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Abstract

Background: Artificial intelligence—assisted interactive health promotion systems are useful tools for the management of
musculoskeletal conditions.

Objective: This study aimed to explore the effects of web-based video patient education and strengthening exercise therapy,
using a mobile messaging app, on work productivity and pain in patients with chronic low back pain (CLBP) receiving
pharmacological treatment.

Methods: Patients with CLBP were randomly allocated to either the exercise group, who received education and exercise
therapy using a mobile messaging app, or the conventional group. For patient education, a web-based video program was used
to provide evidence-based thinking regarding the importance of a cognitive behavioral approach for CLBP. The exercise therapy
was developed in accordance with the recommendations for alignment, core muscles, and endogenous activation, including
improvement of posture and mobility for proper alignment, stimulation and/or strengthening of deep muscles for spinal stability,
and operation of intrinsic pain for the activation of endogenous substances by aerobic exercise. Both groups continued to receive
the usual medical care with pharmacological treatment. The end points were changesin work productivity, pain intensity, quality
of life, fear of movement, and depression. The observation period for this study was 12 weeks. An analysis adjusted for baseline
values, age at the time of consent acquisition, sex, and willingness to strengthen the exercise therapy was performed.

Results: The exercise and conventional groups included 48 and 51 patients, with a mean age of 47.9 years (SD 10.2 years;
n=27, 56.3% male patients) and 46.9 years (SD 12.3 years, n=28, 54.9% male patients) in the full analysis set, respectively. No
significant impact of theseinterventions on work productivity was observed in the exercise group compared with the conventional
group (primary end point: Quantity and Quality method; 0.062 vs 0.114; difference between groups —0.053, 95% Cl —0.184 to
0.079; P=.43). However, the exercise group showed consistently better trends for the other end points than did the conventional
group. Compared with the conventional group, the exercise group showed a significant improvement in the symptoms of low
back pain (3.2 vs 3.8; difference between groups —0.5, 95% CI -1.1 to 0.0; P=.04), quality of life (EuroQoL 5 Dimensions 5
Level: 0.068 vs 0.006; difference between groups 0.061, 95% CI 0.008 to 0.114; P=.03), and fear of movement at week 12 (-2.3
vs 0.5; difference between groups —2.8, 95% CI -5.5t0 -0.1; P=.04).
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Conclusions: This study suggests that patient education and strengthening exercise therapy using a mobile messaging app may
be useful for treating CLBP. This study does not reveal the effect of therapeutic interventions on CLBP on work productivity.

Thus, further research is required to assess work productivity with therapeutic interventions.

Trial Registration:

University Hospital Medical Information Network Clinical Triads Registry UMIN000041037;

https://center6.umin.ac.jp/cgi-open-bin/ctr_elctr_view.cgi ?recptno=R000046866

(JMIR Mhealth Uhealth 2022;10(5):€35867) doi: 10.2196/35867
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Introduction

Background

Chronic low back pain (CLBP) is common in adults, with
preval ence rates as high as >80% [1,2]. In Japan, the low back
is the most common site for pain in 31% of Japanese adults
aged >20 years[3].

Low back pain (LBP) is associated with high disability. In the
Global Burden of Diseases, Injuries, and Risk Factors Study
2017, LBPranked highest in terms of yearslived with disability
among the 354 conditions studied over the period of 28 years
[4]. Recurrence of pain, limitation of activity, loss of
productivity, and work absenteeism contribute to the associated
huge socioeconomic burden of CLBP [5-7].

In a retrospective, cross-sectional study using the 2014 Japan
National Health and Wellness Survey data, 77.4% of 30,000
Japanese adults with CLBP reported presenteeism and had a
poor quality of life (QoL) compared with those without
presenteeism [8]. A cross-sectional survey of 392 patients with
CLBP in Japan estimated the costs for lost productivity as
approximately ¥1.2 trillion (US $10 billion) per year [7]. A
recent internet-based survey of 10,000 Japanese workers
reported that 36.8% of the participants had a health problem
that interfered with their work during the past 4 weeks. Among
the symptomsthat most affect presentism, neck pain or shoulder
stiffness, LBP, and mental illnesses accounted for approximately
35.7%. Theannualized costs of presenteeism per capitafor these
conditions were US $414.05, US $407.59, and US $469.67,
respectively [9].

Several studieshavereported that exercise alleviates CLBP and
disability [10-12]. Furthermore, exercise regimens have been
reported to reduce disability [13] and improve the QoL of
individuals with CLBP [14,15]. Patients with chronic pain,
including CLBP, exhibit various symptoms and signs as the
duration of the pain increases. When the pain lingers, it becomes
intractable and serious through a cyclical interaction with
psychosocial factors. Asillustrated by the fear-avoidance model
of pain, pain often involves catastrophizing when it becomes
intractable[16]. There are also several psychological treatments
or therapies for musculoskeletal symptoms [17]. In a study on
patients with CLBP, both groups—one that received only
exercise therapy and the other that received a combination of
cognitive behavioral therapy and exercise therapy—showed
improvementsin pain intensity and QoL compared with baseline
[18].

https://mhealth.jmir.org/2022/5/e35867

Despite these encouraging results, patients often show
noncompliance with exercise therapy. Perceptions of the
underlying illness and exercise therapy, lack of positive
feedback, and degree of helplessness are factors related to
noncompliance with exercise therapy [19]. In recent years,
digital devices have become popular for supporting exercise
therapy for musculoskeletal pain [20-22]. These digital devices
have been reported to improve adherence [23,24]. Most studies
have supported the role of digital interventions for LBP
alleviation [24-27].

The mobile messaging app Secaide (Travoss Co, Ltd) isadigital
device designed to enhancethe patient’sunderstanding of CLBP
and enable remote exercise therapy for more accessible and
personalized home-based pain management. The app was
nicknamed se - ca - ide by the self-care guide service. Secaide
also meansin the world when read in Japanese. The usefulness
of mobile messaging app—based interventions in managing neck
and/or shoulder stiffness and LBP is established in workersin
randomized controlled trials[28].

Objectives

Previous studies have not clarified the impact of intervention
in CLBPtreatment on presenteeism in patients. Asahypothesis,
we expected that therapeutic intervention for CLBP would have
a positive effect on presenteeism. This study aims to explore
the effects of patient education and strengthening exercise
therapy on work productivity, symptoms, and QoL in patients
with CLBP who were receiving medication and who continued
to experience pain despite treatment. In anew attempt, we used
web-based videos for patient education and amobile messaging
app to support the continuation of exercise therapy. Because of
the COVID-19 pandemic, we devised methods for study
continuation without any visitsto clinics by the interventionin
web-based remote exercisetherapy and by using patient-reported
outcomes (PROs) as an outcome evaluation method.

Methods

Study Design

Thiswas a multicenter, open-label, randomized, parallel-group
study conducted in Japan from June 2020 to March 2021 at 16
clinics (Multimedia Appendix 1). The main clinical specialty
of the 16 community-based clinicsincluded 8 (50%) orthopedic
facilities, 3 (19%) pain clinics, and 5 (31%) primary care
facilities. In this study, patients were followed up for 12 weeks
(Figure 1). Patients who met the dligibility criteria were
randomly assigned using a stochastic minimization procedure
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with allocation regulators, such as age (<45 or =245 years), sex  (yes or no).
(male or female), and willingness to enhance exercise therapy

Figure 1. Study design.
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Study Treatment, Education, and Therapy

The patientsreceived the prescribed pharmacol ogical treatment,
surgical treatment, and/or patient education and exercise therapy
for the management of CLBP.

Ethics Approval

The study was conducted in accordance with al theinternational
and local laws, the principles of the Declaration of Helsinki,
and the SPIRIT (Standard Protocol Items: Recommendations
for Interventional Trials) statement [29]. Written informed Pharmacological Treatment
consent was obtained from all patients before enrollment in the
study. The study protocol and all subsequent amendmentswere
approved by the institutional review board of Takahashi Clinic
(clinical research implementation plan MA2020-P-002). The
study was registered with the University Hospital Medical

Information about the use of medicationsfor pain was obtained
from an electronic medica record system (Mehix, Inc).
Pharmacological treatment included nonsteroidal
anti-inflammatory drugs, acetaminophen, weak opioids, blood
; = k X flow improvers, muscle relaxants, medicationsfor osteoporosis,
Information Network Clinica Trials Registry antidepressant drugs, steroids, antiepileptic drugs, and
(UMINO000041037). nerve-blocking agents, such as loca anesthetic drugs.
Study Population Medications were assessed at randomization; weeks 4, 8, and

Patients who met the following criteria were included in the 12; and study discontinuation.

study: (1) having LBP for >3 months, (2) aged 20 to 64 years, Surgical Treatment

(3) receiving prescribed pharmacol ogical treatment for the pain, Any surgeries for pain relief were recorded at randomization;
(4) not likely to experience any unexpected pain flare-ups for .o 4,8, and 12; and study discontinuation.

12 weeks, (5) able to walk independently, (6) engaging in work

for >3 days per week in either full-time or part-time capacity ~ Patient Education and Exercise Therapy

for >3 hours a day, and (7) having the skill and understanding A web-based video program was used to provide evidence-based
to operate mobile communications. The CLBP diagnosiswas  thinking regarding the importance of a cognitive behavioral
established by qualified practicing physicians. approach for patients with CLBP. The exercise therapy was

The key exclusion criteriawere asfollows: (1) aged >65 years, developed by Travoss Co, Ltd, in accordance with the
(2) having CLBP unrelated to amusculoskeletal condition, (3)  "€commendationsfor alignment, core muscles, and endogenous

with radiculopathy or constructive spinal deformity, (4) having ~ activation, including improvement of posture and mobility for
LBP with red flags (with chest pain, malignant tumor, HIV ~ Proper alignment, stimulation and/or strengthening of deep

infection, malnutrition, significant weight loss of >5% within  muscles for spinal stability, and operation of intrinsic pain for
1 month, extensive neurological symptoms, or fever of >37.5 the activation of endogenous substances by aerobic exercise
°C), (5) using over-the-counter medications for CLBP, (6) [30,31].

pregnant women and those who were willing to be pregnant  Secajde, a mobile messaging app for mobile communication
during the clinical trial period, (7) receiving steroids devicessuch assmartphonesand tablets, with download enabled
(intravenous injection or oral administration) or opioids, and by aQR code, isan aid to exercise therapy. In Japan, this mobile
(8) unable to understand the Japanese |anguage. messaging app is used for SM'S text messaging and voice calls
[28]. Patient education and exercise therapy announcements
were conducted as follows. The artificial intelligence—assisted
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chatbot was programmed to send messagesto userswith exercise
instructions and some tips on what they can do in their daily
livesto improvetheir symptoms. The messages were sent every
day at a fixed time through the LINE app (a smartphone app
widely used for sending and recelving SMS text messages,
images, and videos, and making voice calls in Japan; LINE
Corporation). The notification time can be changed by usersto
atime convenient for them. The exercise was performed during
the patient’s favorite time. The participants can complete their
exercise within approximately 1 to 3 minutes each day (Figures
2-4). During the first week, Secaide provided evidence-based

Itoh et al

thinking about the importance of a cognitive-behaviora
approach for CLBP to patient education. Secaide also provided
guidance to carry out six simple exercise menus for 60 days.
After the 14th, information on two types of exercise was
optionally added to patientswho desirefurther exercise. At each
clinic, the conventional group received only routine medical
care. In the exercise therapy group, in addition to the routine
medical care, patient education and strengthening of exercise
were provided. To avoid cross-contamination between the 2
groups, only the exercise group received patient education and
daily exercise therapy via Secaide (Figures 2-4).

Figure 2. Examples of exercises with instructions from the artificia intelligence—assisted health program (Secaide).

@ Ifyou watched "1. New commeon
sense to treat chronic low back pain
while exercising,”

Go to the next. -

i Go to thenext

@ Let's review "One Stretch,”

Take a look.

(.

3 4
Stand with your feet apart, slightly
wider than shoulders, and both toes
pointing straight ahead.

Place your hands on your pelvis.

o35 Go to the next.

0 Then there may be a difference
E between left and right back pain.
See “Exercises for this type of back
pain’, with sideways bends.

036

Go to the next
It's a gymnastic exercise that
puts your hand on the wall and
looks like this.

Take a look.

| Take alook.

Pull your elbows as close together as
possible, keeping your hands en your

Go to the next. pelvis.

— [0 K
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Figure 3. Exercise menu on Secaide.

a) One Stretch
(Standing Back Extension)

-

d) Hamstring Stretch
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b) Side One Stretch

] Lying Waist Twist

c) McKenzie Extension
(SeaLion Pose)

f) Arm Leg Raise
(Kneeling Superman)

IMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 | €35867 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Itoh et al

Figure 4. Exercise schedule on Secaide. a) One Stretch (Standing Back Extension), b) Side One Stretch, ) McKenzie Extension (Sea Lion Pose), d)
Hamstring Stretch, €) Lying Waist Twist, f) Arm Leg Raise (Kneeling Superman), m) Mindfulness, n) Questionnaire.
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Survey

All patients were required to respond to a web-based survey
that captured demographic and background information,
including occupation and exercise habits. Furthermore,
pharmacological and surgica treatment for CLBP and the
number of institutional visitsin the last 30 days were collected
at weeks 0 to 4, weeks 4 to 8, and weeks 8 to 12 and at study
discontinuation.

Adherence to the use of mobile messaging app—based exercise
therapy was measured by the rate of implementation (%),
calculated as follows: (access days/observation period)x100.
Category aggregation for the adherence rate was performed by
0% to 25%, by 25% to 50%, by 50% to 75%, and by =75%.
Assessments were made from the log information (date) of
Secaide and the PRO response date, that is, weeks 0 to 4, weeks
410 8, weeks 8 to 12, and weeks 0 to 12.

Study End Points

Primary End Point

The primary end point was the change in work productivity at
week 12. The work productivity was measured using the
Quantity and Quality method (QQ method), which evaluates
work productivity in terms of quality, quantity, and efficiency
and is an evaluation index for absenteeism [32].

Secondary End Points

The secondary end points were changes in work productivity
measured using the Work Productivity and Activity Impairment
Questionnaire: General Health (WPAI-GH) [33], CLBP and
shoulder tiffness (Numerical Rating Scale [NRS]) [34],

https://mhealth.jmir.org/2022/5/e35867

subjectiveratings of stiffnessand LBP on ascale of 1t05[28],
disease-specific QoL (Roland-Morris Disability Questionnaire
[RDQ-24]) [35,36], health-related QoL (EuroQoL 5 Dimensions
5 Level [EQ-5D-5L]) [37,38], fear of movement (Tampa Scale
for Kinesiophobia [TSK-11]) [39,40], degree of depression
(Kessler Screening Scalefor Psychological Distress[K-6]) [41],
drug use, and consultation status at medical institutions. All the
secondary end points were measured at baseline and week 12.
In addition, changes in LBP and drug use were measured at
weeks 4 and 8 during the study period.

Statistical Analysis

The data related to changes in WPAI-GH in a 6-week
randomized study of patients with LBP were used to calculate
the sample size of 100 participants [42]. The required sample
sizeinthis study was estimated to be 90 patientsfor 80% power
at anintergroup difference of 2.7, acommon SD of the 2 groups
of 4.5, and an a level of .05, using the 2-sample, 2-tailed t test.
Considering a dropout rate of 10%, the total sample size was
100 (n=50, 50% patients in each group). For alocation, a
minimization method was used, with adjustments for age, sex,
and willingness to adopt the exercise therapy.

Data were summarized using descriptive statistics of the mean
(SE) for continuous variables and frequencies and percentages
for categorical variables. To compare continuous data in the 2
groups, an analysis of covariance model (covariates: treatment,
baseline, age, sex, and willingnessto adopt the exercise therapy)
or mixed-effects model for repeated measures (covariates:
treatment, baseline, time, timextreatment, age, sex, and
willingness to adopt the exercise therapy) was used for the
primary and secondary end points, depending on the times of
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measurements. The Fisher exact test was used to compare the
percentages in the 2 groups.

In patients who had datareported at week 12, post hoc analyses
were performed to check theimpact of the treatment compliance
(<75% and =75% exercise groups and conventional group) on
the primary end point (work productivity) and secondary end
points (NRS of CLBP and RDQ-24). Datawere analyzed using
SAS (version 9.4; SAS Ingtitute Inc).

Figure5. Patient disposition. FAS: full analysis set.

Itoh et al

Results

Study Population

A total of 101 patients with CLBP were recruited, and
consenting participants were randomly allocated to either the
exercisegroup (n=50, 49.5% randomized; n=48, 47.5% analyzed
for efficacy), who used the web-based videos and Secaide for
exercise therapy, or the conventional group (n=51, 50.5%
randomized and analyzed; Figure 5). Both groups continued
with the prescribed pharmacological treatments.

Assessed for ehigibility (n=101)

Excluded (n=0)
All of them met the criteria

Randomized

Exercise group (n=50)

Discontinuation {(n=1)
+  Withdrawal of congent

Exercise group (n=49)

Excluded from FAS (n=1)
+  No validity data available (n=1)

Exercise group FAS (n=48)

The baseline characteristics of patients in the exercise and
conventional groups are shown in Table 1. No difference in
many characteristics was observed between the 2 groups.
However, variability in work productivity was observed
(WPAI-GH). In addition, >85% of the patients in both groups
requested exercisetherapy (exercise group: 42/48, 88% patients;

https://mhealth.jmir.org/2022/5/e35867

Conventional group (n=51)

Conventional group (n=51)

Conventional group FAS (n=51)

conventional group: 45/51, 88% patients), which was a group
highly conscious of exercise. Of the 48 participants in the
exercise group, 37 (77%) were adherent to the use of mobile
messaging app—based exercisetherapy inweeks0to 4, 31 (65%)
in weeks 4 to 8, and 32 (67%) in weeks 8 to 12 (Figure 6).
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Table 1. Baseline characteristics (full analysis set).

Exercise group (n=48) Conventional group (n=51)

Age (years), mean (SD) 47.9 (10.2) 46.9 (12.3)

<45 18 (37.5) 20 (39.2)

245 30 (62.5) 31(60.8)
Sex, n (%)

Women 21 (44) 23 (45)

Men 27 (56) 28 (55)
BMI (kg/mz), mean (SD) 24.42 (4.05) 23.39 (4.18)
Duration of CLBP? (years), n (%)

<05 3(6) 5(10)

05to<1 3(6) 6(12)

>1 42 (88) 40 (78)
Exercise habits, n (%)

Yes 14 (29) 19 (37)

No 14 (29) 19 (37)

Sometimes 20 (42) 13(25)
Hope for exercisetherapy, n (%)

Yes 42 (88) 45 (88)

No 6 (13) 6(12)
Work engagement, n (%)

Full time (>40 hours per week) 34 (71) 40 (78)

Part time 14 (29) 11 (22)
Family structure, n (%)

Living aone 10 (22) 9(18)

Living with children only 1(2) 4(8)

Living with adults only 18(38) 18 (35)

Living with adults and children 19 (40) 20 (39)
Income (¥ [US $]), n (%)

<3 million (24,000) 15 (312) 10 (20)

3 million to <5 million (24,000 to 40,000) 14 (29) 16 (31)

5 million to <8 million (40,000 to 64,000) 9(19) 13 (25)

=8 million (64,000) 8(17) 714

Decline to answer 2(4) 5(10)
Education level (completed university education), mean (SD) 25(52.1) 22 (43.1)
Drink alcohal, n (%)

Yes 17 (35) 18(35)

No 12 (25) 22 (43)

Sometimes 19 (40) 11 (22)
Smoking, n (%)

Never smoked 23 (48) 26 (51)

Former smoker 14 (29) 15 (29)

Current smoker 11 (23) 10 (20)
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Exercise group (n=48) Conventional group (n=51)

Work productivity, QQ method,b mean (SD)

Performance degradation 0.51 (0.303) 0.516 (0.314)

Days of work loss due to poor performance 10.466 (8.485) 12.409 (9.956)
Work productivity (WPAI-GH®), mean (SD)

Work time 4.3 (12.4) 8.2(21.8)

Impairment while working 35.3(29.8) 45.6 (33.2)

Overall work impairment 37.0(30.7) 47.7 (34.4)

Activity impairment 47.2 (31.6) 50.4 (29)
NRS,d mean (SD)

CLBP 5(2.4) 5.1(2.1)

Shoulder stiffness 45 (3.0) 45(2.8)
RDQ-24,€ mean (SD) 8.6 (5.3 74(4.7)
EQ-5D-5L, mean (SD) 0.720 (0.195) 0.746 (0.142)
TSK-11.9 mean (SD) 26.4 (6.1) 24.6 (6.6)
K-6," mean (SD) 6.2 (5.6) 5(4.9)
Medical institution consultation status (in the last 30 days), mean (SD)

Hospital 1.9(L7) 2.1(2.3)

Clinic 0.8 (1.6) 1.1(25)

Acupuncture and moxibustion clinic 0.2(0.8) 0.1(0.2)

Manipulative clinic 0.8(1.7) 0.8(1.9)

Others 0.3(1.0) 0.4(0.9)

8CLBP: chronic low back pain.

bQQ method: Quantity and Quality method.

CWPAI-GH: Work Productivity and Activity Impairment Questionnaire: General Health.
INRS: Numerical Rati ng Scale.

®RDQ-24: Roland-Morris Disability Questionnaire.

fEQ-5D-5L : EuroQoL 5 Dimensions 5 Level.

9TSK-11: Tampa Scale for Kinesiophobia.

MK -6: Kessler Screening Scale for Psychological Distress.
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Figure 6. Compliance rates for the use of mobile messaging app—based exercise therapy during the study duration. Exercise status is evaluated by
access log to Secaide within a specified period. Percentage of patients (%)=(access days/observation period)x100. Category aggregation for the rate of
adherence was performed by 0% to 25% (blue), 25% to 50% (orange), 50% to 75% (gray), and =75% (yellow).

60 W =09 to <25%

50

40

30

20

Percentage of patients

10

Lm

[ =25% to <50%

| =500 to <75% =75%

4-8 weeks
(n=31)

0-4 weeks
(n=37)

Primary End Point

At week 12, the mean change (SE) in work productivity (QQ
method) in the exercise group (n=37) and the conventional
group (n=32) was 0.062 (0.069) and 0.114 (0.069), respectively
(difference between groups —0.053, 95% CI —0.184 to 0.079;
P=.43). No significant difference was observed at the primary
end point.

8-12 weeks
(n=34)

Overall
(n=42)

Secondary End Points

Work Productivity

Changes in the WPAI-GH parameters in the 2 groups at week
12 are shown in Table 2. Percent overall work impairment due
to health in the exercise group (n=36) and the conventional
group (n=26) was—13.3 (SE 6.8) and —4.7 (SE 7.6), respectively
(difference between groups —8.6, 95% Cl —23.6 to 6.5; P=.26).

Table 2. Changesin Work Productivity and Activity Impairment Questionnaire: General Health parameters and QoL ? at week 12.

Parameter Exercise group, least Conventional group, least  Difference between groupsinthe 12 P value
sguares mean (SE) squares mean (SE) weeks, |least squares mean (95% Cl)

Work Productivity, n (%) 36° (100) 26 (100) N/AC
Work time 3.8(3.4) 1.2(4.2) 2.7(-5.41010.7) 51
Impairment while working -16.5(6.2) -6.8(6.9) -9.6(-23.3t04.1) A7
Overal work impairment -13.3(6.8) -4.7 (7.6) -8.6 (-23.6t06.5) .26
Activity impairment -16.7 (5.7) -6.4(6.7) -10.3(-23.6t03.0) A3

QoL scale, n (%) 38 (100) 34 (100) N/A
RDQ-249 -2.1(0.8) -0.3(0.9) -1.9(-3.7100.0) .05
EQ-5D-5L° 0.068 (0.024) 0.006 (0.026) 0.061 (0.008 to 0.114) .03

8QoL: quality of life.

bData for activity impairment due to health were analyzed for 37 patients.
°N/A: not applicable.

dRDQ-24: Roland-Morris Disability Questionnaire.

®EQ-5D-5L: EuroQoL 5 Dimensions 5 Level.

Low Back Pain

At week 12, athough no statistically significant difference in
the reduction of the NRS scores was observed between the
exercise (mean —1.1, SE 0.3) and conventional groups (mean

https://mhealth.jmir.org/2022/5/e35867

RenderX

-0.7, SE 0.4; P=.26), the mean subjectiveimprovement in CLBP
symptomswas significantly greater in the exercise group (mean
3.2, SE 0.2) than in the conventional group (mean 3.8, SE 0.3;
difference between groups —0.5, 95% CI -1.1 to 0.0; P=.04).
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Quality of Life

At week 12, no datistically significant differences in the
RDQ-24 scores were observed between the exercise and
conventional groups. A significant improvement in EQ-5D-5L
at week 12 was observed in the exercise group compared with
that in the conventional group (Table 2).

Kinesiophobia

At week 12, a significant improvement in the TSK-11 score
was observed in the exercise group (mean -2.3, SE 1.2)
compared with that in the conventional group (mean 0.5, SE

1.3; difference between groups -2.8, 95% CI -5.5 to -0.1;
P=.04).

Depression

At week 12, no significant improvement in the K-6 score was
observed in the exercise group (mean -1.5, SE 0.8) compared
with that in the conventional group (mean -0.6, SE 0.9;
difference between groups —0.9; 95% CI —-2.7 t0 0.9; P=.34).
Changein Consultation Status

Visitsto clinicswere significantly reduced in the exercise group
at weeks 4, 8, and 12. Similarly, asignificant reductionin visits

Itoh et al

to the acupuncture and moxibustion clinics was observed in the
exercise group at weeks 4 and 8 (Multimedia Appendix 2).

Surgical Treatment and Changein Drug Use

No differences for surgical treatment or changes in drug use
were observed in the conventional or exercise group throughout
the study period.

Post Hoc Analysis

In this study, no significant differencein work productivity (QQ
method), pain intensity, and RDQ-24 was observed in the
exercise group. As a post hoc analysis, the effects of exercise
therapy on work productivity (QQ method), pain intensity, and
RDQ-24 were examined in the group with a high compliance
rate of exercise (=275%) and the other groups (<75%
compliance). At week 12, patientswho showed a higher (=75%)
adherence to the exercise regimen had a greater improvement
in work productivity (QQ method), NRS scores, and RDQ-24
than those with <75% adherence or the conventional group
(Table 3).

Table 3. Change from baseline of work productivity, CLBP?and quality of life among treatment compliances at week 12 (post hoc analysi s).b

Parameters Exercise group compliance 275% Exercise group compliance<75% (n=20), Conventional group (n=34), least
(n=18), least squares mean (95% ClI) least squares mean (95% Cl) squares mean (95% Cl)

Work productivity (QQ 0.00 (-0.14t0 0.15) 0.05(-0.11t0 0.21) 0.08 (-0.03t0 0.18)

method®)

CLBP (NRSd) -2.28 (-3.47 to -1.09) -0.15 (-1.03t0 0.73) -0.91 (-1.48t0 —0.34)

Quality of life(RDQ-24% ~ ~3.06 (-4.45t0 ~1.66)

-2.20 (-4.51t0 0.11)

-0.76 (-2.15 10 0.62)

8CLBP: chronic low back pain.

BNo statistical tests were performed.

®QQ method: Quantity and Quality method.

INRS: Numerical Rati ng Scale.

®RDQ-24: Roland-Morris Disability Questionnaire.

Discussion

Principal Findings

The exerciseintervention isconsidered an integral part of CLBP
management and has been reported to reduce pain and improve
function in patients with CLBP; however, there are challenges
in exploring effective exercise types and continuing exercise
[43,44]. In recent years, various digital interventions have
attempted to address these challenges [45-49)].

The web-based video patient education and strengthening
exercise therapy using the mobile messaging app did not show
any significant changesin work productivity or loss of workdays
due to CLBP at week 12 compared with the conventional
pharmacological treatment in this study. To the best of our
knowledge, there is no randomized controlled trial with the
intervention outcome to improve work productivity in patients
with CLBP; therefore, this result cannot be compared with
previous studies. It is possible that drastic changes in the

https://mhealth.jmir.org/2022/5/e35867

working environment during the COV I D-19 pandemic affected
the assessment of work productivity. During the research period,
the Government of Japan began to recommend remote work as
a nationa policy. In the evaluation of work productivity, the
guantity and quality of work at the time of evaluation were
compared with those in the absence of CLBP. The effect of
changes in working style might be greater than that of exercise
therapy on work productivity. A survey of workers in remote
work before and during the COVID-19 pandemic conducted in
Japan in 2020 aso reported that full remote work of 5 days a
week reduced work productivity [50]. Therefore, the difference
in work productivity between the 2 groups due to exercise
therapy may not have been observed. In fact, many secondary
end points showed a significant improvement in exercise
therapy. However, the work productivities did not show a
significant improvement. The work productivity assessments
may have been particularly susceptibleto COVID-19 compared
with outcomes such as pain intensity and QoL. To assess the
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impact of exercisetherapy onwork productivity in patientswith
CLBP, further improved clinical studies will be considered.

The use of mobile devices can enhance patient engagement in
self-management of CLBP and improve exercise compliance
[51]. In this study, >50% (36/47) of the participants had >75%
compliance with the use of the mobile messaging app—based
exercise therapy. In previous studies, similar adherence rates
of about 50% to 70% for home-based exercise programs have
been reported [52,53]. The results of this study also showed
high adherence to the continuation of exercise therapy using
mobile devices. A problem with exercise therapy is the low
level of adherence to the prescribed exercises. Two systematic
reviews have reported that up to 70% of participants did not
adhereto the prescribed exercises[54,55]. It has been suggested
that using digital devices may improve the patient’s
noncompliance with exercise therapy, which is considered to
have the highest level of evidence for CLBP.

In this study, many end points, rather than the primary end point,
showed results similar to those of previous studies. In particular,
the degree of the subjective score of pain was significantly
improved in workers who received exercise therapy, which is
consistent with a previous study using Secaide [28]. The end
point of QoL (EQ-5D-5L) showed a significant improvement,
asin previous studies using digital interventions[47,56].

Kinesiophobiais atherapeutic target with exercise regimensin
the management of CLBP [57-59]. To the best of our
knowledge, no study has evaluated the impact of maobile-based
apps on pain-related fear in patients with CLBP. In this study,
we evaluated kinesiophobia using the TSK-11 scale, which has
been validated for usein patientswith CLBP [60]. At week 12,
a significant improvement in the TSK-11 score was observed
in the exercise group. From the above results, it is considered
that the effect of exercise therapy was supported in this study,
aswell asin previous studies.

In addition, a post hoc analysis was used to evaluate the
rel ationship between exercise therapy adherence and outcomes.
High adherence showed good outcomes in work productivity
(QQ method), CLBP score (NRS), and RDQ-24 score. Recently,
evaluation using PROs has attracted attention in clinical trials
[61]. The concept of minimal clinically significant difference
(MCID) isestablished, and itsimportanceisrecognized. MCID
isnot a statistically significant difference, but it is an indicator
of theclinical benefitsto patients. The M CID has been reported
as an NRS >2 for LBP [62] and a 30% change in score for
RDQ-24 (if the score is <7) [63]. In the post hoc analysis,
patients with high adherence to exercise therapy showed an
improvement of 2.28in NRSin CLBP asachangefrom baseline
and an improvement of approximately 38% in RDQ-24. These
scores achieved MCID. This improvement was clinically
meaningful. Previous studies have reported that apps improve
exercisetherapy adherence; therefore, Secaide used in this study
may also play an important role in achieving better outcomes.

Itoh et al

In this study, we adopted the Secaide app [28], an interactive
health promotion system, to aid education and exercise therapy
in patients with CLBP. Furthermore, adopting web-based
education and mobile messaging app—based exercise therapy
may reduce the number of facility visits, ensure safety, and
ensure continued patient care. Pain treatment based on traditional
visits in clinics may be difficult because of the COVID-19
pandemic. PROs are becoming increasingly important, and the
need for remote medical care, such as digital health programs,
is increasing. The use of technology can be advantageous,
enabling the remote collection of data during such
unprecedented times. Using digital devices, the enhancement
of exercise therapy yielded better results in more end points
than in routine clinical practice. These results and compliance
rates are due to research conditions. Although the impact of
these on treatment cannot be evaluated correctly, it is hoped
that they will provide an opportunity to consider the usefulness
of remote medical carein CLBP.

Limitations

This study had certain limitations. Changesin work quality and
guantity were used as outcomes for work productivity. This
study was conducted during the COVID-19 pandemic, when
the socia working environment has evolved with the adoption
of remote working. Furthermore, these changes in the work
environment may have influenced the evaluation of work
productivity. The study design has the inherent limitations of a
short duration (12 weeks) and a small sample size (50 in each
group). There have been no previous studies with the same
patient population and end point, and the required number of
cases was calculated using the results of secondary end point
of thisstudy. Asaresult, the statistical power of this study may
be lower than expected. We did not assess therate of adherence
to prescribed medications, which could possibly impact work
productivity outcomes with exercise therapy using the mobile
messaging app. The data for the study outcomes were
self-reported, and a response bias could have led to varying
estimates of the severity of CLBP. Comparison of the high
adherence group with the other groups should beinterpreted in
alimited manner because of the results of the post hoc analysis.

Conclusions

Web-based patient educati on and strengthening exercise therapy
using the Secaide app may be useful for enhancing the
effectiveness of exercise therapy in the treatment of CLBP. In
this exploratory study, the exercise group showed consistently
better trends for most end points than did the conventional
group. The adherence to exercise therapy improved work
productivity, NRS for CLBP, and RDQ-24, suggesting that the
mobile messaging app is useful for CLBP treatment.

This study did not reveal the effect of therapeutic interventions
on CLBP on work productivity. Further research isrequired to
assess work productivity with therapeutic interventions.

Acknowledgments

The authorswould like to thank all clinical investigators and patients for their participation in the study. Thiswork was supported
by Shionogi & Co, Ltd, Osaka, Japan. All named authors meet the International Committee of Medical Journal Editors criteria

https://mhealth.jmir.org/2022/5/e35867

IMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 | €35867 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Itoh et &l

for authorship for this manuscript, take responsibility for the integrity of the work, and have given final approval for the version
to be published. The authors thank Dr Tarveen Jandoo and Raghuraj Puthige, PhD of Enago Life Sciences, for medical writing
and editorial support in the preparation of this manuscript, which was funded by Shionogi & Co, Ltd. The authors would aso
like to acknowledge the editorial assistance provided by Noriyuki Naya, PhD and CM PP, of Shionogi & Co, Ltd, in the preparation
of this paper.

Conflictsof Interest

NI, HM, YY, and MY are employees and minor stockholders of Shionogi & Co, Ltd. KM is a shareholder and an adviser of
Trunk Solution Co, Ltd, and received the following support: a research grant from the Ministry of Health, Labour and Welfare;
grant support from Sompo Holdings, Inc, MS& AD InterRisk Research & Consulting, Inc, Inotech Co, Ltd, NUVASIVE Japan
MTG Co, Ltd, DeNA, Medical Data Scientist and Medical Al Device Development Organization, The Association for Preventive
Medicine of Japan, and Murata Manufacturing Co, Ltd, including personal fees from Nippon Zoki Pharmaceutical Co, Ltd, Ono
Pharmaceutical Co, Ltd, Chugai Pharmaceutical Co, Ltd, AYUMI Pharmaceutical Corporation, and Shionogi & Co, Ltd; and
lecture fees from Eli Lilly Japan K.K, Pfizer Japan Inc, and Hisamitsu Pharmaceutical Co, Inc, from outside the submitted work.
HO reports personal fees received from AYUMI Pharmaceutical Corporation, Nippon Zoki Pharmaceutical Co, Ltd, Ono
Pharmaceutical Co, Ltd, Sompo Holdings, Inc, NuVasive Japan, Inc, Promotion of Practical Use of Al Medical Diagnosis Support
Equipment, MS& AD InterRisk Research & Consulting, Inc, Inotech Corporation, Chugai Pharmaceutical Co, Ltd, The Association
for Preventive Medicine of Japan, Shionogi & Co, Ltd, and MTG Co, Ltd; and grants from Pfizer Inc, outside of the submitted
work.

Multimedia Appendix 1

Study clinics and investigators.
[DOCX File, 38 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Change from baseline in the mean number of consultations in the exercise and conventional groups.
[PNG File, 185 KB-Multimedia Appendix 2]

Multimedia Appendix 3

CONSORT-EHEALTH checklist (V 1.6.2).
[PDE File (Adobe PDF File), 143 KB-Multimedia Appendix 3]

References

1. Meucci RD, FassaAG, FariaNM. Prevalence of chronic low back pain: systematic review. Rev Saude Publica 2015;49:1
[FREE Full text] [doi: 10.1590/S0034-8910.2015049005874] [Medline: 26487293]

2. Fujii T, Matsudaira K. Prevalence of low back pain and factors associated with chronic disabling back pain in Japan. Eur
Spine J 2013 Feh;22(2):432-438 [FREE Full text] [doi: 10.1007/s00586-012-2439-0] [Medline: 22868456]

3. InoueS, Kobayashi F, NishiharaM, Arai Y C, Ikemoto T, Kawai T, et a. Chronic pain in the Japanese community--prevalence,
characteristics and impact on quality of life. PLoS One 2015 Jun 15;10(6):€0129262 [FREE Full text] [doi:
10.1371/journal.pone.0129262] [Medline: 26076135]

4.  GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, prevalence,
and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: a systematic
analysisfor the Global Burden of Disease Study 2017. Lancet 2018 Nov 10;392(10159):1789-1858 [ FREE Full text] [doi:
10.1016/S0140-6736(18)32279-7] [Medline: 30496104]

5. Frymoyer JW. Predicting disability fromlow back pain. Clin Orthop Relat Res 1992 Jun(279):101-109. [Medline: 1534720]

6. Dutmer A, Schiphorst Preuper HR, Soer R, Brouwer S, Biltmann U, Dijkstra PU, et a. Personal and societal impact of
low back pain: the Groningen spine cohort. Spine (Phila Pa 1976) 2019 Dec 15;44(24):E1443-E1451. [doi:
10.1097/BRS.0000000000003174] [Medline: 31369481]

7.  Montgomery W, Sato M, Nagasaka Y, Vietri J. The economic and humanistic costs of chronic lower back pain in Japan.
Clinicoecon Outcomes Res 2017 Jun 23;9:361-371 [FREE Full text] [doi: 10.2147/CEOR.S134130] [Medline: 28694702]

8.  Tsuji T, MatsudairaK, Sato H, Vietri J, Jaffe DH. Association between presenteeism and health-related quality of life
among Japanese adults with chronic lower back pain: a retrospective observational study. BMJ Open 2018 Jun
27,8(6):€021160 [FREE Full text] [doi: 10.1136/bmjopen-2017-021160] [Medline: 29950467]

9.  Yoshimoto T, OkaH, Fujii T, Nagata T, Matsudaira K. The economic burden of lost productivity due to presenteeism
caused by health conditions among workers in Japan. J Occup Environ Med 2020 Oct;62(10):883-888 [FREE Full text]
[doi: 10.1097/JOM.0000000000002001] [Medline: 32826548]

https://mhealth.jmir.org/2022/5/€35867 JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 | €35867 | p. 12
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v10i5e35867_app1.docx&filename=b06a591080bc7bd962ec17e0f53bd4c1.docx
https://jmir.org/api/download?alt_name=mhealth_v10i5e35867_app1.docx&filename=b06a591080bc7bd962ec17e0f53bd4c1.docx
https://jmir.org/api/download?alt_name=mhealth_v10i5e35867_app2.png&filename=6eb7d89967e22750592f052c627566fc.png
https://jmir.org/api/download?alt_name=mhealth_v10i5e35867_app2.png&filename=6eb7d89967e22750592f052c627566fc.png
https://jmir.org/api/download?alt_name=mhealth_v10i5e35867_app3.pdf&filename=d7fcc4b961966195e7201221819ac116.pdf
https://jmir.org/api/download?alt_name=mhealth_v10i5e35867_app3.pdf&filename=d7fcc4b961966195e7201221819ac116.pdf
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034-89102015000100408&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.1590/S0034-8910.2015049005874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26487293&dopt=Abstract
http://europepmc.org/abstract/MED/22868456
http://dx.doi.org/10.1007/s00586-012-2439-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22868456&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0129262
http://dx.doi.org/10.1371/journal.pone.0129262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26076135&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(18)32279-7
http://dx.doi.org/10.1016/S0140-6736(18)32279-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30496104&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1534720&dopt=Abstract
http://dx.doi.org/10.1097/BRS.0000000000003174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31369481&dopt=Abstract
https://dx.doi.org/10.2147/CEOR.S134130
http://dx.doi.org/10.2147/CEOR.S134130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28694702&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=29950467
http://dx.doi.org/10.1136/bmjopen-2017-021160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29950467&dopt=Abstract
http://europepmc.org/abstract/MED/32826548
http://dx.doi.org/10.1097/JOM.0000000000002001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32826548&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Itoh et &l

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

van der Velde G, Mierau D. The effect of exercise on percentile rank aerobic capacity, pain, and self-rated disability in
patients with chronic low-back pain: a retrospective chart review. Arch Phys Med Rehabil 2000 Nov;81(11):1457-1463.
[doi: 10.1053/apmr.2000.9629] [Medline; 11083348]

Rainville J, Sobel J, Hartigan C, Monlux G, Bean J. Decreasing disability in chronic back pain through aggressive spine
rehabilitation. J Rehabil Res Dev 1997 Oct;34(4):383-393. [Medline: 9323642]

Marshall PW, Murphy BA. Evaluation of functional and neuromuscular changes after exercise rehabilitation for low back
pain using aSwissball: apilot study. JManipulative Physiol Ther 2006 Sep;29(7):550-560. [doi: 10.1016/j.jmpt.2006.06.025]
[Medline: 16949944]

Pinto RZ, Ferreira PH, Kongsted A, FerreiraML, Maher CG, Kent P. Self-reported moderate-to-vigorous leisure time
physical activity predicts less pain and disability over 12 months in chronic and persistent low back pain. Eur J Pain 2014
Sep;18(8):1190-1198. [doi: 10.1002/].1532-2149.2014.00468.x] [Medline: 24577780]

Tekur P, Nagarathna R, Chametcha S, Hankey A, NagendraHR. A comprehensive yoga programs improves pain, anxiety
and depression in chroniclow back pain patients more than exercise: an RCT. Complement Ther Med 2012 Jun;20(3):107-118.
[doi: 10.1016/j.ctim.2011.12.009] [Medline: 22500659]

Durmus D, Unal M, Kuru O. How effective is a modified exercise program on its own or with back school in chronic low
back pain? A randomized-controlled clinical trial. J Back Musculoskelet Rehabil 2014;27(4):553-561. [doi:
10.3233/BMR-140481] [Medline: 24867906]

Baliki MN, Mansour AR, Baria AT, Apkarian AV. Functional reorganization of the default mode network across chronic
pain conditions. PLoS One 2014 Sep 2;9(9):€106133 [FREE Full text] [doi: 10.1371/journal .pone.0106133] [Medline:
25180885]

Babatunde OO, Jordan JL, Van der Windt DA, Hill JC, Foster NE, Protheroe J. Effective treatment options for muscul oskel etal
pain in primary care: a systematic overview of current evidence. PLoS One 2017 Jun 22;12(6):e0178621 [FREE Full text]
[doi: 10.1371/journal.pone.0178621] [Medline: 28640822]

Khan M, Akhter S, Soomro RR, Ali SS. The effectiveness of Cognitive Behavioral Therapy (CBT) with general exercises
versus general exercisesaonein the management of chroniclow back pain. Pak JPharm Sci 2014 Jul;27(4 Suppl):1113-1116.
[Medline: 25016276]

SluijsEM, Kok GJ, van der Zee J. Correl ates of exercise compliancein physical therapy. Phys Ther 1993 Nov;73(11):771-786.
[doi: 10.1093/ptj/73.11.771] [Medline: 8234458]

Nicholl BI, Sandal LF, Stochkendahl MJ, McCallum M, Suresh N, Vasseljen O, et al. Digital support interventions for the
self-management of low back pain: a systematic review. J Med Internet Res 2017 May 21;19(5):€179 [FREE Full text]
[doi: 10.2196/jmir.7290] [Medline: 28550009]

Hewitt S, Sephton R, Yeowell G. The effectiveness of digital health interventions in the management of muscul oskel etal
conditions: systematic literature review. JMed Internet Res 2020 Jun 05;22(6):€15617 [ FREE Full text] [doi: 10.2196/15617]
[Medline: 32501277]

Bailey JF, Agarwal V, Zheng P, Smuck M, Fredericson M, Kennedy DJ, et al. Digital care for chronic muscul oskel etal
pain: 10,000 participant longitudinal cohort study. JMed Internet Res 2020 May 11;22(5):€18250 [FREE Full text] [doi:
10.2196/18250] [Medline: 32208358]

Cranen K, Drossaert CH, Brinkman ES, Braakman-Jansen AL, ljzerman MJ, Vollenbroek-Hutten MM. An exploration of
chronic pain patients perceptions of home telerehabilitation services. Health Expect 2012 Dec;15(4):339-350 [FREE Full
text] [doi: 10.1111/].1369-7625.2011.00668.x] [Medline: 21348905]

Irvine AB, Russell H, Manocchia M, Mino DE, Cox Glassen T, Morgan R, et al. Mobile-web app to self-manage low back
pain: randomized controlled trial. JMed Internet Res 2015 Jan 02;17(1):e1 [FREE Full text] [doi: 10.2196/jmir.3130]
[Medline: 25565416]

Del Pozo-Cruz B, Adsuar JC, Parraca J, Del Pozo-Cruz J, Moreno A, Gusi N. A web-based intervention to improve and
prevent low back pain among office workers: a randomized controlled trial. J Orthop Sports Phys Ther 2012
Oct;42(10):831-841. [doi: 10.2519/jospt.2012.3980] [Medline: 22951407]

Shebib R, Bailey JF, Smittenaar P, Perez DA, Mecklenburg G, Hunter S. Randomized controlled trial of a 12-week digital
care program inimproving low back pain. NPIDigit Med 2019 Jan 7;2:1 [FREE Full text] [doi: 10.1038/s41746-018-0076-7]
[Medline: 31304351]

Toelle TR, Utpadel-Fischler DA, Haas K, Priebe JA. App-based multidisciplinary back pain treatment versus combined
physiotherapy plus online education: arandomized controlled trial. NPI Digit Med 2019 May 3;2:34 [FREE Full text] [doi:
10.1038/s41746-019-0109-x] [Medline: 31304380]

Anan T, Kgjiki S, OkaH, Fujii T, Kawamata K, Mori K, et a. Effects of an artificial intelligence-assisted health program
on workers with neck/shoulder pain/stiffness and low back pain: randomized controlled trial. IMIR Mhealth Uhealth 2021
Sep 24;9(9):€27535 [FREE Full text] [doi: 10.2196/27535] [Medline: 34559054]

Chan AW, Tetzlaff IM, Altman DG, Laupacis A, Ggtzsche PC, Krleza-Jeri¢ K, et a. SPIRIT 2013 statement: defining
standard protocol itemsfor clinical trials. Ann Intern Med 2013 Feb 05;158(3):200-207 [EREE Full text] [doi:
10.7326/0003-4819-158-3-201302050-00583] [Medline: 23295957]

https://mhealth.jmir.org/2022/5/€35867 JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 | €35867 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1053/apmr.2000.9629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11083348&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9323642&dopt=Abstract
http://dx.doi.org/10.1016/j.jmpt.2006.06.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16949944&dopt=Abstract
http://dx.doi.org/10.1002/j.1532-2149.2014.00468.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24577780&dopt=Abstract
http://dx.doi.org/10.1016/j.ctim.2011.12.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22500659&dopt=Abstract
http://dx.doi.org/10.3233/BMR-140481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24867906&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0106133
http://dx.doi.org/10.1371/journal.pone.0106133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25180885&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0178621
http://dx.doi.org/10.1371/journal.pone.0178621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28640822&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25016276&dopt=Abstract
http://dx.doi.org/10.1093/ptj/73.11.771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8234458&dopt=Abstract
https://www.jmir.org/2017/5/e179/
http://dx.doi.org/10.2196/jmir.7290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28550009&dopt=Abstract
https://www.jmir.org/2020/6/e15617/
http://dx.doi.org/10.2196/15617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32501277&dopt=Abstract
https://www.jmir.org/2020/5/e18250/
http://dx.doi.org/10.2196/18250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32208358&dopt=Abstract
https://doi.org/10.1111/j.1369-7625.2011.00668.x
https://doi.org/10.1111/j.1369-7625.2011.00668.x
http://dx.doi.org/10.1111/j.1369-7625.2011.00668.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21348905&dopt=Abstract
https://www.jmir.org/2015/1/e1/
http://dx.doi.org/10.2196/jmir.3130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25565416&dopt=Abstract
http://dx.doi.org/10.2519/jospt.2012.3980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22951407&dopt=Abstract
https://doi.org/10.1038/s41746-018-0076-7
http://dx.doi.org/10.1038/s41746-018-0076-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304351&dopt=Abstract
https://doi.org/10.1038/s41746-019-0109-x
http://dx.doi.org/10.1038/s41746-019-0109-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304380&dopt=Abstract
https://mhealth.jmir.org/2021/9/e27535/
http://dx.doi.org/10.2196/27535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34559054&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-158-3-201302050-00583?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23295957&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Itoh et &l

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

Jinnouchi H, Matsudaira K, Kitamura A, KakihanaH, Oka H, Hayama-Terada M, et al. Effects of |ow-dose therapist-led
self-exercise education on the management of chronic low back pain: protocol for acommunity-based, randomized, 6-month
parallel-group study. Spine Surg Relat Res 2019 Apr 26;3(4):377-384 [EREE Full text] [doi: 10.22603/ssrt.2019-0005]
[Medline: 31768459]

Jinnouchi H, Matsudaira K, Kitamura A, KakihanaH, Oka H, Hayama-Terada M, CIRCS Investigators. Effects of brief
self-exercise education on the management of chronic low back pain: a community-based, randomized, parallel-group
pragmatictrial. Mod Rheumatol 2021 Jul;31(4):890-898 [ FREE Full text] [doi: 10.1080/14397595.2020.1823603] [Medline:
32930621]

Brouwer WB, Koopmanschap MA, Rutten FF. Productivity losses without absence: measurement validation and empirical
evidence. Health Policy 1999 Jul;48(1):13-27. [doi: 10.1016/s0168-8510(99)00028-7] [Medline: 10539583]

Reilly MC, Zbrozek AS, Dukes EM. The validity and reproducibility of awork productivity and activity impairment
instrument. Pharmacoeconomics 1993 Nov;4(5):353-365. [doi: 10.2165/00019053-199304050-00006] [Medline: 10146874]
Jensen MP, Karoly P, Braver S. The measurement of clinical pain intensity: a comparison of six methods. Pain 1986
Oct;27(1):117-126. [doi: 10.1016/0304-3959(86)90228-9] [Medline: 3785962]

Roland M, MorrisR. A study of the natural history of back pain. Part |: development of areliable and sensitive measure
of disability inlow-back pain. Spine (PhilaPa1976) 1983 Mar;8(2):141-144. [doi: 10.1097/00007632-198303000-00004]
[Medline: 6222486]

Stratford PW, Riddle DL. A Roland Morris disability questionnaire target value to distinguish between functional and
dysfunctional statesin people with low back pain. Physiother Can 2016;68(1):29-35 [FREE Full text] [doi:
10.3138/ptc.2014-85] [Medline: 27504045]

EuroQol Group. EuroQol--a new facility for the measurement of health-related quality of life. Health Policy 1990
Dec;16(3):199-208. [doi: 10.1016/0168-8510(90)90421-9] [Medline: 10109801]

Cheung PW, Wong CK, Samartzis D, Luk KD, Lam CL, Cheung KM, et a. Psychometric validation of the EuroQoL
5-Dimension 5-Level (EQ-5D-5L) in Chinese patients with adolescent idiopathic scoliosis. Scoliosis Spinal Disord 2016
Aug 4;11:19 [FREE Full text] [doi: 10.1186/s13013-016-0083-x] [Medline: 27525314]

Lundberg MK, Styf J, Carlsson SG. A psychometric evaluation of the Tampa Scale for Kinesiophobia— from a
physiotherapeutic perspective. Physiother Theory Pract 2004;20(2):121-133. [doi: 10.1080/09593980490453002]
Lundberg M, Styf J, Jansson B. On what patients does the Tampa Scale for Kinesiophobia fit? Physiother Theory Pract
2009 Oct;25(7):495-506. [doi: 10.3109/09593980802662160] [Medline: 19925172]

Kessler RC, Andrews G, ColpeLJ, Hiripi E, Mroczek DK, Normand SL, et a. Short screening scalesto monitor population
preval ences and trends in non-specific psychological distress. Psychol Med 2002 Aug;32(6):959-976. [doi:
10.1017/s0033291702006074] [Medline: 12214795]

Han HI, Choi HS, Shin WS. Effects of hamstring stretch with pelvic control on pain and work ability in standing workers.
JBack Musculoskelet Rehabil 2016 Nov 21;29(4):865-871. [doi: 10.3233/BMR-160703] [Medline: 27197706]

Searle A, Spink M, Ho A, Chuter V. Exerciseinterventions for the treatment of chronic low back pain: a systematic review
and meta-analysis of randomised controlled trials. Clin Rehabil 2015 Dec;29(12):1155-1167. [doi:
10.1177/0269215515570379] [Medline: 25681408]

Hayden JA, van Tulder MW, Malmivaara A, Koes BW. Exercise therapy for treatment of non-specific low back pain.
Cochrane Database Syst Rev 2005 Jul 20(3):CD000335. [doi: 10.1002/14651858.CD000335.pub?2] [Medline: 16034851]
Martinez de la Cal J, Fernandez-Sanchez M, Mataran-Pefiarrocha GA, Hurley DA, Castro-Sanchez AM, Lara-Palomo IC.
Physical therapists opinion of e-health treatment of chronic low back pain. Int JEnviron Res Public Health 2021 Feb
16;18(4):1889 [FREE Full text] [doi: 10.3390/ijerph18041889] [Medline: 33669249]

Peterson S. Telerehabilitation booster sessions and remote patient monitoring in the management of chronic low back pain:
a case series. Physiother Theory Pract 2018 May;34(5):393-402. [doi: 10.1080/09593985.2017.1401190] [Medline:
29125371]

ChhabraHS, Sharma S, Verma S. Smartphone app in self-management of chronic low back pain: arandomized controlled
trial. Eur Spine J 2018 Nov;27(11):2862-2874. [doi: 10.1007/s00586-018-5788-5] [Medline: 30324496]

Mork PJ, Bach K, selfBACK Consortium. A decision support system to enhance self-management of low back pain: protocol
for the selfBACK project. IMIR Res Protoc 2018 Jul 20;7(7):€167 [FREE Full text] [doi: 10.2196/resprot.9379] [Medline:
30030208]

Hornung AL, Rudisill SS, Suleiman RW, Siygji ZK, Sood S, Siddiqui S, et a. Low back pain: what isthe role of YouTube
content in patient education? J Orthop Res 2022 Apr;40(4):901-908. [doi: 10.1002/jor.25104] [Medline: 34057762]
ShimuraA, Yokoi K, Ishibashi Y, Akatsuka, Inoue T. Remote work decreases psychol ogical and physical stressresponses,
but full-remote work increases presenteeism. Front Psychol 2021 Sep 30;12:730969 [FREE Full text] [doi:
10.3389/fpsyq.2021.730969] [Medline: 34659039]

Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS. Impact of mHealth chronic disease management on treatment
adherence and patient outcomes: a systematic review. JMed Internet Res 2015 Feb 24;17(2):e52 [FREE Full text] [doi:
10.2196/jmir.3951] [Medline: 25803266]

https://mhealth.jmir.org/2022/5/e35867 JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 | €35867 | p. 14

(page number not for citation purposes)


http://europepmc.org/abstract/MED/31768459
http://dx.doi.org/10.22603/ssrr.2019-0005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31768459&dopt=Abstract
https://academic.oup.com/mr/article-lookup/doi/10.1080/14397595.2020.1823603
http://dx.doi.org/10.1080/14397595.2020.1823603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32930621&dopt=Abstract
http://dx.doi.org/10.1016/s0168-8510(99)00028-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10539583&dopt=Abstract
http://dx.doi.org/10.2165/00019053-199304050-00006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10146874&dopt=Abstract
http://dx.doi.org/10.1016/0304-3959(86)90228-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3785962&dopt=Abstract
http://dx.doi.org/10.1097/00007632-198303000-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6222486&dopt=Abstract
http://europepmc.org/abstract/MED/27504045
http://dx.doi.org/10.3138/ptc.2014-85
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27504045&dopt=Abstract
http://dx.doi.org/10.1016/0168-8510(90)90421-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10109801&dopt=Abstract
http://europepmc.org/abstract/MED/27525314
http://dx.doi.org/10.1186/s13013-016-0083-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27525314&dopt=Abstract
http://dx.doi.org/10.1080/09593980490453002
http://dx.doi.org/10.3109/09593980802662160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19925172&dopt=Abstract
http://dx.doi.org/10.1017/s0033291702006074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12214795&dopt=Abstract
http://dx.doi.org/10.3233/BMR-160703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27197706&dopt=Abstract
http://dx.doi.org/10.1177/0269215515570379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25681408&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD000335.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16034851&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18041889
http://dx.doi.org/10.3390/ijerph18041889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33669249&dopt=Abstract
http://dx.doi.org/10.1080/09593985.2017.1401190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29125371&dopt=Abstract
http://dx.doi.org/10.1007/s00586-018-5788-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30324496&dopt=Abstract
https://www.researchprotocols.org/2018/7/e167/
http://dx.doi.org/10.2196/resprot.9379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30030208&dopt=Abstract
http://dx.doi.org/10.1002/jor.25104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34057762&dopt=Abstract
https://doi.org/10.3389/fpsyg.2021.730969
http://dx.doi.org/10.3389/fpsyg.2021.730969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34659039&dopt=Abstract
https://www.jmir.org/2015/2/e52/
http://dx.doi.org/10.2196/jmir.3951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25803266&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Itoh et &l

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Palazzo C, Klinger E, Dorner V, Kadri A, Thierry O, Boumenir Y, et al. Barriersto home-based exercise program adherence
with chronic low back pain: patient expectations regarding new technologies. Ann Phys Rehabil Med 2016 Apr;59(2):107-113
[FREE Full text] [doi: 10.1016/j.rehab.2016.01.009] [Medline: 27050664]

Argent R, Daly A, Caulfield B. Patient involvement with home-based exercise programs: can connected health interventions
influence adherence? IMIR Mhealth Uhealth 2018 Mar 01;6(3):e47 [FREE Full text] [doi: 10.2196/mhealth.8518] [Medline:
29496655]

Beinart NA, Goodchild CE, Weinman JA, Ayis S, Godfrey EL. Individual and intervention-related factors associated with
adherence to home exercise in chronic low back pain: a systematic review. Spine J 2013 Dec;13(12):1940-1950. [doi:
10.1016/j.spinee.2013.08.027] [Medline: 24169445]

Essery R, Geraghty AW, Kirby S, Yardley L. Predictors of adherenceto home-based physical therapies: asystematic review.
Disabil Rehabil 2017 Mar;39(6):519-534. [doi: 10.3109/09638288.2016.1153160] [Medline: 27097761]

Du S, LiuW, Cai S, Hu 'Y, Dong J. The efficacy of e-health in the self-management of chronic low back pain: a meta
analysis. Int JNurs Stud 2020 Jun;106:103507. [doi: 10.1016/j.ijnurstu.2019.103507] [Medline: 32320936]

Vincent HK, Seay AN, Montero C, Conrad BP, Hurley RW, Vincent KR. Kinesiophobia and fear-avoidance beliefsin
overweight older adults with chronic low-back pain: relationship to walking endurance--part 11. Am J Phys Med Rehabil
2013 May;92(5):439-445 [FREE Full text] [doi: 10.1097/PHM.0b013e318287633c] [Medline: 23478452]

Cruz-Diaz D, Romeu M, Velasco-Gonzélez C, Martinez-Amat A, Hita-Contreras F. The effectiveness of 12 weeks of Pilates
intervention on disability, pain and kinesiophobiain patients with chronic low back pain: arandomized controlled trial.
Clin Rehabil 2018 Sep;32(9):1249-1257. [doi: 10.1177/0269215518768393] [Medline: 29651872]

dalLuz MA, CostaLO, Fuhro FF, Manzoni AC, OliveiraNT, Cabral CM. Effectiveness of mat Pilates or equipment-based
Pilates exercises in patients with chronic nonspecific low back pain: arandomized controlled trial. Phys Ther 2014
May;94(5):623-631. [doi: 10.2522/ptj.20130277] [Medline: 244351095]

Vlaeyen JW, Kole-Snijders AM, Boeren RG, van Eek H. Fear of movement/(re)injury in chronic low back pain and its
relation to behavioral performance. Pain 1995 Sep;62(3):363-372. [doi: 10.1016/0304-3959(94)00279-N] [Medline: 8657437]
Calvert M, Blazeby J, Altman DG, Revicki DA, Moher D, Brundage MD, CONSORT PRO Group. Reporting of
patient-reported outcomesin randomized trials: the CONSORT PRO extension. JAMA 2013 Feb 27;309(8):814-822. [doi:
10.100V/jama.2013.879] [Medline; 23443445]

Childs JD, Piva SR, Fritz JM. Responsiveness of the numeric pain rating scale in patients with low back pain. Spine (Phila
Pa 1976) 2005 Jun 01;30(11):1331-1334. [doi: 10.1097/01.brs.0000164099.92112.29] [Medline: 15928561]

Jordan K, Dunn KM, Lewis M, Croft P. A minimal clinically important difference was derived for the Roland-Morris
Disability Questionnaire for low back pain. J Clin Epidemiol 2006 Jan;59(1):45-52. [doi: 10.1016/].jclinepi.2005.03.018]
[Medline: 16360560]

Abbreviations

CLBP: chronic low back pain

EQ-5D-5L: EuroQoL 5 Dimensions5 Level

LBP: low back pain

MCID: minimal clinically significant difference

NRS: Numerical Rating Scale

PRO: patient-reported outcome

QoL: quality of life

QQ method: Quantity and Quality method

RDQ-24: Roland-Morris Disability Questionnaire

SPIRIT: Standard Protocol I1tems: Recommendations for Interventional Trials
TSK-11: Tampa Scale for Kinesiophobia

WPAI-GH: Work Productivity and Activity Impairment Questionnaire: General Health

Edited by L Buis; submitted 23.12.21; peer-reviewed by B Fautrel; comments to author 04.02.22; revised version received 17.03.22;
accepted 22.03.22; published 16.05.22

Please cite as:

Itoh N, Mishima H, Yoshida Y, Yoshida M, Oka H, Matsudaira K

Evaluation of the Effect of Patient Education and Strengthening Exercise Therapy Using a Mobile Messaging App on Work Productivity
in Japanese Patients With Chronic Low Back Pain: Open-Label, Randomized, Parallel-Group Trial

JMIR Mhealth Uhealth 2022;10(5): 35867

URL: https://mhealth.jmir.org/2022/5/€35867

doi: 10.2196/35867

PMID:

https://mhealth.jmir.org/2022/5/€35867 JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 | €35867 | p. 15

RenderX

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S1877-0657(16)00034-8
http://dx.doi.org/10.1016/j.rehab.2016.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27050664&dopt=Abstract
https://mhealth.jmir.org/2018/3/e47/
http://dx.doi.org/10.2196/mhealth.8518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29496655&dopt=Abstract
http://dx.doi.org/10.1016/j.spinee.2013.08.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24169445&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2016.1153160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27097761&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2019.103507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32320936&dopt=Abstract
http://europepmc.org/abstract/MED/23478452
http://dx.doi.org/10.1097/PHM.0b013e318287633c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23478452&dopt=Abstract
http://dx.doi.org/10.1177/0269215518768393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29651872&dopt=Abstract
http://dx.doi.org/10.2522/ptj.20130277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24435105&dopt=Abstract
http://dx.doi.org/10.1016/0304-3959(94)00279-N
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8657437&dopt=Abstract
http://dx.doi.org/10.1001/jama.2013.879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23443445&dopt=Abstract
http://dx.doi.org/10.1097/01.brs.0000164099.92112.29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15928561&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2005.03.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16360560&dopt=Abstract
https://mhealth.jmir.org/2022/5/e35867
http://dx.doi.org/10.2196/35867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Itoh et &l

©Naohiro Itoh, Hirokazu Mishima, Yuki Yoshida, Manami Yoshida, Hiroyuki Oka, Ko Matsudaira. Originaly published in
JMIR mHealth and uHealth (https://mhealth.jmir.org), 16.05.2022. Thisis an open-access article distributed under the terms of
the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in IMIR mHealth and uHealth, is

properly cited. The complete bibliographic information, alink to the original publication on https://mhealth.jmir.org/, as well as
this copyright and license information must be included.

https://mhealth.jmir.org/2022/5/€35867 JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 | €35867 | p. 16

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

