 −1.1 −1.7
Usual gait speed, s 3.96 (1.23) 3.98 (0.75) 0.02 −0.3 −0.9 0.2 1.1

Data are shown as mean (standard deviation) for continuous variables and frequency (percentage) for categorical variables. SRI,
the Stereotypy Rating Inventory.
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Fig. 2. Results of near-infrared spectroscopy (NIRS)-SPM analysis.
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of the anterior cingulate cortex is associated with apathy
in FTLD, and dysfunction of the right temporal lobe is
linked to disinhibition [40]. However, we obtained high
attendance, low dropout rates, and home exercise ad-
herence rates, which were established in daily life. All
patients reported that they could integrate exercise into
their daily lives and that their exercise time was regularly
scheduled after the intervention. Furthermore, Re-SE and
exercise self-efficacy showed positive changes. Patients’
feedback on the multimodal exercise intervention was
generally positive. The exercise program in the study
could be selected according to an individual’s level of
fitness, and exercise at home was established according to
individual characteristics. Additionally, the exercise in-
structor supported the exercise continuation at home,
providing feedback on the diary (encouragement and
praise). Therefore, this exercise programmight have been
more acceptable to the patients.

The presence of partners who provided support for the
exercise intervention might have been important. For
people with dementia, interventions with a partner have
the potential to enhance well-being and satisfaction for
both the partner and patient [41, 42]. For those with
FTLD, activity-based interventions with a partner have
also been suggested to alleviate behavioral symptoms
[43]. Particularly in FTLD, it is crucial to provide fixed
caregiver support owing to the symptoms of heightened
susceptibility to environmental influences [44]. Partici-
pation in the exercise program with a partner would be
considered to play an important role in this study.

FTLD is often challenging to manage due to its
characteristic symptoms, such as stereotypic behavior
and disinhibition. In this study, however, we im-
plemented a 48-week exercise program for FTLD, which
appeared feasible under the following conditions: (i)
participation with a partner, (ii) individualized exercise
instructions, and (iii) a combination of regular hospital
and home exercises. Such feasibility may be attributed to
the management of the symptom of heightened sus-
ceptibility to environmental influences.

Changes in Frontal Lobe Function
In fNIRS, frontal lobe activation was visually observed

before and after the exercise intervention. Previous fNIRS
and MRI studies reported that an exercise intervention
activated the frontal lobes in cognitively normal individuals
and patients with MCI/AD [45, 46]. However, there are no
reports on FTLD. This is the first report on FTLD to
demonstrate that exercisemay effectively activate the frontal
lobes, even in FTLD cases in which the frontal lobes have
degenerated and become atrophied. Furthermore, positive

changes were observed in items related to the frontal lobe,
such as cognitive function emotion. These findings suggest
that the frontal lobe activation induced by the exercise
intervention may be involved in the effects on cognitive,
behavioral, psychological, and physical functions, as dis-
cussed in detail below.

Changes in Cognitive Functions
The SCWT is a cognitive function test that assesses

frontal lobe function [47]. While the SCWT results suggest
that exercise may have a beneficial effect on frontal lobe
function, the observed changes were not uniformly positive.
Specifically, out of six cases, five showed improvements, but
one case exhibited deterioration. The overall effects were
small, with only one improvement reaching amedium effect
size. The observed positive changes in SCWT scores before
and after exercise intervention are noteworthy results in
FTLD. Atrophy can be observed in the frontal and temporal
lobes, with specific symptoms in FTLD [48]. There were
also positive changes in global cognitive function. In pa-
tients with bvFTD, the MMSE-J scores after the inter-
vention were either improved or remained slightly de-
creased. In contrast, in the patient with SD, a marked
decrease was noted, possibly because of differences in the
pathophysiology of both diseases. Specifically, in SD where
semantic dysfunction is the primary symptom [49, 50], even
mild disease progression may result in a greater loss of
points on the MMSE-J, a test strongly influenced by the
degree of language comprehension. While previous studies
have reported the effects of exercise interventions on
physical function, changes in cognitive function through
exercise intervention have not been previously documented
on FTLD [46].

Changes in Psychological Functions
Our findings suggest that multimodal exercise inter-

ventions positively influence psychological functions, par-
ticularly emotional functions. Previous studies have re-
ported that physical activity and exercise may improve the
psychological symptoms of dementia [51]. In this study, the
positive changes in pleasant and relaxed emotions after the
intervention may be attributed to exercise, even in patients
with FTLD. Despite reports of changes in emotional ex-
pression (blunting of emotions) in FTLD, particularly in
bvFTD and SD [52], changes in emotions before and after
exercise intervention in FTLD remain unknown.

Changes in Behavioral Functions
After the multimodal exercise intervention, changes in

stereotypical behavior were observed in patients with
FTLD. In SRI, we observed a positive change in roaming,
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movement, and daily rhythm, with a moderate effect size,
particularly for movement. It should also be noted that
two dimensions of stereotypical behavior – speaking and
eating and cooking – worsened, and the overall sum score
of SRI did not change significantly. Nevertheless, the
beneficial changes in motion-related items (roaming,
movement, and daily rhythm) are noteworthy and
considered an outcome of the intervention. To our
knowledge, changes in SRI through exercise intervention
have not been previously reported in FTLD.

Changes in Physical Functions
Based on our study findings, multimodal exercise

intervention may positively affect physical function in
patients with FTLD. Previous studies have shown that
exercise intervention improves physical function in pa-
tients with bvFTD [15, 16]. In our study, a positive change
was observed in the Timed Up and Go (TUG) test;
however, the other three physical function measurements
did not show any significant effects. While these pre-
liminary findings are promising for TUG, they should be
interpreted cautiously in the context of the overall
physical function results. The effect of exercise inter-
vention might have been easier to achieve as FTLD
usually has an early-onset, and the patients report rela-
tively well-preserved physical fitness.

Strengths and Limitations
The strength of this study lies in being the first long-

termmultimodal exercise intervention for FTLD globally.
This is the first study to conduct a 48-week exercise
intervention in multiple cases of FTLD, which is con-
sidered difficult to manage, and to evaluate the effect of
exercise intervention from multiple perspectives. How-
ever, it is important to interpret the results cautiously
because of the limited sample size and single-arm nature
of the study. Despite these limitations, this study con-
tributes to the emerging understanding of the potential
benefits of exercise interventions for FTLD, warranting
further research. This study was designed to observe
changes specific to FTLD before and after the inter-
vention by scientifically measuring various aspects of
patients, including cognition, physical, psychological, and
behavioral aspects. However, this study had some limi-
tations. First, the single-arm design, limited sample size,
and lack of a control group limit the ability to determine
the effectiveness of the intervention. Specifically, the lack
of a control group prevents comparison to confirm the
effects of the intervention. Determining the certainty of
the effects and causal relationships can be difficult.
Furthermore, assessing how changes over time and other

factors, such as learning effects, aging, and regression to
the mean, may influence the outcomes is challenging.
Second, we did not consider examination or evaluator
blinding. A lack of blinding may lead to a biased eval-
uation and assessment. Therefore, these issues should be
addressed in future studies. We intend to perform a small
pilot randomized controlled trial to obtain a less biased
effect size estimate. Specifically, the examination will
introduce randomization and blinding of the assessors.
Furthermore, we also aim to design a large-scale ran-
domized controlled trial to test the effectiveness of this
program on cognitive function.

Conclusion

This novel study reports the feasibility and changes in
clinical outcomes of long-term multimodal exercise for
FTLD. This multimodal exercise intervention is a feasible
program for patients with FTLD. Additionally, this in-
tervention might positively change clinical outcomes,
such as frontal lobe, cognitive, psychological, behavioral,
and physical functions in patients with FTLD. However,
further studies should use a randomized design to assess
the efficacy of multimodal exercise intervention on a
larger scale.
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