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Abstract

Background: Childhood cancer survivors (CCS) have a 50% higher risk of diabetes

mellitus (DM) compared with the general population. Interventions in survivors with

prediabetes (fasting glucose 100-125 mg/dL or hemoglobin A1c 5.7%-6.4%) may

mitigate the development of DM and its attendant morbidity, but there is limited

information on the feasibility of secondary prevention in this setting.

Methods: This 6-week pilot feasibility 1:1 randomized controlled trial enrolled 20

CCS on a structured telehealth exercise program ± nicotinamide riboside (NR), a

nicotinamide adenine dinucleotide precursor. Feasibility metrics were: (1) ≥50% of

eligible CCS enrolled onto study; (2) ≥70% of participants completed baseline and

end-of-study assessments; (3) ≥70% compliance with exercise and NR. Secondary

endpoints included changes in biomarkers associated with glucose homeostasis and

muscle health.

Results: Median age (years) at cancer diagnosis was 16.5 (range, 1.5-21.5) and 35.5

(range, 18.0-67.0) at study enrollment. Enrollment rate was 87%, and 85% of par-

ticipants completed baseline and end-of-study assessments. The mean percentage

of exercise sessions completed was 86.6%; NR compliance was > 90%. There were

no severe adverse events attributable to study interventions. Secondary endpoints

were not significantly different between study arms at study completion. Myostatin

decrease was observed in participants who completed a higher median number of

exercise sessions andwas associated with decreased intramuscular adipose tissue and

increased lower extremity muscle cross-sectional area.

Conclusions:A telehealth exercise intervention±NR supplementation was feasible in

CCSwith prediabetes. Future studies in larger cohortsmay be needed to evaluate their

beneficial effects onmuscle health andDM risk among CCS.

Abbreviations: BIA, Bioelectrical impedance analysis; BMI, Bodymass index; CCS, Childhood cancer survivor; COH, City of Hope; CSA, Cross-sectional area; DM, Diabetes mellitus; Ex, Exercise;

HbA1c, Hemoglobin A1c; HCT, Hematopoietic cell transplantation; HOMA-IR, Homeostatic model assessment for insulin resistance; IMAT, Intramuscular adipose tissue; LTFU, Long-term

follow-up; NAD, Nicotinamide adenine dinucleotide; NR, Nicotinamide riboside; OXPHOS, Oxidative phosphorylation; SPPB, Short physical performance battery; US, Ultrasound.

Pediatr Blood Cancer. 2025;72:e31369. © 2024Wiley Periodicals LLC. 1 of 9wileyonlinelibrary.com/journal/pbc

https://doi.org/10.1002/pbc.31369

https://orcid.org/0000-0003-2069-1518
https://orcid.org/0000-0002-7273-1158
https://orcid.org/0000-0003-2604-8603
mailto:rbhandari@coh.org
https://wileyonlinelibrary.com/journal/pbc
https://doi.org/10.1002/pbc.31369
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fpbc.31369&domain=pdf&date_stamp=2024-10-10


2 of 9 BHANDARI ET AL.

KEYWORDS

Childhood cancer survivor, nicotinamide riboside, prediabetes, remote exercise

1 BACKGROUND

Five-year survival rates exceed 85% for most pediatric malignancies,1

and there are currently an estimated 500,000 childhood cancer sur-

vivors (CCS) in the United States alone.2 However, cancer and its

associated treatment exposures at a young age can contribute to a high

burden of chronic health conditions in adulthood. CCS have a nearly

six-fold higher cumulative incidence of at least one chronic health con-

dition compared with their siblings, and conditions such as diabetes

and sarcopenia, or lowmusclemass, have emerged as leading contribu-

tors tomorbidity and excess mortality.3–8 Diabetes and sarcopenia are

closely related, as skeletalmusclemediates>80%of thebody’s insulin-

stimulated glucose disposal, and hyperglycemia directly contributes to

skeletal muscle atrophy.9,10 Interventions that leverage the mechanis-

tic link between diabetes and sarcopenia have the potential to improve

insulin-stimulated glucose disposal by muscle tissue.11 This may be

especially useful for patients with prediabetes, a condition that pre-

cedes diabetes and is nearly twice as prevalent among CCS compared

with age-matched controls.4

Exercise has been shown to improve muscle health, including

muscle mass, strength, and physical function, in individuals with

prediabetes.12,13 However, studies examining the efficacy of exercise

interventions to improve muscle health, and in turn diabetes risk, in

long-term CCS have been limited. Historically, exercise interventions

have required participants to attend facility-based, scheduled exercise

programs,14,15 which can be prohibitive for patients due to trans-

portation requirements and scheduling conflicts. Remote programs

integrating individualized exercise training with flexible schedules are

needed to increase accessibility and optimize the uptake of effective

doses of exercise.

Adjunctive approaches may be needed to optimize the effects

of exercise on diabetes risk and muscle health, especially in CCS,

who have increased exercise intolerance due to their previous treat-

ment exposures and comorbidities.16,17 With regard to chemopre-

vention, there are currently no FDA-approved medications specif-

ically to prevent diabetes. Four nicotinamide adenine dinucleotide

(NAD) coenzymes are the central catalysts of metabolism that are

critical for a myriad of cellular processes including mitochondrial

oxidative phosphorylation (OXPHOS), anabolic reactions, and repair

capacity.18 OXPHOS capacity is decreased in individuals with diabetes

and/or sarcopenia,19,20 which is a disease of diminished anabolism

and repair.21 NAD precursors are increasingly being investigated for

their potential to improve muscle health in the general non-oncology

population. Nicotinamide riboside (NR) is the nucleoside precursor

of NAD22 that is available over-the-counter, safely orally bioavailable

to adults,23,24 and has demonstrated anti-inflammatory activity when

administered alone.25–31

The objective of this trial was to evaluate the feasibility of a remote

telehealth exercise program with or without NR supplementation in

adult CCS with prediabetes. Secondary objectives were to study the

effects of the intervention on measures of prediabetes and muscle

health. We hypothesized that this six-week intervention would be fea-

sible and that the combination of exercise and NR would result in

greater improvement in glucose homeostasis and muscle health than

exercise alone.

2 METHODS

2.1 Participants and randomization

Studyparticipantswere identified from the institutional reviewboard–

approved City of Hope (COH) Long-Term Follow-Up (LTFU) Clinic

for survivors of childhood, adolescent, and young adult cancer. The

clinic provides comprehensive long-term risk-based screening for late

effects for survivors who are in remission and at least 2 years off

therapy. Eligibility criteria for this study included: history of child-

hood cancer diagnosis or hematopoietic cell transplantation (HCT)

before 22 years of age; with prediabetes (most recent hemoglobin A1c

[HbA1c] 5.7%-6.4% and/or fasting glucose of 100-125 mg/dL)32; ≥18

years of age and in remission at the time of enrollment; able to access

online exercise program at home; able to participate in an exercise

program; English-speaking. Exclusion criteria were: taking an NAD

precursor in the 2 weeks prior to enrollment; taking medication for

hyperglycemia or diabetes at the timeof enrollment; femaleswhowere

pregnant or planning to becomepregnant. This studywas registeredon

clinicaltrials.gov (NCT05023993).

Following a database review for eligibility, research staff sent a

letter to potential participants informing them about the study. If

interested, inclusion/exclusion criteria were confirmed, and informed

consent was signed in person, bymail, or via DocuSign. Enrolled partic-

ipants were randomized 1:1 to 6 weeks of remote exercise alone (Ex

arm) or remote exercise and NR (Ex + NR arm). Randomization was

stratified on whether or not participants were obese per CDC classi-

fication (BMI ≥ 95th percentile if< 20 years of age or BMI ≥ 30 if ≥ 20

years of age), as obesity is one of the strongest risk factors for DM and

may also play a role in differential responses to the intervention.32–36

The randomization sequence was developed by the study statistician.

2.2 Interventions

All study participants received the telehealth resistance exercise inter-

vention (3 sessions/week for 6 weeks; ∼30 minutes per session). The

 15455017, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pbc.31369 by U

niversity of H
elsinki, W

iley O
nline L

ibrary on [22/05/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



BHANDARI ET AL. 3 of 9

exercise program focused on targeting major muscle groups with a

combination of exercises aimed at improving muscular strength and

endurance. The intensity of the exercises was guided by Borg’s cate-

gory ratio scale,which ranges from1to10,with1 indicatingnoexertion

and 10 representing maximal effort. Participants were instructed to

perform each exercise at a perceived exertion level between 5 and 7,

corresponding to moderate to somewhat hard intensity, with adjust-

ments made based on their individual responses and progression over

time. Each exercise session typically included 8-10 different resistance

exercises, with participants performing 2-3 sets of 8-12 repetitions per

exercise. As participants adapted to the program, the exercise regimen

was progressively adjusted to maintain the targeted range, ensuring

a consistent challenge and continued improvement. Exercise equip-

ment (exercise mat, loop bands, and resistance bands) was provided

to participants at their baseline visit. The telehealth exercise platform

(MoterumTechnologies, Inc., South Salt Lake, UT, USA) was used to

remotely deliver the exercise programand capture participants’ adher-

ence to theprescribedexercise sessions. The first twoexercise sessions

were supervised by a certified exercise trainer remotely; thereafter,

participants were advised to log on to the Moterum platform and

perform their prescribed exercise regimens voluntarily without super-

vision. The exercise adherence was automatically captured on the

telehealth platform by confirming whether the prescribed exercise

videos were played. Exercise regimens were modified by the trainer as

needed based on participants’ individual abilities and preferences.

Participants who were randomized to receive NR were instructed

to take the capsules (Niagen 250 mg/capsule; ChromaDex; Irvine, CA,

USA) at adoseof 1000mg/day at around the same timeeachday, and to

not make up doses if missed. The last dose of NRwas scheduled for the

day prior to the end-of-study visit. Participants returned any remain-

ing NR capsules, and a pill count was performed to assess compliance.

Study staff contacted all participants duringweeks 2 and 4 of the inter-

vention period to assess interim compliance, changes inmedical status,

adverse events, or questions regarding the study procedures. Adverse

events were graded per the Common Terminology Criteria for Adverse

Events (CTCAE) version 5.0.37

2.3 Study efficacy assessments

All study objective assessments were performed in person at COH at

baseline and end-of-study visits. Biomarkers of glucose homeostasis and

muscle: Fasting peripheral blood was obtained for the following tests:

glucose, HbA1c (%), insulin (uIU/mL), and C-peptide (ng/mL) levels. The

homeostatic model assessment for insulin resistance (HOMA-IR) was

calculated as: (fasting insulin [µU/mL] × fasting glucose [mmol/L]) /

22.5).38 Plasma myostatin was measured using the human quantikine

myostatin immunoassay solid phase enzyme-linked immunosorbent

assay (ELISA; R&D Systems; Minneapolis, MN, USA). Body composition

and muscle health: Handheld dynamometry (Camry; South El Monte,

CA,USA)was performed tomeasure grip strength. Thiswas performed

three times per hand, and the highest value (in kg) for each hand was

used in analyses. Short physical performance battery (SPPB), which

included balance (ability to maintain side-by-side, semi-tandem, and

tandem stances for 10 seconds each), gait speed (timed 3-meter walk,

2 attempts per participant), and chair stand (time to rise from chair 5

times with arms across the chest for “sit-to-stands”), was performed.

The SPPB was scored as previously described, with individual scores

for each portion added together for a maximum possible score of

12.39,40 Ultrasound (US) of the rectus femoris, lateral gastrocnemius,

and medial gastrocnemius muscles was performed using a portable

Philips Lumify L12-4 ultrasound probe (Philips, Bothell, WA, USA) and

software (MuscleSound, Denver, CO, USA) that provided real-time

information on muscle size (thickness, cross-sectional area [CSA]) and

intramuscular adipose tissue (IMAT).Measurements of whole-body fat

and fat-freemass, segmental skeletalmusclemass, andvisceral adipose

tissue were obtained using multifrequency bioelectrical impedance

analysis (BIA; Seca mBCA, Hamburg, Germany). Participants received

a $50 gift card at study completion.

2.4 Statistical analysis

We planned a priori to enroll 20 participants for this pilot feasibility

study. The studywas considered feasible if (1)≥50%of eligible patients

whowere approached for participation enrolled in the study, (2) ≥70%

of enrolled participants successfully completed all study assessments

(i.e., physical function tests, blood draw, and imaging) at baseline and

end of study, and (3) enrolled participants demonstrated≥70% compli-

ance with prescribed exercise (percentage of sessions completed) and

NR (percentage of days with prescribed dose taken).

Descriptive statistics were generated for the entire cohort and by

study arm. Continuous variables were compared using the Wilcoxon

signed rank test or independent-samples median test. All tests were

two-sided and p < 0.05 was considered statistically significant. All

statistical analyses were conducted using SPSS 26.41

3 RESULTS

3.1 Participant characteristics

Between September 19, 2022, and July 24, 2023, 31 potentially

eligible patients who had a history of prediabetes were contacted

regarding this study and 27 (87%) consented to the study. Of 27

who consented, 6 were no longer deemed eligible at the time of the

baseline visit (4 no longer had prediabetes, 1 had a new-onset malig-

nancy, 1 became pregnant between the time of consent and baseline

visit), and 1 withdrew prior to baseline eligibility determination. Of

the remaining 20 participants who were enrolled in the study (10

participants randomized to each study arm), 3 participants withdrew

prior to completing the study (Ex arm: 1 due to change in medical

status prior to beginning the study intervention, 1 due to worsened

avascular necrosis limiting mobility; Ex + NR arm: 1 due to changes in

personal circumstances). Thus, 17 (85%) participants were evaluable

at the end of study (8 in the Ex arm, 9 in the Ex + NR arm), all of
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F IGURE 1 CONSORT diagram.

whom completed the required baseline and end-of-study assessments

(Figure 1). The final participant completed the study in September

2023.

Participant characteristics are summarized in Table 1. Half of the

participants were male, 75% identified as Hispanic or Latino, and

the median age at study enrollment was 35.0 (range, 18.0-67.0). The

median age at cancer diagnosis was 16.5 years (range, 1.5-21.5), 60%

had undergone HCT, and themost common diagnoses were acute lym-

phoblastic leukemia (45%) andHodgkin lymphoma (20%). Themajority

of patients had received corticosteroids (80%), alkylating agents (85%),

and/or radiation (70%) as part of their treatment. The most common

type of radiation exposure was total body irradiation (57.1%). Fam-

ily history (grandparents or first-degree relatives) was positive for

diabetes in 40% of participants.

3.2 Exercise and NR compliance

Of the 17 participants who completed the study, the median num-

ber of exercise sessions completed (out of 18 total) was 18 (range,

3-18), with an average compliance rate of 86.6%. The median num-

ber of sessions completed was 17 (range, 3-18, average compliance

rate 84.1%) in the Ex arm and 18 (range, 10-18, average compli-

ance rate 88.9%) in the Ex + NR arm. On the Ex arm, 1 participant

developed grade 1 muscle pain, which resolved within a day. Of the

9 participants randomized to Ex + NR, the mean number of days

of NR completed (out of 42 total) was 37.9 (SD 6.2), for an aver-

age NR compliance rate of 90.3%. One participant developed grade 1

fatigue, which resolved the next day, and another participant devel-

oped grade 1 nausea and rash, which resolved the same day. No

serious (CTCAE grade ≥3) adverse events were attributed to NR

supplementation.

3.3 Markers of glucose homeostasis

In the Ex arm, from baseline to end of study, there was no significant

change in median HbA1c (6.0% [range, 5.5%-6.4%] to 6.0% [5.2%-

6.7%]), fasting glucose level (101.5 mg/dL [range, 86.0-124.0 mg/dL]

to 103.5 mg/dL [range, 91.0-123.0 mg/dL]), or HOMA-IR (5.3 [range,

0.8-12.0] to 3.5 [range, 0.8-15.2]). In the Ex + NR arm, there was

also no significant change in median HbA1c (5.8% [range, 5.6%-6.3%]

to 5.8% [range, 5.7%-6.4%]), fasting glucose level (99.0 mg/dL [range,

86.0-127.0mg/dL] to 94.0mg/dL [range, 86.0-123.0mg/dL), orHOMA-

IR (2.6 [range, 0.8-6.0] to 3.0 [range, 0.9-6.6]); Supporting Information

Table S1. The changes inmedianHbA1c, fasting glucose, andHOMA-IR

were not significantly different between study arms; Table 2.

3.4 Body composition and muscle strength

Baseline median BMI and waist circumference in the Ex vs Ex + NR

arms were 30.5 kg/m2 (range, 24.8-54.6 kg/m2) vs 31.8 kg/m2 (range,

24.0-45.3 kg/m2) and96.0 cm (range, 86.0-157.0 cm) vs 99.0 cm (range,

86.0-140.0 cm), respectively, and there was no significant change in

these measures from baseline to end of study for the overall study

cohort, within individual study arms, or between study arms; Table 2.

The median SPPB score was 11.0 (range, 10.0-12.0) out of 12 at base-

line for both arms, and this was unchanged at the end of the study.

There was no significant change in median grip strength or body com-

position measured by BIA. There was also no significant increase in

muscle CSA or thickness measured by US (Supporting Information

Table S1).

3.5 Myostatin

Baseline median myostatin levels (ng/mL) in the Ex vs Ex+NR arms

were 797.8 (range, 553.5-1401.6) and 775.5 (range, 536.1-1205.9),

respectively, and there was no significant change in myostatin from

baseline to end of study for the overall study cohort or individual

study arms (Supporting Information Table S1). Nine participants had a

decrease in myostatin level from 895.8 (range, 750.1-547.7) to 792.3

(range, 547.7-1123.1). These 9 participants completed more exercise

sessions (median 18, range, 14-18) than the 8 participants who did not

have adecrease inmyostatin levels (median15.5, range, 3-18); p=0.14.

These 9 participants also had decreases in median BMI and IMAT of

all muscle groups, and increased rectus femoris CSA bilaterally, though

this did not reach statistical significance. On the other hand, among the

8 participants who did not have a decrease in myostatin levels, there

was a relative increase in median BMI, waist circumference, and IMAT

of bilateral lateral and medial gastrocnemius muscles; these changes

did not reach statistical significance.
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TABLE 1 Participant characteristics at baseline.

Entire cohort,N (%) Exercise only,N (%) Exercise+NR,N (%)

Sex

Male 10 (50.0) 5 (50.0) 5 (50.0)

Female 10 (50.0) 5 (50.0) 5 (50.0)

Age at diagnosis, median (range) 16.5 (1.5-21.5) 16.0 (1.5-21.2) 17.7 (7.8-21.5)

Age at enrollment, median (range) 35.5 (18.0-67.0) 35.5 (18.0-67.0) 35.6 (24.4-48.3)

Bodymass index, median (range) 30.3 (23.7-54.0) 30.3 (25.0-54.0) 30.1 (23.7-45.5)

Race and ethnicity

Hispanic 15 (75.0) 8 (80.0) 7 (70.0)

Non-HispanicWhite 3 (15.0) 1 (10.0) 2 (20.0)

Black 1 (5.0) 0 1 (10.0)

Asian 1 (5.0) 1 (10.0) 0 (0.0)

Diagnosis

ALL 9 (45.0) 5 (50.0) 4 (40.0)

Hodgkin lymphoma 4 (20.0) 2 (20.0) 2 (20.0)

Non-Hodgkin lymphoma 2 (10.0) 0 2 (20.0)

Bone/soft tissue 2 (10.0) 0 2 (20.0)

Other leukemia 2 (10.0) 2 (20.0) 0

Germ cell tumor 1 (5.0) 1 (10.0) 0

Steroid exposure 16 (80.0) 9 (90.0) 7 (70.0)

Alkylating agent exposure (any) 17 (85.0) 8 (80.0) 9 (90.0)

Alkylating agent dose (mg/m2)

1-<4000 5 (29.4) 1 (12.5) 4 (44.4)

4000-<8000 7 (41.2) 4 (50.0) 3 (33.3)

≥8000 5 (29.4) 3 (37.5) 2 (22.2)

Radiationa 14 (70.0) 6 (60.0) 8 (80.0)

Total body irradiation 8 (57.1) 4 (66.7) 4 (50.0)

Chest/mantle 5 (35.7) 2 (33.3) 3 (37.5)

Cranial 3 (21.4) 1 (16.7) 2 (25)

Pelvic/testicular 1 (7.1) 1 (16.7) 1 (12.5)

HCT typeb 12 (60.0) 5 (50.0) 7 (70)

Allogeneic 9 (75.0) 5 (100) 4 (57.1)

Autologous 3 (25.0) 0 3 (42.9)

History of acute GVHD 3 (15.0) 1 (10.0) 2 (20.0)

History of chronic GVHD 4 (20.0) 3 (30.0) 1 (10.0)

History of hypertension 5 (50.0) 3 (30.0) 2 (20.0)

Family history of diabetes 8 (40.0) 3 (30.0) 5 (50.0)

Abbreviations: ALL, acute lymphoblastic leukemia; GVHD, graft-versus-host disease; HCT, hematopoietic cell transplantation; NR, nicotinamide riboside.
a4 participants had> 1 radiation site.
b4 participants hadmultiple HCTs of the same type.

4 DISCUSSION

This randomized controlled pilot trial demonstrated that it is feasible

and safe todeliver a6-week telehealth resistanceexercise intervention

(3 exercise sessions per week) with or without NR supplementa-

tion in adult survivors of childhood cancer with prediabetes, without

any serious adverse events attributed to the study interventions. We

achieved the goal feasibilitymetrics of≥70%compliancewith the exer-

cise and NR interventions, demonstrating that this study approach

was acceptable to our population of interest. Lifestyle modifications
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TABLE 2 Change in body composition, markers of glucose homeostasis, andmuscle strength.

Characteristic, median (range) Exercise only (n= 8) Pa Exercise+NR (n= 9) Pa Pb

BMI (kg/m2) −0.1 (−1.3 to 1.4) .74 −0.2 (−0.6 to 0.6) .86 .53

Waist circumference (cm) −1.3 (−8.0 to 2.0) .15 0 (−2.5 to 23.0) 1.00 .25

HbA1c (%) −0.1 (−0.4 to 0.4) .75 0 (−0.2 to 0.2) .89 .49

Fasting glucose (mg/dL) 1.0 (−15 to 10) .87 1.0 (−7 to 9) .44 .66

HOMA-IR −0.03 (−4.42 to 3.47) 1 0.50 (−0.75 to 2.04) .17 .63

Myostatin (ng/mL) −8.86 (−405.75 to 115.40) .40 −5.62 (−110.2 to 135.4) .77 .77

Grip strength of dominant hand (kg) 2.5 (−4.1 to 10.1) .48 −0.1 (−1.7 to 4.3) .81 .27

Fat mass (lb) −1.1 (−5.5 to 1.4) .09 0.6 (−3.6 to 4.2) .37 .11

Fat-freemass (lb) −1.2 (−2.5 to 8.4) .67 −1.5 (−3.1 to 2.8) .37 .63

Skeletal muscle mass (lb) −0.8 (−2.3 to 5.2) .89 −0.3 (−1.3 to 1.9) .95 .70

Visceral adipose tissue index (cm2/m2) −0.1 (−3.3 to 0.3) .48 0 (−0.4 to 5.4) .61 .66

Abbreviations: BMI, bodymass index; HbA1c, hemoglobin A1c; HOMA-IR, homeostatic model assessment for insulin resistance.
aComparison baseline and end-of-studymeasures within the study arm.
bComparison of median change between two study arms.

including increasing exercise are a first-line intervention for predia-

betes, have successfully improved glycemic control and fitness,42 and

have been shown to mitigate the progression to diabetes in non-

cancer populations.43 In fact, such interventions can have similar if

not superior effects on markers of glucose homeostasis when com-

pared with pharmacotherapy such as metformin.43,44 This is the first

study to show that this combination of interventions can be feasibly

and remotely delivered to CCS, a population at high risk for developing

prediabetes and subsequent comorbidities.4

Nearly 90% of the patients who were contacted consented to the

study. Although we recruited from an engaged population of LTFU

clinic patients, this high consent rate may also be due in part to the

remote design of the study interventions, as previous studies have

found that cancer survivors appreciate the convenient and flexible

nature of remote behavioral intervention programs.45,46 The consent

rate may also reflect the strong interest CCS have in making healthy

lifestyle changes, recognizing their increased risk for diabetes and

cardiovascular disease. Additionally, we coordinated study visits with

planned clinic appointments when possible to minimize participant

burden. The exercise equipment in this study (resistance bands and

exercise mat) is readily available and portable, and we leveraged an

online platform to deliver virtual coaching and personalized exercises

to each participant’s needs. This platform also enabled tracking of

adherence to the prescribed exercise program, which is preferable to

the self-report method used in previous remote interventions. Compli-

ance rates were > 80% for exercise, which may reflect the impact of a

convenient and flexible exercise program, with the hybrid approach of

initial instructor-led exercise sessions followed by independently con-

ducted sessions, and consistent check-ins from the research team. Our

study intervention may also be easily applied to other patient popu-

lations as well, such as survivors of adult-onset cancers. Although our

study incorporated resistance exercises alone, which have shown ben-

efit in improving some glycemic indices,47 future studies may need

to consider evaluating the role of combining resistance with aerobic

exercise in CCSwith prediabetes.

NAD coenzymes are vital for key cellular processes including

OXPHOS and energy production. In the general population, NAD

declines with age, and mitochondrial OXPHOS capacity is decreased

in the setting of both diabetes and sarcopenia.19,20,48 NAD precur-

sors have been found in some studies to improve insulin sensitivity in

prediabeticwomen49 andaspects ofmuscle health andexercise perfor-

mance in older men.50 Moreover, NR has shown activity in depressing

inflammation in adults.25–31 NR at a dose of 1000 mg/day was specif-

ically selected for this study, which included survivors at risk for

accelerated aging, diabetes, and sarcopenia, due to its safety in pre-

vious human studies, favorable side effect profile, oral bioavailability,

and the potential of NR to synergize with exercise to improve both

glycemic indices and muscle health.23,26,51 To our knowledge, this is

the first study to report on the feasibility or effects of combination

of exercise and NR in any population. None of the participants in this

studydeveloped serious adverse events attributable toNR supplemen-

tation. Additional studies of combination exercise programs with NR

supplementation are underway (NCT04907110, NCT05194397) and

will provide valuable insight regarding the potential of NR to enhance

the effects of exercise on overall fitness andmetabolism.52

A key strength of our study was our large proportion of historically

underrepresented populations. Participants were recruited from our

LTFU clinic, in which 50% of our patients are Hispanic. A substantially

larger proportion (75%) of participants who enrolled in this study

were Hispanic. This may be reflective of the higher prevalence of

prediabetes and diabetes among Hispanic individuals in the general

and cancer survivor populations.53–55 In our clinic, 40% of CCS have

received HCT; however, 60% of participants in this study had a history

ofHCT. Although this in part is representative of our high proportion of

HCT survivors at COH, it also reflects the increased risk of prediabetes

among HCT recipients. Larger studies in similarly diverse patient
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populations are needed to determine whether race and ethnicity are

risk factors for the development of diabetes among CCS in the context

of their treatment exposures and, if so, to what extent.

Therewere no statistically significant changes inmarkers of glucose

homeostasis (i.e., fasting glucose, HbA1c, HOMA-IR) or muscle health

(i.e., muscle mass, grip strength, thickness, or CSA) following the 6-

week intervention in either study arm. However, this pilot study was

not powered to detect such changes. Furthermore, HbA1c represents

blood glucose levels over a period of about 90 days; thus, it is unlikely

to change substantially over this shorter study period. We hypothe-

sized that following the intervention, there would be a decrease in

levels of plasma myostatin, which is a myokine that inhibits muscle

growth and has been shown to decrease with resistance exercise.56–58

There were notable changes in muscle US findings among participants

who had a decrease in myostatin. Specifically, myostatin decreases

were seen among participants who completed≥ 75%of the prescribed

exercise, and were accompanied by decreased IMAT and increased

rectus femoris CSA. This provides important insight and preliminary

data regarding favorable changes in myokines and body composition

in response to exercise and/or NR, which may represent biomarkers of

early response to interventions. Larger studies are needed to disentan-

gle how therapeutic exposures and individual factors affect changes in

body composition and related biomarkers, including those related to

mitochondrial OXPHOS, during interventions.

All participants who remained enrolled for the duration of the study

completed the required study assessments at both time points, high-

lighting the feasibility of noninvasively measuring body composition

and muscle health. Similar to the markers of glucose homeostasis, we

did not find any significant changes in measures of body composition

(i.e., BMI, waist circumference, BIA measures) or muscle health (i.e.,

grip strength, SPPB score, muscle US). Again, a longer duration of exer-

cise intervention may be required to see clinically meaningful changes

in body composition and grip strength. Regarding the SPPB, partici-

pants had relatively high scores at baseline (median 11.0 out of 12.0);

all participants had a baseline score of ≥ 10, which is considered nor-

mal range.59 These high baseline scores may preclude the ability to

detect significant increases in SPPB scores. It is possible that patients

who were interested in participating in this exercise intervention were

more likely to have higher baseline physical performance. These find-

ings emphasize the need for larger studies with longer intervention

periods to examine the effects of exercise and NR on glycemic indices,

body composition, andmuscle health.

Our study had several limitations. The relatively small study sam-

ple size and short duration precluded our ability to evaluate the actual

effects of the study interventions on markers of glucose homeostasis

and muscle health. This study also included survivors of all childhood

cancer types, and thus was comprised of a heterogeneous study pop-

ulation with regard to underlying diagnosis, age at diagnosis, current

age, and treatment exposures. Larger studies focused specifically on

survivors identified to be at highest risk for prediabetes are needed.

This study did not include additional monitoring to measure physical

activity, which is an important aspect to incorporate in future stud-

ies. Lastly, there was little variation in our participants’ SPPB scores,

indicating that different functional assessments (e.g., combination of

lower and upper extremity dynamometry) may be necessary to study

changes in muscle function over relatively short periods of time in this

relatively young patient population.

Nevertheless, this study demonstrates that a randomized trial of

telehealth exercise and NR supplementation is feasible and safe in a

diverse cohort of CCS with prediabetes. The data provide the foun-

dation for future studies of remote exercise and nutritional supple-

mentation among survivors who are particularly at risk for developing

metabolic diseases. The growing population of CCS necessitates the

developmentof accessible, convenient, effective, and sustainable inter-

ventions to improve health outcomes and decrease morbidity and

mortality among this vulnerable patient population.
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