JMIR MHEALTH AND UHEALTH Lecetd

Original Paper

mHealth-Supported Exercise Rehabilitation to Reverse Frailty
After Autologous Transplantation in Multiple Myeloma:
Randomized Controlled Trial

Kyuwan Lee', PhD; Justin Shamunee®, MS; Haehyun Lee®, MS; Xinyi Du®, MPH; Lanie Lindenfeld®, MS; Anrita
Krishnan®, MD; Nitya Nathwani, MD; F Lennie Wong®*, PhD; Saro Armenian®, DO, MPH

IKinesiol ogy & Sports Studies, Ewha Womans University, Seoul, Seoul, Republic of Korea
2Smidt Heart Institute, Cedars-Sinai Medical Center, Los Angeles, CA, United States
3University of Nevada, Las Vegas, Las Vegas, NV, United States

4Population Sciences, City of Hope, Duarte, CA, United States

Corresponding Author:

Kyuwan Lee, PhD

Kinesiology & Sports Studies
Ewha Womans University

52 Ewhayeodae-gil, Seodaemun-gu
Seoul, Seoul, 03760

Republic of Korea

Phone: 82 02 3277 2575

Email: kyuwanlee@ewha.ac.kr

Abstract

Background: Frailty is highly prevalent in survivors of multiple myeloma (MM) after autologous hematopoietic cell
transplantation and is associated with poor functional recovery and adverse clinical outcomes. Although exercise is known to
improve physical function, traditional center-based rehabilitation models are often inaccessible to this population during early
posttransplant recovery. Mobile health (mHealth)—supported exercise may offer a scalable alternative; however, evidence in
hematol ogic malignancies remains limited.

Objective: This study aimed to evaluate the effects of a 16-week mHealth-supported exercise rehabilitation program on frailty
phenotype and physical function in survivors of MM within 180 days after autologous hematopoietic cell transplantation.

Methods: In this single-center randomized controlled trial, participants who self-reported as prefrail or frail were randomized
1:1 to an mHealth-supported exercise group (n=16) or usual care control (n=16). Remote assessments were conducted at baseline
(week 0), midpoint (week 9), and follow-up (week 17). The intervention consisted of 8 weeks of supervised tele-exercise (3
sessions/week, 50 minutes/session), followed by 8 weeks of independent home-based exercise using the same mHealth platform.
Exerciseintensity was prescribed using arepetitions-in-reserve—based rating of perceived exertion approach with symptom-guided
progression. The primary outcome was change in the 5-component Fried frailty phenotype score (0-5). Secondary outcomes
included Short Physical Performance Battery components, chair stand time, gait speed, and handgrip strength. Intention-to-treat
analyses were conducted using generalized estimating equations to eval uate between-group differences over time.

Results: Participants had a mean age of 64.6 (SD 7.1) years and were enrolled a mean of 136 (SD 36.3) days posttransplant.
At baseline, 94% (30/32) of participantswere classified asfrail. Adherence to the supervised sessionswas 85% (326/384 sessions),
and adherence during the unsupervised phase was 78% (298/384 sessions). The exercise group demonstrated a significantly
greater reduction in frailty score compared with control from baseline to week 17 (P<.001). Between-group difference estimates
showed aclinically meaningful improvement favoring exercise at both week 9 and week 17 (P<.001). Chair stand timeimproved
significantly in the exercise group compared with control, with faster completion times observed at week 9 and sustained through
week 17 (P=.002). Improvements in other Short Physical Performance Battery components and handgrip strength favored the
exercise group but did not reach statistical significance. No serious adverse events occurred.

Conclusions: A 16-week mHealth-supported, progressively prescribed exercise rehabilitation program was feasible, safe, and
effectivein reversing frailty phenotype and improving functional mobility in survivorsof MM early after autologoustransplantation.
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This approach provides a scalable model for delivering structured rehabilitation during a high-risk recovery window. Larger trials
incorporating attention-matched controls and longer follow-up are warranted.

Trial Registration:

(IMIR Mhealth Uhealth 2026;14:e87628) doi: 10.2196/87628
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Introduction

Background and Rationale

Autologous hematopoietic cell transplantation (HCT) improves
progression-free survival in patients with multiple myeloma
(MM) [1]. Advances in treatment approaches, coupled with
improved accessto HCT, have contributed to agrowing number
of patients with MM undergoing HCT annually. In fact, MM
is the most common indication for HCT, with >7000 patients
undergoing autologous HCT annually in the United Statesalone
[2]. However, despite improvements in disease-related
outcomes, patients with MM who undergo HCT remain at high
risk of experiencing frailty after HCT, attributed to pre-HCT
treatment exposures, HCT-related conditioning therapies, and
post-HCT acute toxicities [3,4].

The frailty phenotype is characterized by the presence of 3 or
more of the following characteristics: underweight, exhaustion,
low energy expenditure, slow gait speed, and weak muscle
strength [3,5,6]. Two-thirds of patients with MM are estimated
to befrail at diagnosis or shortly thereafter, and the prevalence
of frailty increases after HCT [7]. In an International Myeloma
Working Group report, frailty was associated with significantly
worse overall survivdl and a higher rate of treatment
discontinuation (31.2% vs 16.5%) [8]. This underscores the
need to develop innovative strategies to mitigate frailty in
patients with MM and its associated morbidity and mortality
following HCT.

Supervised exercise-based interventions have been shown to
improve physical function and frailty in patients with chronic
health conditions, including cardiovascul ar diseases and cancer
[9,10]. Traditionally, supervised exercise interventions have
been delivered in person at specialized centers, an approach that
poses logistical challenges and limits access for many patients.
Supervised prescriptive mobile health (mHealth) exercise
interventions have emerged as alternatives to in-person
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approaches, offering the convenience of anytime and anywhere
access to patients, regardless of geographic boundaries [11].
Studies in patients with other cancer types, such as the breast
and endometrium, have shown that an mHealth exercise is
effective in improving physical function, BMI, and
health-related quality of life [12,13]. There is a paucity of
information on the safety and efficacy of mHeath exercise
intervention in prefrail and frail patients with MM.

Objective and Hypothesis

To address this limitation, we conducted a randomized
controlled trial evaluating the effectiveness of an mHealth
exercise intervention aimed at improving frailty and physical
function in patients with MM shortly after undergoing HCT.
We hypothesized that a 16-week mHealth exerciseintervention
would significantly improve frailty and physical function in
these patients.

Methods

Study Design and Setting

Thiswas a single-center randomized control trial conducted at
City of Hope (COH). The trial was registered at
Clinical Trials.gov (NCT05142371) on October 29, 2021. We
conducted a 16-week mHealth intervention that included
baseline (week 0) and postintervention (week 9 and week 17)
assessments of physical function and frailty phenotype. All
study procedures, including screening, enroliment, intervention,
and data collection, were performed using an mHealth-based
approach, eliminating the need for participants to be assessed
at acenter. This study adheresto the CONSORT (Consolidated
Standards of Reporting Trials) guidelines for reporting
randomized controlled trials.

Participantsand Eligibility Criteria
The participant eligibility criteria are shown in Textbox 1.
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Inclusion criteria
. Diagnosis of multiple myeloma

o Aged>18yearsat enrollment

*  Prefral or frall status (ie, Fried criteria: clinically underweight [BMI <18.5 kg/mz], exhaustion, low energy expenditure, slow walking speed,
and muscle weakness), with the presence of 2 of 5 indexes classified as prefrail and =3 of 5 indexes classified asfrail [14]

» <180 days after hematopoietic cell transplantation
«  Physicaly able and willing to complete all study procedures
«  English speaking

Exclusion criteria

« Hadclinicaly significant or active cardiovascular disease (eg, unstable angina and uncontrolled arrhythmia)
» Had contraindications to exercise (acute infectious disease or unstable bone lesions)

«  Were recovering from a recent injury or were physicaly injured in the past 6 months, whereby participation in rigorous exercise may not be

appropriate

«  Wereaready participating in regular, structured exercise (>60 minutes/week)

Screening, Recruitment, and Randomization

Prescreening of potentially eligible patients was performed
using an established ingtitutional review board-approved COH
protocol for long-term follow-up after HCT [15]. During
telephone prescreening, participants were asked simple mobility
and fatigue screening questions, including whether they were
able to ambulate independently without assistance and whether
they experienced persistent fatigue or low physical activity.
Frailty statuswasformally confirmed during the baselineremote
assessment prior to randomization. Individuals self-reporting
characteristics consistent with prefrailty or frailty were invited
for formal remote assessment. Once potentialy digible patients
wereidentified, we notified their primary hematologist to obtain
clearance prior to our outreach. Potentialy eligible patients
were then contacted by phone to assess their willingness to
participate and to screen for patient-reported symptoms related
to prefrailty or frailty. If potentially eligible patients expressed
interest in the study, a trained clinical research assistant
conducted detailed discussionswith the patients over the phone
regarding the additional study inclusion and exclusion criteria.
Once patients were found to be eligible for participation, they
provided informed consent using a web-based consent form
(DocuSign Inc). Participants were randomly assigned in a 1:1
ratio to either the mHealth exercise group or the control group
using a computer-generated random allocation sequence. The
sequence was prepared by an independent statistician not
involved in study conduct. Allocation conceament was
maintained, as participants were enrolled by the study
coordinator, while group assignments were implemented by a
separate investigator who was unaware of the allocation
sequence.

https://mhealth.jmir.org/2026/1/e87628

Intervention: mHealth-Supported Exercise
Intervention

I ntensity Prescription and Progression

Exercise intensity during resistance training was prescribed
using arepetitions-in-reserve-based rating of perceived exertion
(RPE) scale [16]. Participants were instructed to perform
exercisesat an intensity corresponding to RPE 7 to 8, indicating
that they could complete approximately 2 to 3 additional
repetitions before fatigue. If participants reported that they could
perform >4 additional repetitions (RPE <6), resistance or
repetitions were increased. Conversely, if participants could
perform fewer than 1 to 2 additional repetitions (RPE =9) or
reported excessive fatigue, discomfort, or dizziness, the exercise
was modified by reducing resistance, repetitions, or range of
motion and increasing rest intervals. Progression followed a
standardized symptom-guided approach. When participants
completed all prescribed sets at RPE <7 for 2 consecutive
sessions, exercise difficulty was progressed by increasing
repetitions, adding sets, or advancing resistance band tension
and balance challenge. Thisallowed individualized progression
while maintaining safety in the early posttransplant period.
Details of the intervention strategies used have been previously
published [17]. Exercise equipment, including resistance bands,
resistance loop bands, and exercise mats, was shipped directly
to participants from COH. The exercise intervention consisted
of 2 phases. The first phase offered each participant 24
supervised exercise sessions, each lasting 50 minutes and held
3 times per week for 8 weeks. All sessionsin thefirst 8 weeks
were supervised remotely via videoconferencing. Participants
could reschedule or make up sessions if they were unable to
attend as planned. Their adherence to the program was tracked
on the platform. After completing theinitial 8-week intervention,
the second phase encouraged participantsto continue exercising
independently without direct monitoring by the exercisetrainer
for the subsequent 8 weeks until the follow-up physica
assessment (week 17). Participants in the control group were
asked to maintain their current lifestylefor 17 weeks. They were

JMIR Mhealth Uhealth 2026 | vol. 14 | e87628 | p. 3
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

later offered the same mHealth exercise intervention as a
courtesy, though it was not mandatory for completing the study
procedures.

Sample Exercise Plan

A representative example of a supervised exercise session
structure, including balance, strength, and core components
with repetitions-in-reserve-based RPE targets and progression
rules, is provided in Multimedia Appendix 1 to facilitate
reproducibility of the intervention.

Outcomes and Remote Assessments

We used a commercialy available mHealth exercise platform
(Moterum Technologies) that offers exercise videos, physical
activity monitoring, and automatic data collection from wearable
devices. We sent gait sensors (for the hip, right foot, and |eft
foot), a hand dynamometer, measuring tape, and blue tape to
each participant’s home via mail. This equipment was used to
assist in measuring physical function and frailty phenotype
outcomes before and after the intervention in both groups.

Frailty Phenotype (Primary Outcome): Componentsand
Cutoff Values

Frailty was assessed using the 5-component Fried phenotype
(score range 0-5), with 1 point assigned for each component
present and participants classified as prefrail (2/5) or frail (=3/5).
The operational definitionsfollowed the original Fried criteria:
(1) low BMI defined as BMI <18.5 kg/m?; (2) exhaustion
defined as a Functiona Assessment of Chronic Illness
Therapy-Fatigue score <30, indicating clinically meaningful
fatigue; (3) low physical activity defined as <600 metabolic
equivalent minute/week based on International Physical Activity
Questionnaire-Short Form scoring guidelines; (4) slow gait
speed defined as a 4-m walk speed <0.8 m/second; and (5)
weakness defined as handgrip strength <26 kg for men and <18
kg for women. All measures were obtained remotely using
mailed equipment and videoconference supervision. All frailty
assessments were conducted under live videoconference
supervision by trained research staff to ensure standardized
administration.

Physical Function

We assessed physical function remotely using the Short Physical
Performance Battery (SPPB) under the supervision (through
videoconferencing) of study staff. Remote administration of the
SPPB has previously been shown to demonstrate acceptable
validity and reliability compared with in-person assessment
when standardized instructions and camera positioning are used
[18,19]. SPPB included 3 lower extremity measures completed
in the following order: timed balance, gait speed, and chair
stand. We evaluated timed balance under three conditions: (1)
side-by-side stand with both feet placed on the ground for 10
seconds or when the participant steps out of position, (2)
semitandem stand with the side of the heel of one foot touching
the big toe of the other foot for 10 seconds or when the
participant steps out of position, and (3) tandem stand with the
heel of one foot touching the big toe of the other foot for 10
seconds or when the participant steps out of position. We
evaluated chair stand performance under 2 conditions:
participants performed asingle chair stand, and then they were
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asked to perform 5 repeated chair stands as quickly as possible.
The time taken to compl ete each task was recorded.

Sample Size and Power Calculation

The origina sample size calculation was based on detecting a
between-group difference in frailty phenotype score at week 9,
which was considered the primary early end point. Assuming
a 2-sided a of 0.05 80% power, 20% attrition, and a
within-person correlation of 0.80 across repeated measures, 60
participants (30 per group) were estimated to be required to
detect a standardized effect size (Cohen d) of 0.40. This effect
size was selected based on prior exercise intervention studies
demonstrating moderate improvements in frailty-related
functional outcomesin clinical populations[20,21].

Owing to recruitment challengesin this specific posttransplant
population, the final sample size was 32 participants (16 per
group). Under the same assumptions, this sample size provided
80% power to detect alarger effect size of 0.50. Therefore, this
study should be interpreted as an early-phase randomized trial
with adequate power to detect moderate-to-large intervention
effects but limited precison for smaller effects and
generalizability.

Statistical Analysis

We generated descriptive dstatistics for  participants
demographics, level of physical activity, and history of chronic
health conditions. Assuming a 2-sided type | error of 0.05,
intention-to-treat analyseswere performed using all randomized
participants. Changes in frailty index from baseline to week 9
and week 17 were evaluated using the Generalized Estimation
Equation methods with 2 indicators of time, assuming a
compound symmetry within-person correlation matrix. We
included treatment by timeinteraction and tested its significance
using a 2-df x? test. BMI, age, and race (non-Hispanic White
vs other) were included as a priori covariates for adjustment.
Additionally, between-group differences in outcome values at
week 17 were computed, along with 95% Cls, and compared
with differences at week 9.

Ethical Considerations

The study protocol was approved by the COH Institutional
Review Board (21406) and was conducted in accordance with
institutional and national ethical standardsfor researchinvolving
human participants. All participants provided written informed
consent electronically (DocuSign) prior to participation and
were ableto withdraw at any timewithout affecting their clinical
care. Study data were deidentified and stored on secure
institutional servers accessible only to authorized study
personnel. Participants received a US $50 gift card as
compensation for their time and participation. The trial was
registered at ClinicalTrials.gov (NCT05142371) on October
29, 2021.

Results

Participant Flow and Retention

A total of 212 potentially eligible patients with MM were
identified in the long-term follow-up program following HCT
at COH (Figure 1). Of the 129 successfully contacted patients
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with MM, 46 (36%) refused due to lack of interest, confidence
in mHealth exercise settings, and time and 45 (35%) were
deemed ineligible (Figure 2). Among the initial 33 prefrail or
frail patientswith MM who wereenrolled, 1 individua withdrew

Figurel. Study schema.

Screening

Randomization
and consent
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from the study prior to randomization. This resulted in 32
patients randomized equally to either the mHealth exercise
group (n=16) or the control group (n=16).

Telehealth exercise (n=16)

I_

Delayed control (n=16)

Baseline Supervised exercise —1 Postmeasures [— Unsupervised exercise || Follow-up | |
measures measures
| [ | [
Week0 | | Week 1-8 | [ weeks | | Week 9-16 | [ week17 |

Day 1 Day2 Day3 Dayd4 Day5 Day6 Day7

Day 1

Day 2

Day3 Day4 Day5 Day6 Day7

Exercise Rest Exercise | Rest | Exercise | Rest Rest

Exercise | Rest |Exercise | Rest | Exercise | Rest Rest

Figure2. CONSORT (Consolidated Standards of Reporting Trials) diagram of mobile health—based exercise intervention.

Potentially eligible
participants (n=212)

No response (n=83)

Primary physician refusal (n=5)
Patient refusal (n=46)
Nat frail (n=23)

High level of physical activity (n=22)

Informed consent
(n=33)

I W prior to randomization (n=1)

Baseline assessments (n=32)

Randomization

(n=32)

Exercise Control

(n=18) (n=16)
Week 9 assessments Week 9 assessments

(n=15) (n=15)

Week 17 Week 17

assessments assessments

(n=14) (n=14)

Baseline Characteristics

Baseline characteristicsare presented in Table 1. All participants
had received high-dose melphalan conditioning (standard dose,
200 mg/m?), with appropriate dose reduction (140 mg/m?) for
those with renal impairment (eg, creatinine clearance <40
mL/min), per standard of care. The mean ageat study enrollment
was 64.6 (SD 7.1) years. Of the 32 participants, 21 (66%) were

https://mhealth.jmir.org/2026/1/e87628
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female and 18 (56%) were non-Hispanic White. Themeantime
from HCT to study enrollment was 136 (SD 36.3) days. At
baseline, 30 (94%) participants were classified as frail and 2
(6%) as prefrail according to the Fried phenotype criteria. The
most common frailty characteristics were exhaustion (n=32,
100%) and low physical activity (n=30, 94%), followed by
weakness (n=23, 72%), dow gait speed (n=19, 59%), and low
BMI (n=1, 3%).
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Leeetd

Total (N=32) Exercise (n=16) Control (n=16)

Age (years), mean (SD) 64.6 (7.1) 64.0 (6.9) 65.1 (7.5)
Sex, n (%)

Male 11 (34) 4(25) 7 (44)

Female 21 (66) 12 (75) 9 (56)
BMI (kg/m?), mean (SD) 26.1(5.8) 27.3(7.3) 24.9 (3.7)
Race or ethnicity, n (%)

Non-Hispanic White 18 (56) 9 (56) 9 (56)

Hispanic White 6 (19) 2(13) 4(25)

African American 5(16) 3(19) 2(13)

Asian or Pacific Islander 3(9) 2(13) 1(6)
Comorbidities, n (%)

Hypertension 10 (3D) 4(25) 6 (38)

Diabetes 3(9) 2(13) 1(6)

Dyslipidemia 8(25) 5(31) 3(19)

Congestive heart failure 5(16) 2(13) 3(19)
Frailty, n (%)

Exhavustion 32 (100) 16 (100) 16 (100)

Low energy expenditure 30 (94) 15 (94) 15 (94)

Weakness 23(72) 12 (75) 11 (69)

Slow gait speed 19 (59) 9 (56) 10 (63)

Low BMI 1(3) 1(6) 0(0)
Physical activity (METminiwesk), mean (SD) 1441 8(812.2) 1490.9 (819.6) 1392.7 (828.4)

AMET: metabolic equivalent.

Intervention Adherence and Safety

All participants (32/32, 100%) successfully completed remote
physical function assessments prior to randomization and
initiation of the intervention. At week 9, 2 (6%) participants
were lost to follow-up, and an additional 2 (7%) were lost at
week 17 (1 from each group at both time points). During the
initial 8-week supervised phase, adherence to the 24 prescribed
EXercise sessions among participants in the intervention group
was 85% (326/384 sessions). During the subsequent 8-week
unsupervised phase, participants remained engaged with the
mHealth platform and completed 78% (298/384 sessions) of
the prescribed exercise sessions. No serious adverse events or
unintended effectswere reported during theintervention period.

https://mhealth.jmir.org/2026/1/e87628

Primary Outcome: Frailty Phenotype

Overadl, the mHedth exercise intervention resulted in a
significant adjusted between-group reduction in frailty
phenotype at week 9 (-0.92 points; 95% CI -1.38 to -0.46 ;
P<.001), which was further sustained at week 17 (-1.14 points;
95% CI -1.66 to —0.62; Table 2). Descriptively, 63% (10/16)
participants in the intervention group no longer met criteriafor
slow gait speed or low physical activity at both week 9 and
week 17, whereas 88% (14/16) participantsin the control group
continued to meet these frailty components across the study
period.
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Table 2. Between-group differencesin frailty and physical function outcomes at week 9 and week 17, estimated using generalized estimating equation

models.
Outcomes Baseline, Week 9 Week 17
mean (SD)
Mean (SD)  Between-group differ- P value Mean (SD) Between-group differ- P value
ence (95% ClI) ence (95% ClI)

5-scale frailty phenotype -0.97 (-1.32t0-0.63) < o1 -1.19(-1.72t0-0.66) < o1P
Exercise 3.94(1.1) 3.07(0.9) 2.79(0.7)
Control 3.88(1.1) 4.00 (0.9) 3.93(0.9)

Chair stand performance -188(-358t0-0.18) (32 -2.98 (-4.84t0-1.13) oob
Exercise 16.8(8.7) 13.6(7.3) 12.0 (4.6)
Control 12.4(3.1) 12.8(3.7) 12.7 (3.6)

Gait speed (m/s) 0.02 (-0.09 t0 0.13) .69 0.01(-0.19t00.22) .90
Exercise 1.08 (0.5) 1.12(0.5) 1.13(0.3)
Control 1.01 (0.4) 1.07 (0.3) 1.12(0.3)

Handgrip strength (dominant) 0.71 (-1.54 t0 2.97) 54 243 (-0.57t0 5.44) A1
Exercise 281(132)  29.6(12.1) 32.6(12.3)
Control 327(131)  315(12.8) 31.6 (11.1)

Handgrip strength (nondominant) 1.78 (-0.77 t0 4.35) 17 1.19 (-2.06 to 4.46) 47
Exercise 24.8(9.2) 27.5(11.2) 28.4(10.6)
Control 289(131)  28.7(13.4) 29.3(12.2)

Short Physical Performance Battery 0.35(-0.20t0 0.92) 21 0.64 (-0.14 t0 1.42) A1
Exercise 10.3(1.9) 10.6 (1.6) 10.8 (1.4)
Control 10.4 (1.3) 10.5 (1.5) 10.3 (1.5)

BMI -0.27 (-1.06t00.51) .25 -045(-1.38100.48) .35
Exercise 27.3(7.3) 27.7(7.3) 28.2(7.1)
Control 24.9(3.7) 25.3(3.5) 26.2(3.2)

3Between-group differences represent adjusted change estimates (exercise vs control) derived from generalized estimating equation models with 95%

Cls based on intention-to-treat analysis.

bp values correspond to the treatment by time interaction terms from the same models.

Secondary Outcomes: Physical Function

The mHealth exercise intervention resulted in a significant
adjusted between-group improvement in chair stand performance
at week 9 (—2.78 seconds; 95% CI —4.66 to —0.90) that was
sustained at week 17 (—3.50 seconds; 95% CI -5.58 to —1.42;
Table 2). The adjusted between-group difference in handgrip
strength did not reach dtatistica significance. However,
descriptively, dominant arm strength increased within the
intervention group, with 50% (8/16) participants demonstrating
an increase of >1 kg by week 9 that was maintained through
week 17, whereas no consistent change was observed in the
control group.

Discussion

Principal Findings

The findings of this study demonstrated the efficacy of an
mHealth exercise intervention in improving frailty phenotype
and physical function among patientswith MM who had recently

https://mhealth.jmir.org/2026/1/e87628

undergone autologous HCT. This study is among the first to
evaluate a fully remote, supervised mHeath exercise
intervention specifically targeting frailty reversal in patients
with MM following transplantation. Thisindicatesthe potential
for mHealth interventions to provide sustainable support and
benefits for individuals with MM beyond their major cancer
treatments. The observed improvements in chair stand
performance highlight the potential of mHealth exercise to
address key aspects of physical function in patients with MM.
These outcomes are clinically meaningful, aseach unit increase
in chair stand score has been associated with a 21%
improvement in survival among older adults [22].

Comparison With Prior MM Trials

Randomized evidence supporting exercise and behaviora
interventions in MM is emerging; however, prior trials have
largely focused on behavioral coaching models rather than the
delivery of structured, progressive exercise targeting functional
recovery and frailty. The REAL-FITNESS trial randomized
newly diagnosed patients to a World Health
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Organization—compliant physical activity prescription during
induction therapy and demonstrated improvements in fatigue,
depression, grip strength, comorbidity burden, and quality of
life [23]. This study importantly established that promoting
guideline-based physical activity is feasible and beneficial
during treatment. However, the intervention primarily
emphasized adherence to aerobic and resistance activity targets
rather than delivering supervised, progressive exercise with
guantified intensity, and the population did not include patients
recovering from the physiological stress of transplantation where
frailty risk is substantially heightened. Similarly, Larsen et a
[24] conducted arandomized trial of a 10-week individualized
exercise program in newly diagnosed patients with MM with
careful adjustment for lytic bone disease. Thetrial demonstrated
that exercise is safe in this population and may improve
functional measures such as sit-to-stand performance and aerobic
capacity. However, no clear between-group superiority was
observed, and the study popul ation consisted of patients earlier
intheir diseasetragectory rather than individualsin the high-risk
posttransplant recovery phase. Moreover, neither study used
frailty as a primary outcome. In contrast, Banerjee et al [25]
evaluated a digital life coaching intervention during stem cell
transplantation and demonstrated that sustained patient
engagement and patient-reported outcomes can be maintained
through afully remote support model even during theintensive
peritransplant period. Whilethiswork demonstrated the potential
of digital health platformsin MM care, theintervention focused
on behavioral coaching and patient-reported outcomes rather
than structured exercise delivery or objective functional end
points.

Thistrial extendsthisliteraturein several clinically meaningful
ways. First, it specifically targets the early recovery window
following autologous transplantation and deliberately enrolls
individuals who are prefrail or frail, a subgroup central to
posttransplant morbidity but underrepresented in prior MM
exercise trials. Second, the intervention delivers supervised,
progressive exercise with explicit intensity and progression
during the early phase, followed by asustainability phase within
the same mHealth ecosystem, rather than relying primarily on
activity encouragement or coaching. Third, the study pairsthis
intervention with remote objective functional assessments and
afrailty phenotype end point, directly evaluating frailty reversal
rather than changesin activity volume or quality of life metrics
alone. Collectively, these features position mHealth-supported
exercise rehabilitation as a scalable strategy for functional
recovery and frailty reversal in survivors of MM after
transplantation, complementing and extending prior MM trials
conducted in earlier disease phases and coaching-focused digital
models.

Interpretation and Potential M echanisms

The observed adherence to the prescribed exercise sessions
during both the supervised (326/384, 85%) and unsupervised
phases of theintervention (298/384, 78%) is noteworthy. Despite
the transition to unsupervised exercise sessions during the
second 8-week phase, participants remained physically active
and responsive to the prescribed exercise regimen. Thisindicates

Leeetd

the feasibility and sustainability of mHealth exercise
interventionsin facilitating engagement in continuous exercise
training among patientswith MM, even in the absence of direct
supervision. Developing atailored exercise intervention within
similar disease and treatment profiles may allow for health care
professional s to address specific patient’s needs or challenges
and enhance the effectiveness of rehabilitation strategies. One
notable aspect of the findings from this study is the absence of
significant improvement in gait speed following theintervention,
despite the observed improvements in other measures of chair
stand performance and frailty phenotype. Gait speed iswidely
used to assess functional capacity, and its assessment provides
valuableinsightsinto anindividual’s ability to perform physical
activities[26]. However, the discrepancy between self-reported
improvements in gait and the lack of significant changes in
objective measures of gait speed in our study may present an
intriguing aspect of the study findings. While participants may
have subjectively perceived improvements in their gait, as
reflected in self-reported frailty phenotype assessments, these
perceptions may not have translated into measurable changes
in gait speed during objective assessments [27]. It is possible
that participants experienced improvements in other aspects of
gait performance, such as perceptions of effort or changes in
overall mobility, that were not captured by the gait speed itself.
Furthermore, variability in testing conditions, such asthetesting
environment and surface conditions, may have influenced gait
speed measurements and introduced variability in the results.

Limitations

While this study represents an important step forward in
exploring the potential of mHealth exercise interventions to
improve frailty phenotype and physical function in patientswith
MM, it is important to acknowledge certain limitations. First,
the sample size was modest and drawn from a single center,
which limits statistical precision and generalizability. Second,
the control group did not receive an attention-matched
intervention; therefore, nonspecific effects related to increased
contact, accountability, or health-focused reminders cannot be
excluded as contributors to the observed improvements. Third,
eigibility required English proficiency and familiarity with
telehealth technology, which may limit applicability to
non-English speakers and individualswith lower digital literacy.
Finaly, dathough remote objective assessments were
incorporated, some frailty components relied on self-report
measures, which may introduce reporting bias.

Conclusions

In conclusion, this study contributes to the growing body of
evidence supporting the efficacy of mHealth exercise
interventions in improving frailty phenotype and physical
function among patients with MM. These findings have
important implications for the development of accessible
exerciseinterventions aimed at enhancing thefunctiona capacity
of individuals living with MM. Further research is needed to
explore the long-term effects and potential mechanisms
underlying the observed improvements, as well as to optimize
the delivery and implementation of mHealth-based exercise
programs in this popul ation.

https://mhealth.jmir.org/2026/1/e87628

JMIR Mhealth Uhealth 2026 | vol. 14 | eB7628 | p. 8
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Lecetd

Acknowledgments

The authors thank the participants and clinical staff at the City of Hope Comprehensive Cancer Center for their contributions to
this study. No generative artificial intelligence tools were used in the writing, analysis, or preparation of this manuscript.

Funding

This study was supported by the 2021 Steven Gordon and Briskin Family Innovation Grant. The funding source had no rolein
the design of the study; data collection, analysis, or interpretation; manuscript preparation; or the decision to submit the manuscript
for publication.

Data Availability

The datasets generated and analyzed during this study are not publicly available due to institutional data protection policies but
are available from the corresponding author on reasonable request and with appropriate institutional approvals.

Authors Contributions

Conceptualization: all authors
Methodology: KL, JS

Resources: KL, SA

Supervision: KL

Writing — original draft: all authors
Writing — review and editing: all authors

Conflictsof I nterest

AK isaconsultant for AstraZeneca, BMS, GSK, Roche, Abbvie, Sanofi, Johnson & Johnson, and Pfizer, and own BMS stock.
The other authors have no conflicts of interest to disclose.

Multimedia Appendix 1

Representative structure of a supervised mobile health exercise session, including balance, strength, core stability, and functional
mobility components, with repetitions-in-reserve-based rating of perceived exertion targets and progression rules.
[DOCX File, 15 KB-Multimedia Appendix 1]

Multimedia Appendix 2

CONSORT checklist.
[PDE File (Adobe PDF File), 1446 KB-Multimedia Appendix 2]

References

1. Siegd RL, Kratzer TB, Giaguinto AN, Sung H, Jemal A. Cancer statistics, 2025. CA Cancer J Clin. 2025;75(1):10-45.
[FREE Full text] [doi: 10.3322/caac.21871] [Medline: 39817679]

2. D'Souza A, Fretham C, Lee SJ, AroraM, Brunner J, Chhabra S, et al. Current use of and trends in hematopoietic cell
transplantation in the United States. Biol Blood Marrow Transplant. Aug 2020;26(8):e177-e182. [FREE Full text] [doi:
10.1016/j.bbmt.2020.04.013] [Medline: 32438042]

3. AroraM, Sun CL, NessKK, Teh JB, Wu J, Francisco L, et al. Physiologic frailty in nonelderly hematopoietic cell
transplantation patients: results from the Bone Marrow Transplant Survivor Study. JAMA Oncol. Oct 01,
2016;2(10):1277-1286. [FREE Full text] [doi: 10.1001/jamaoncol.2016.0855] [Medline: 27254472]

4.  Sverrisdéttir IS, Rognvaldsson S, Thorsteinsdottir S, Gislason GK, Aspelund T, Turesson I, et . Comorbiditiesin multiple
myeloma and implications on survival: a population-based study. Eur J Haematol. Jun 2021;106(6):774-782. [doi:
10.1111/ejh.13597] [Medline: 33565126]

5. Pate BG, Luo S, Wildes TM, Sanfilippo KM. Frailty in older adults with multiple myeloma: a study of US veterans. JCO
Clin Cancer Inform. Feb 2020;4:117-127. [doi: 10.1200/CCI.19.00094] [Medline: 32083955]

6. NessKK, Krull KR, JonesKE, Mulrooney DA, Armstrong GT, Green DM, et a. Physiologic frailty asasign of accelerated
aging among adult survivors of childhood cancer: areport from the St Jude Lifetime cohort study. J Clin Oncol. Dec 20,
2013;31(36):4496-4503. [FREE Full text] [doi: 10.1200/JC0.2013.52.2268] [Medline: 24248696]

7.  Engehardt M, Domm AS, Dold SM, lhorst G, Reinhardt H, Zober A, et a. A concise revised Myeloma Comorbidity Index
asavalid prognostic instrument in alarge cohort of 801 multiple myeloma patients. Haematologica. May
2017;102(5):910-921. [FREE Full text] [doi: 10.3324/haematol.2016.162693] [Medline: 28154088]

https://mhealth.jmir.org/2026/1/e87628 JMIR Mhealth Uhealth 2026 | vol. 14 | e87628 | p. 9
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v14i1e87628_app1.docx&filename=823636af12060ef1865ab9c31244a9d2.docx
https://jmir.org/api/download?alt_name=mhealth_v14i1e87628_app1.docx&filename=823636af12060ef1865ab9c31244a9d2.docx
https://jmir.org/api/download?alt_name=mhealth_v14i1e87628_app2.pdf&filename=73929d6386d915b2964982e456299ff7.pdf
https://jmir.org/api/download?alt_name=mhealth_v14i1e87628_app2.pdf&filename=73929d6386d915b2964982e456299ff7.pdf
https://onlinelibrary.wiley.com/doi/10.3322/caac.21871
http://dx.doi.org/10.3322/caac.21871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39817679&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1083-8791(20)30225-1
http://dx.doi.org/10.1016/j.bbmt.2020.04.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32438042&dopt=Abstract
https://europepmc.org/abstract/MED/27254472
http://dx.doi.org/10.1001/jamaoncol.2016.0855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27254472&dopt=Abstract
http://dx.doi.org/10.1111/ejh.13597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33565126&dopt=Abstract
http://dx.doi.org/10.1200/CCI.19.00094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32083955&dopt=Abstract
https://europepmc.org/abstract/MED/24248696
http://dx.doi.org/10.1200/JCO.2013.52.2268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24248696&dopt=Abstract
https://europepmc.org/abstract/MED/28154088
http://dx.doi.org/10.3324/haematol.2016.162693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28154088&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Lecetd

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Palumbo A, Bringhen S, Mateos MV, Larocca A, Facon T, Kumar SK, et al. Geriatric assessment predicts survival and
toxicitiesin elderly myeloma patients: an International Myeloma Working Group report. Blood. Mar 26,
2015;125(13):2068-2074. [FREE Full text] [doi: 10.1182/blood-2014-12-615187] [Medline: 25628469]

Wada'Y, Nishi M, Yoshikawa K, Takasu C, Tokunaga T, Nakao T, et a. Preoperative nutrition and exercise intervention
in frailty patients with gastric cancer undergoing gastrectomy. Int J Clin Oncol. Sep 2022;27(9):1421-1427. [doi:
10.1007/s10147-022-02202-z] [Medline: 35771395]

Ushijima A, MoritaN, Hama T, Yamamoto A, Yoshimachi F, Ikari Y, et al. Effects of cardiac rehabilitation on physical
function and exercise capacity in elderly cardiovascular patients with frailty. J Cardiol. Apr 2021;77(4):424-431. [FREE
Full text] [doi: 10.1016/].jjcc.2020.11.012] [Medline: 33288376]

Zwidler AD, Norton RJ, Dean SG, Dala H, Tang LH, Wingham J, et al. Home-based cardiac rehabilitation for people with
heart failure: a systematic review and meta-analysis. Int J Cardiol. Oct 15, 2016;221:963-969. [doi:
10.1016/j.ijcard.2016.06.207] [Medline: 27441476]

Gorzelitz JS, Stoller S, Costanzo E, Gangnon R, Koltyn K, Dietz AT, et a. Improvements in strength and agility measures
of functional fitness following atelehealth-delivered home-based exercise intervention in endometrial cancer survivors.
Support Care Cancer. Jan 2022;30(1):447-455. [FREE Full text] [doi: 10.1007/s00520-021-06415-2] [Medline: 34304292]
Peng Y, Zhang K, Wang L, Peng Y, Liu Z, Liu L, et al. Effect of atelehealth-based exercise intervention on the physical
activity of patients with breast cancer: a systematic review and meta-analysis. Asia Pac J Oncol Nurs. Jul 22,
2022;9(12):100117. [FREE Full text] [doi: 10.1016/j.apjon.2022.100117] [Medline: 36276881]

Fried LR, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty in older adults: evidence for aphenotype.
JGerontol A Biol Sci Med Sci. Mar 2001;56(3):M146-M156. [doi: 10.1093/gerona/56.3.m146] [Medline: 11253156]
Armenian SH, Horak D, Scott JM, Mills G, Siyahian A, Berano Teh J, et al. Cardiovascular function in long-term
hematopoietic cell transplantation survivors. Biol Blood Marrow Transplant. Apr 2017;23(4):700-705. [FREE Full text]
[doi: 10.1016/j.bbmt.2017.01.006] [Medline: 28065839]

Cowley N, Nicholson V, Timmins R, Munteanu G, Wood T, GarciaRamos A, et a. The effects of percentage-based, rating
of perceived exertion, repetitionsin reserve, and vel ocity-based training on performance and fatigue responses. J Strength
Cond Res. Apr 01, 2025;39(4):€516-e529. [doi: 10.1519/JSC.0000000000005026] [Medline: 39787033]

Lee K, Nathwani N, Shamunee J, Lindenfeld L, Wong FL, Krishnan A, et a. Telehealth exercise to improve physical
function and frailty in patients with multiple myeloma treated with autol ogous hematopoietic stem cell transplantation
(TIPS): protocol of arandomized controlled trial. Trials. Nov 03, 2022;23(1):921. [FREE Full text] [doi:
10.1186/s13063-022-06848-y] [Medline: 36329525]

Fyfe JJ, Sousa F, Watson-Mackie K, Jansons P, Scott D, Daly RM. Remote physical function testing in older adults: a
mixed methods study exploring test reliability, feasibility, and perceptions of participants and assessors. PL0oS One. Sep
19, 2025;20(9):€0332691. [FREE Full text] [doi: 10.1371/journal.pone.0332691] [Medline: 40971978]

Guidarelli C, Lipps C, Stoyles S, Dieckmann NF, Winters-Stone KM . Remote administration of physical performance tests
among personswith and without acancer history: establishing reliability and agreement with in-person assessment. JGeriatr
Oncol. Jun 2022;13(5):691-697. [FREE Full text] [doi: 10.1016/j.jg0.2022.02.002] [Medline: 35177378]

van Waart H, Stuiver MM, van Harten WH, Geleijn E, Kieffer M, Buffart LM, et al. Effect of low-intensity physical
activity and moderate- to high-intensity physical exercise during adjuvant chemotherapy on physical fitness, fatigue, and
chemotherapy completion rates: results of the PACES randomized clinical trial. JClin Oncol. Jun 10, 2015;33(17):1918-1927.
[doi: 10.1200/JC0O.2014.59.1081] [Medline: 25918291]

Pahor M, Guralnik JM, Ambrosius WT, Blair S, Bonds DE, Church TS, et al. Effect of structured physical activity on
prevention of major mobility disability in older adults: the LIFE study randomized clinical trial. JAMA. Jun 18,
2014;311(23):2387-2396. [FREE Full text] [doi: 10.1001/jama.2014.5616] [Medline: 24866862]

Brito LB, Ricardo DR, Araljo DS, Ramos PS, Myers J, Araljo CG. Ability to sit and rise from the floor as a predictor of
all-cause mortality. Eur J Prev Cardiol. Jul 2014;21(7):892-898. [doi: 10.1177/2047487312471759] [Medline: 23242910]
Dreyling E, Rader J, Moller MD, lhorst G, Wenger S, Pahl A, et al. A randomized controlled 'REAL-FITNESS trial to
evaluate physical activity in patients with newly diagnosed multiple myeloma. J Cachexia Sarcopenia Muscle. Apr
2025;16(2):e13793. [FREE Full text] [doi: 10.1002/jcsm.13793] [Medline: 40196920]

Larsen RF, Jarden M, Minet LR, Fralund UC, Hermann AP, Breum L, et al. Exercise in newly diagnosed patients with
multiple myeloma: arandomized controlled trial of effects on physical function, physical activity, lean body mass, bone
mineral density, pain, and quality of life. Eur JHaematol. Sep 2024;113(3):298-309. [doi: 10.1111/ejh.14215] [Medline:
38717071]

Banerjee R, Huang CY, Dunn L, Knoche J, Ryan C, Brassil K, et al. Digital life coaching during stem cell transplantation:
development and usability study. IMIR Form Res. Mar 04, 2022;6(3):e33701. [FREE Full text] [doi: 10.2196/33701]
[Medline: 35039279]

Veronese N, Stubbs B, Volpato S, Zuliani G, Maggi S, Cesari M, et al. Association between gait speed with mortality,
cardiovascular disease and cancer: a systematic review and meta-analysis of prospective cohort studies. JAm Med Dir
Assoc. Nov 2018;19(11):981-8.e7. [doi: 10.1016/j.jamda.2018.06.007] [Medline: 30056008]

https://mhealth.jmir.org/2026/1/e87628 JMIR Mhealth Uhealth 2026 | vol. 14 | e87628 | p. 10

(page number not for citation purposes)


http://hdl.handle.net/2318/158809
http://dx.doi.org/10.1182/blood-2014-12-615187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25628469&dopt=Abstract
http://dx.doi.org/10.1007/s10147-022-02202-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35771395&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0914-5087(20)30372-5
https://linkinghub.elsevier.com/retrieve/pii/S0914-5087(20)30372-5
http://dx.doi.org/10.1016/j.jjcc.2020.11.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33288376&dopt=Abstract
http://dx.doi.org/10.1016/j.ijcard.2016.06.207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27441476&dopt=Abstract
https://europepmc.org/abstract/MED/34304292
http://dx.doi.org/10.1007/s00520-021-06415-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34304292&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2347-5625(22)00175-5
http://dx.doi.org/10.1016/j.apjon.2022.100117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36276881&dopt=Abstract
http://dx.doi.org/10.1093/gerona/56.3.m146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11253156&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1083-8791(17)30076-9
http://dx.doi.org/10.1016/j.bbmt.2017.01.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28065839&dopt=Abstract
http://dx.doi.org/10.1519/JSC.0000000000005026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39787033&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-022-06848-y
http://dx.doi.org/10.1186/s13063-022-06848-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36329525&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0332691
http://dx.doi.org/10.1371/journal.pone.0332691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40971978&dopt=Abstract
https://europepmc.org/abstract/MED/35177378
http://dx.doi.org/10.1016/j.jgo.2022.02.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35177378&dopt=Abstract
http://dx.doi.org/10.1200/JCO.2014.59.1081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25918291&dopt=Abstract
https://europepmc.org/abstract/MED/24866862
http://dx.doi.org/10.1001/jama.2014.5616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24866862&dopt=Abstract
http://dx.doi.org/10.1177/2047487312471759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23242910&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13793
http://dx.doi.org/10.1002/jcsm.13793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40196920&dopt=Abstract
http://dx.doi.org/10.1111/ejh.14215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38717071&dopt=Abstract
https://formative.jmir.org/2022/3/e33701/
http://dx.doi.org/10.2196/33701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35039279&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2018.06.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30056008&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Lecetd

27. ButaB, Zheng S, Langdon J, Adeosun B, Bandeen-Roche K, Walston J, et al. Agreement between standard and self-reported
assessments of physical frailty syndrome and its componentsin aregistry of community-dwelling older adults. BMC Geriatr.
Aug 25, 2022;22(1):705. [FREE Full text] [doi: 10.1186/s12877-022-03376-x] [Medline: 36008767]

Abbreviations
COH: City of Hope
CONSORT: Consolidated Standards of Reporting Trials
HCT: hematopoietic cell transplantation
mHealth: mobile health
MM: multiple myeloma
RPE: rating of perceived exertion
SPPB: Short Physical Performance Battery

Edited by L Buis; submitted 11.Nov.2025; peer-reviewed by R Banerjee, J Hardwick; comments to author 13.Jan.2026; accepted
02.Apr.2026; published 21.May.2026

Please cite as:

Lee K, Shamunee J, Lee H, Du X, Lindenfeld L, Krishnan A, Nathwani N, Wong FL, Armenian S

mHealth-Supported Exercise Rehabilitation to Reverse Frailty After Autologous Transplantation in Multiple Myeloma: Randomized
Controlled Trial

JMIR Mhealth Uhealth 2026; 14:€87628

URL: https://mhealth.jmir.org/2026/1/e87628

doi: 10.2196/87628

PMID:

©Kyuwan L ee, Justin Shamunee, Haehyun Lee, Xinyi Du, Lanie Lindenfeld, AmritaKrishnan, Nitya Nathwani, F Lennie Wong,
Saro Armenian. Originally published in IMIR mHesalth and uHedlth (https://mhealth.jmir.org), 21.May.2026. Thisisan 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 uHedlth, is properly cited. The complete bibliographic information, a link to the origina publication on
https://mhealth.jmir.org/, as well as this copyright and license information must be included.

https://mhealth.jmir.org/2026/1/e87628 JMIR Mhealth Uhealth 2026 | vol. 14 | e87628 | p. 11
(page number not for citation purposes)

RenderX


https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-022-03376-x
http://dx.doi.org/10.1186/s12877-022-03376-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36008767&dopt=Abstract
https://mhealth.jmir.org/2026/1/e87628
http://dx.doi.org/10.2196/87628
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/

