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Visual Abstract
IMPORTANCE Explanatory trials suggest that prehabilitation has efficacy in improving surgical
outcomes. The effectiveness of offering home-based prehabilitation across multiple centers
and for older adults with frailty remains unknown.

Supplemental content

OBJECTIVE To evaluate the effectiveness of offering coach-supported, home-based
prehabilitation to older surgical patients with frailty.

DESIGN, SETTING, AND PARTICIPANTS This study is a pragmatic, parallel-arm, multicenter
randomized clinical trial with embedded qualitative assessment. Clinicians and assessors
were fully blinded; participants were partially blinded in that the control arm received publicly
available activity and nutritional guidelines. From March 2, 2020, to February 8, 2024,
participants aged 60 years and older with frailty (Clinical Frailty Scale score =4) scheduled for
elective, inpatient noncardiac surgery were recruited from surgeon'’s offices at 13 centers in
Canada. Data analysis was completed from October 3, 2024, to December 5, 2024.

INTERVENTION Assignment to a home-based, multimodal program of exercise and
personalized nutritional recommendations, remotely supported by coaches using a
theory-based approach to enhance adherence.

MAIN OUTCOMES AND MEASURES The coprimary outcomes were patient-reported disability
30 days after surgery using the World Health Organization Disability Assessment Schedule
2.0 and the incidence of any postoperative complication during the surgical hospitalization.
Barriers to adherence were identified using the Theoretical Domains Framework. Secondary
outcomes were intervention-attributable safety events, health-related quality of life, survival,
falls, complication severity, activities of daily living, length of stay, discharge disposition,
lower limb function, and readmission. Analysis was by mixed-effects regression, adjusting for
stratification and prespecified prognostic factors.

RESULTS Of 992 eligible participants, 847 (85.4%) were randomized (423 to prehabilitation
and 424 to usual care), and 705 participants had their planned surgery (353 in the
prehabilitation group and 352 in the usual care group). A total of 452 participants (53.4%)
were female, and mean (SD) participant age was 71.7 (7.1) years. A median (IQR) of 4 weeks
(3-7) of prehabilitation enroliment was achieved. Preoperative safety outcomes did not differ
between groups. Participants assigned to prehabilitation reported a mean (SD) postoperative
disability score of 23.5 (21.8) compared to 24.7 (23.8) for usual care (adjusted mean
difference, -1.4; 97.5% Cl, -4.9 to 2.0; P = .36). Complications occurred in 177 participants
(50.1%) assigned to prehabilitation and 168 control participants (47.7%) (adjusted odds ratio,
1.05; 97.5% Cl, 0.73-1.49; P = .78). Participants completing more than 75% of prescribed
exercises reported significantly lower disability scores with prehabilitation (mean difference,
-4.9; 97.5% Cl, -9.8 to -0.01; P = .02), but there was no significant difference in
complications (odds ratio, 1.06; 97.5% Cl, 0.67-1.67; P = .79). Primary barriers to adherence
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mong the millions of people who have major surgery

each year,' more than 20% experience a complication,?

with a similar proportion reporting worsened postop-
erative disability.>* A growing number of surgical patients are
older adults with frailty, a state of multidimensional loss
of reserve and vulnerability to adverse health outcomes.>®
Older adults with frailty are at least twice as likely to experi-
ence a postoperative complication or report worsened disabil-
ity after surgery compared to those without frailty.>*

Prehabilitation, an intervention consisting of physical,
nutritional, and/or psychological optimization before surgery,”
may prevent complications and improve recovery after
surgery. However, the generalizability of efficacy data across
multiple centers or real-world settings for a complex interven-
tion like prehabilitation remains a crucial evidence gap.
Current evidence is low certainty, as most trials have been ex-
planatory, small, single center, and have a high risk of bias.®°

Translating promising efficacy data into practice
is further impeded by the design of most prehabilitation
programs, which predominantly require participants to
prehabilitate in hospitals or other facilities.® This approach re-
duces access, limits generalizability, and may not scale at a
health system level, especially in countries like the US, Canada,
and Australia where long travel distances for hospital care are
common.'?*® A related gap is optimizing prehabilitation for
older adults with frailty, who may plausibly derive greater ben-
efit from prehabilitation than older adults without frailty but
prioritize receipt of health care interventions at home.* Achiev-
ing the uptake and adherence required for populations with
frailty to benefit from prehabilitation, especially when en-
rolled in home-based programs, is a challenge.>”

We conducted a pragmatic, multicenter randomized clini-
cal trial to evaluate whether assignment to a home-based, mul-
timodal prehabilitation program supported by coaches using
atheory-informed approach to optimize adherence improves
patient-reported disability and reduces the risk of postopera-
tive complications compared to usual care in older adults with
frailty scheduled for elective, noncardiac surgery. We concur-
rently assessed patient-reported barriers to adherence using
the Theoretical Domains Framework (TDF) to inform optimi-
zation of current and future prehabilitation programs.'®

Methods

Trial Design

The Preoperative Exercise to Decrease Postoperative
Complication Rates and Disability Scores (PREPARE) study
was a randomized clinical trial comparing assignment
to multimodal prehabilitation to usual care at 13 centers
in Canada (eFigure 1 in Supplement 3),'° with an embedded
study-within-a-trial qualitative assessment of barriers to
adherence.?® A patient partner contributed to design,
conduct, and reporting as a member of the trial executive.
The protocol for our trial was published and is available in
Supplement 1% the statistical analysis plan was registered and
is available in Supplement 2.22 Reporting guidelines, includ-
ing the Consolidated Standards of Reporting Trials (CONSORT)
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Key Points

Question Can home-based prehabilitation improve
patient-centered outcomes after surgery for older adults living
with frailty?

Findings In this pragmatic randomized clinical trial that included
847 older adults living with frailty, assignment to home-based
prehabilitation before surgery did not improve postoperative
disability scores or reduce complications. However, participants
completing more than 75% of prescribed exercises reported
significantly lower disability scores with prehabilitation.

Meaning Assignment to home-based prehabilitation with
structured coaching did not improve patient-centered outcomes
across all participants; given promising findings in adherent
participants, intervention design and delivery require further
optimization to overcome barriers to adherence.

reporting guidelines, follow best practices for trials,
intervention description, and patient involvement (eTables 1
and 2 and eMethods 1in Supplement 3).23*? Ethical approval
was granted by Clinical Trials Ontario (project identifier: 1785),
the Ottawa Health Science Network—Research Ethics Board
(20190409-01T), the Fraser Health Research Ethics Board
(2020105), the Conjoint Health Research Ethics Board at the
University of Calgary (REB20-0297 REN4), and the University
of Alberta Health Research Ethics Board (Pro00104713).

Participants

All participants provided informed oral consent. Indivi-
duals were eligible if aged 60 years or older, living with frailty
based on the guideline-recommended Clinical Frailty Scale
(CFS)?8:2° score of 4 or higher (a threshold where frailty-related
risk substantially increases in surgical patients,>>° assigned by
atrained assessor?!), and scheduled for elective, inpatient head
and neck, thoracic, abdominal, pelvic, or vascular surgery in the
subsequent 3 to 12 weeks. Participants were excluded who were
unable to speak English or French, cognitively unable to com-
plete assessments, not contactable by telephone, unwilling to
participate in exercise, having palliative surgery, or with cardio-
vascular disease precluding safe participation (severe valvular
heart disease, severe cardiac dysrhythmias, or myocardial in-
farction <6 weeks prior to enrollment).

Randomization and Blinding

Participants were randomly assigned in a 1:1 ratio to prehabili-
tation or usual care via a web-based allocation system using per-
muted blocks of randomly varying length, stratified by center
and whether surgery was for treatment of cancer or not. The ran-
domization sequence was generated by an independent biosta-
tistician. Clinicians and outcome assessors were blinded.
Participants were told that they were participating in a trial to
evaluate strategies to improve exercise and nutrition before sur-
gery; control participants received publicly available, paper-
based guidelines to provide partial blinding.32->*

Intervention
Intervention participants were enrolled in a home-based mul-

timodal prehabilitation program from the day of randomiza-
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Figure 1. Screening, Enrollment, Randomization, and Follow-Up

2121 Patients were assessed
for eligibility

1271 Were excluded

1129 Did not meet eligibility criteria
599 Not living with frailty
233 Surgery date not expected within 3 to 12 wk
88 Other or unknown reason
85 Surgery not inpatient
72 Not willing to be randomized to prehabilitation
25 Language barrier
11 Cognitively unable to understand assessments
9 Cardiac condition
6 No telephone
1 Ineligible surgery
139 Did not consent
3 Withdrew consent prior to randomization

850 Randomized )

The World Health Organization
Disability Assessment Schedule
(WHODAS) score, 5-times sit to stand
test, health-related quality of life,
health utility, overall survival, and

‘ 424 Randomized to prehabilitation ‘ ‘

426 Randomized to usual care ‘

postoperative falls outcomes were

—>| 1 Withdrew consent

—>| 2 Withdrew consent

analyzed among the 847 participants
who underwent randomization and
did not withdraw consent. The

‘ 423 Did not withdraw consent ‘ ‘

424 Did not withdraw consent

incidence of any postoperative
‘ medical or surgical complication,

70 Did not have their
planned surgery
within 12 wk of
enrollment

activities of daily living, discharge

72 Did not have their
planned surgery
within 12 wk of
enrollment

disposition, time to hospital
discharge, postoperative
complication severity, and hospital

readmission outcomes were analyzed

353 Had their planned surgery
within 12 wk of enrollment

352 Had their planned surgery
within 12 wk of enrollment

among the 705 participants who
underwent randomization and had
their planned surgery within 12 weeks

of enroliment.

tion to surgery. The program, described in detail in the
eMethods 2 in Supplement 3, consisted of exercise (aerobics,
strength, and flexibility) with personalized nutritional recom-
mendations based on programs demonstrating efficacy in
smaller randomized trials'>>*and consistent with contempo-
rary best evidence.® The exercise component involved three
1-hour sessions per week, consisting of strength training (up-
per body, lower body, and abdominal movements), 20 min-
utes of moderate-intensity aerobic exercise (guided by a Borg
scale®®), and flexibility. Exercises were personalized based on
individual limitations. Structured nutritional advice and dis-
count coupons for protein supplements were provided. Par-
ticipants identified at risk of malnutrition using the Canadian
Nutrition Screening Tool3¢ were provided personalized ad-
vice regarding energy and protein requirements from a nutri-
tion science-trained coach.

Participants were supported centrally by the same coach
throughout the program (trained in exercise or nutrition
science and structured prehabilitation coaching), with a mini-
mum of a weekly coaching call. Participants could addition-
ally connect with their coach using a toll-free line or email.
At calls, coaches advised participants on aerobic, strength, and
flexibility exercise progressions and monitored adherence.
Where adherence deficits were identified, coaches identified
the main barrier(s) (categorized as medical, behavioral,
or other) and then mapped the barrier(s) to relevant TDF
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domains, which were linked to evidence-informed strategies
to support participants in improving adherence (eMethods 3
in Supplement 3).17:18:37

Control

Control participants were provided paper copies of publicly
available guidelines for physical activity and healthy eating.32-33
No contact or support was provided during the preoperative
period. All other aspects of perioperative care for interven-
tion and control participants were at the discretion of treat-
ing physicians, who were blinded to allocation.

Measures
The trial had 2 coprimary outcomes. The first outcome was
patient-reported disability 30 days after surgery, measured using
the 12-item World Health Organization Disability Assessment
Schedule 2.0 (WHODAS disability score; range, 0-48, expressed
on a 0- to 100-point scale, with higher scores indicating more
severe disability), which has a minimally important difference of
5 points in surgical patients.*38° The second outcome was any
postoperative complication during the surgical hospitalization,
using validated organ system definitions, with severity based on
the Clavien-Dindo Classification.*°:4!

Secondary outcomes were health-related quality of life
using the EuroQual Visual Analog Scale (EQ-VAS; range,
0-100)*? and the EuroQuol 5-dimension, 5-level health
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Table 1. Characteristics of the Patients at Baseline®

No. (%)
Prehabilitation  Usual care

Characteristic (n=423) (n=424)
Age at randomization, mean (SD), y 71.7 (7.0) 71.7 (7.2)
Sex

Female 235 (55.6) 217 (51.2)

Male 188 (44.4) 207 (48.8)
Days from enrollment to surgery, 38 (24-63) 37 (24-62)
median (IQR)
Frailty and functional indicators

Clinical Frailty Scale score, 4(4-4) 4 (4-4)

median (IQR)

WHODAS disability score, 13.5(11.9) 14.0(11.9)

mean (SD)°

Duke Activity Status Index score, 32.3(13.6) 32.4(13.5)

mean (SD)

Katz Index, median (IQR) 6 (6-6) 6 (6-6)
Surgery type

Colorectal 92 (21.8) 89 (21.0)

Head and neck 11 (2.6) 18 (4.3)

Hepatobiliary 57 (13.5) 49 (11.6)

Thoracic 68 (16.1) 71(16.8)

Vascular 55(13.0) 53(12.5)

Urologic or gynecologic 94 (22.2) 103 (24.3)

Other general surgery 46 (10.9) 41 (9.7)
Coexisting conditions

History of myocardial infarction 35(8.3) 41 (9.7)

Congestive heart failure 17 (4.0) 18 (4.3)

History of stroke or transient 38(9.0) 46 (10.9)

ischemic attack

Chronic pulmonary disease 65 (15.4) 72 (17.0)

Diabetes with complications 42 (9.9) 54(12.7)

Liver disease 40 (9.5) 38(9.0)

Kidney disease 65 (15.4) 68 (16.0)

Current smoker 49 (11.6) 48 (11.3)

At risk of malnutrition 88(20.8) 78 (18.4)
Oncologic variables

Cancer 324 (76.6) 317 (75.7)

Receipt of radiation in the last 6 mo 27 (6.4) 28 (6.6)

History of chemotherapy in last 6 mo 54(12.8) 49 (11.6)

Abbreviation: WHODAS, World Health Organization Disability Assessment
Schedule score.

2 Participants described in this Table represent the primary analysis population
for the WHODAS score.

b Expressed on a O- to 100-point scale, with higher scores denoting greater
disability.

utility index (EQ-5D-5L; range, —0.59 to 0.95)*3; lower limb
function using the 5-times sit to stand test*#; the incidence of
any falls; overall survival; activities of daily living (Katz
Index*®); length of stay; discharge disposition; hospital read-
missions; and complication severity.*!

All patient-reported outcomes were measured at base-
line and 30 days after surgery. On the day before surgery,
safety outcomes (falls, musculoskeletal injuries, head
injuries, or unplanned hospitalizations) were collected
by phone. During the surgical hospitalization, participants
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were followed up in person, including medical record
review (postoperative days 3, 5, and 7 and at discharge) to
identify complications. On the date of discharge, activities
of daily living, length of stay, 5-times sit to stand test time,
and discharge disposition were recorded. If discharge was
on or before day 3, only a single in-hospital visit occurred.
Thirty days after surgery, falls, readmissions, and deaths
were ascertained. For participants who did not have their
planned surgery, 30-day outcomes were collected 114 days
postrandomization (maximum 12-week program enrollment
plus 30 days). Any outcomes not assessed during the hospi-
talization were collected by telephone.

Sample Size

A Bonferroni correction (2-sided a = .025) was used to main-
tain the overall type [ error rate across coprimary outcomes at
0.05. With 850 participants, the trial was designed to have 90%
power to detect a minimum clinically important absolute mean
difference of 5 points on the 100-point WHODAS disability
score>° using an analysis of covariance (ANCOVA), assuming
acommon SD of 20 and correlation between baseline and fol-
low-up of 0.4, with 5% attrition. For the coprimary outcome
of any complication, we had 90% power to detect an absolute
difference of 0.15 in complications using a pooled z test, as-
suming a control arm complication rate of 0.55 and account-
ing for 15% nonadherence to the exercise intervention and 15%
attrition (including participants not having surgery). Ratio-
nale for increasing the sample size from the initial estimate of
750% based on the impacts of the COVID-19 pandemic is re-
ported in the eMethods 4 in Supplement 3. This decision was
made without any knowledge of outcome data.

Adherence
Adherence was monitored via weekly coaching calls, supple-
mented by participant logbooks. Adherence was expressed as
a proportion, where the numerator was the number of pre-
scribed exercises completed and the denominator was the total
number of prescribed exercises. Two measures of adherence
were calculated. Overall adherence reflected a participant’s be-
havior while enrolled, as it was calculated as the number of
completed exercises divided by the number of prescribed ex-
ercises during each participant’s enrollment period, regard-
less of duration. Per-protocol adherence reflected a partici-
pant’s achievement of the 3 weeks of prehabilitation that our
protocol defined as the minimum required dose. Therefore,
per-protocol adherence was calculated as the number of ex-
ercises completed in the 3 weeks prior to surgery with a fixed
denominator (the number of prescribed exercises in 3 weeks),
which acknowledged that participants enrolled for less than
3 weeks were unlikely to achieve the required dose.®

On the day prior to surgery, participants in both arms
were asked to report self-rated change in physical activity
compared to enrollment (5-point scale, with 1 indicating no
change, 3 indicating moderate change, and 5 indicating the
largest change imaginable). For prehabilitation participants,
barriers to prehabilitation adherence were collected using a
validated TDF survey tool*® (eMethods 5 in Supplement 3).
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Figure 2. Subgroup Analyses of the Primary Outcomes

@ WHODAS score

Subgroup Prehabilitation Usual care MD (97.5% Cl)
Overall 23.5(21.8) 24.7 (23.8) -1.4(-4.91t02.0) —_——
Sex
Male 21.3(23.3) 25.4(26.3) -4.2(-9.4101.0) —
Female 23.0(19.2) 22.5(20.6) 0.8(-4.2t05.7) B o
Age, y
<75 22.2(20.5) 23.9(22.7) -1.4(-5.81t03.0) —_—
275 22.2(22.4) 24.0(25.5) -2.1(-8.3t04.2) —_—
Presence of cancer
Yes 22.7 (20.7) 24.5(23.7) -1.8(-6.0t02.3) —_——
No 20.9(22.6) 22.3(23.4) -1.1(-8.4106.2) —a—
Presence of depression
Yes 34.0 (24.0) 31.0(22.0) 3.6(-6.3t013.4) —
No 20.6 (20.2) 22.8(23.7) -2.2(-6.0t0 1.6) —_—
Frailty status (CFS score)
25 31.3(24.3) 33.7(26.5) -2.1(-10.3t06.0) —a—
4 20.0(19.6) 21.9(22.4) -1.9(-5.8t02.0) —
-10 5 0 5 10
MD (97.5% CI)
Postoperative complications
Subgroup Prehabilitation  Usual care OR (97.5% Cl)
Overall 177/353 (50.1) 168/352(47.7) 1.05(0.73-1.49) —
Sex
Male 74 (48.1) 89 (50.9) 0.89 (0.54-1.48) —_— The trial had 2 primary outcomes.
Female 103 (51.8) 79 (44.6) 1.32(0.82-2.12) e Panel A presents results for the World
Age, y Health Organization Disability
<75 104 (45.2) 110 (46.8) 0.91(0.59-1.39) — Assessment Schedule (WHODAS)
275 73(59.4) 58 (49.6) 1.59 (0.87-2.89) i S score on the mean difference (MD)
Presence of cancer _scalle. Panel B preser?ts results for the
incidence of in-hospital,
Yes 147 (52.7) 141 (51.8) 1.04 (0.70-1.53) —— . s
postoperative complications on the
No 30(40.5) 27 (33.8) 1.36(0.64-2.92) —_— odds ratio (OR) scale. The dotted
Presence of depression vertical line denotes the null value.
Yes 21 (44.7) 20 (41.7) 1.14 (0.44-2.94) = Boxes represent the effect estimate,
No 156 (51.0) 148 (48.7) 1.10(0.76-1.59) — and horizontal lines represent the
Frailty status (CFS score) 97.5% confidence interval. Presence
>5 43(63.2) 27 (47.4) 1.88 (0.81-4.34) —_ - of depression was defined as a
4 134 (47.0) 141 (47.8) 0.97 (0.67-1.42) e positive screen on the Patient Health
Questionnaire 2. Frailty status was
0.55 0.50 1.60 2.60 4.60 assigned based on a trained

OR (97.5% Cl) assessor’s rating of frailty using the

Clinical Frailty Scale (CFS).

Statistical Analysis

The prespecified primary analysis population differed be-
tween the coprimary outcomes.'° For the WHODAS disability
score, the primary analysis population was all randomized
participants, which was in keeping with our pragmatic design,'®
as prehabilitation could improve disability scores for partici-
pants who did not ultimately have surgery. For postoperative
complications, the primary analysis population was all
randomized participants who had their planned surgery, as a
postoperative complication can only occur among those un-
dergoing surgery. Likewise, for secondary nonhospitaliza-
tion outcomes, the primary analysis population was all ran-
domized participants, and for secondary in-hospital outcomes,
it was all randomized participants who had their planned sur-
gery. The per-protocol population included intervention par-
ticipants who completed more than 75% of prescribed exer-
cises in the final 3 weeks and had their planned surgery.
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Statistical analyses were conducted by an independent bio-
statistician according to the prespecified statistical analysis
plan.?? We used multiple imputation under a missing-at-
random assumption to account for any missing data, with 25
imputations generated using the method of fully conditional
specification. The imputation model included all primary and
secondary outcomes, the allocation and stratification vari-
ables, and all available baseline characteristics.

The WHODAS disability score was analyzed using ANCOVA
via mixed-effects linear regression, with the baseline WHODAS
disability score entered as a covariate along with prespecified
adjustment for stratification and baseline prognostic factors
(cancer surgery [vs not], age, sex, surgery type, malnutrition
risk, and frailty score), with a random intercept for each study
site.%”*® The intervention effect was expressed as an ad-
justed mean difference (MD) with 97.5% confidence interval
to account for multiplicity due to 2 coprimary outcomes. The

JAMA Surgery February 2026 Volume 161, Number 2
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Table 2. Primary Outcome and Prespecified Secondary Outcomes at 30-Day Follow-Up®

Abbreviation: WHODAS, World Health
Organization Disability Assessment

Prehabilitation Usual care Intervention effect Schedule score.
- - 0,
0u'tcome ly=cd) SR el (el 2 Results described in this Table
Primary outcome represent the primary analysis
WHODAS disability score 23.5(21.8) 24.7 (23.8) -1.4(-4.9t02.0) 36 population for the WHODAS score.
(0-100), mean (SD) b Represents a mean difference
Secondary outcomes with 97.5% confidence interval.
EuroQol visual analog scale 65.7 (21.8) 63.1(24.4) 3.2(0.19t0 6.20)° .04 © Represents amean difference
(0-100), mean (SD) with 95% confidence interval.
EuroQol utility index (-1 to 0.8(0.2) 0.8(0.3) 0.03 (-0.007 to 0.06)¢ 11 9Represents a hazard ratio with
1.59 scale), mean (SD) 95% confidence interval.
Deaths, No./total No. (%) 6/423(1.4) 7/424(1.7) 0.87 (0.29 t0 2.63)¢ .81 € Represents an odds ratio from mixed-
Falls, No./total No. (%) 31/400 (7.8) 31/410(7.6) 0.74(0.42 t0 1.32)° 31 effects binary logistic regression with

95% confidenceinterval.

Table 3. Primary Outcome and Prespecified Secondary Outcomes at Hospital Discharge®

Prehabilitation Usual care Intervention effect
Outcome (n=353) (n=352) (95% Cl) P value
Primary outcome
Any postoperative complication, 177/353 (50.1) 168/353 (47.7) 1.05 (0.73 to 1.49)° .78
No./total No. (%)
Secondary outcomes
5-Times sit to stand time, mean (SD), s 43.4(19.4) 42.4(19.8) 0.91(-1.7 to 3.5)¢ .49
Katz Index of Activities of Daily Living (0-6), 6 (5to6) 6 (5to6) 0.91(0.68t0 1.21)4 .52
median (IQR)
Discharge disposition (range, died in hospital 4(4to04) 4(4to4) 1.11(0.75t01.62)° 61
to home without support), median (IQR)
Time to discharge, mean (SD), d 5.5(9.4) 5.6 (8.5) 1.06 (0.93 to 1.20)f .39
Postoperative complication severity 0(0to2) 0(0to?2) 0.96 (0.72to 1.27)¢ .76
(range, 0-5), median (IQR)
Readmission, No./total No. (%) 34/350(9.7) 40/347 (11.7) 0.80 (0.49to0 1.31)¢ .39

2 Results described in this Table represent the primary analysis population for

the any complications outcome.

bRepresents an odds ratio from mixed-effects binary logistic regression with
97.5% confidence interval. The corresponding absolute risk difference was
1.7% (97.5% Cl, -6.5% to 10.0%), which was estimated using marginal
standardization based on predicted probabilities from the mixed-effects
binary logistic regression, with the confidence interval based on 1000

bootstrap samples.

€ Represents a mean difference with 95% confidence interval.

dRepresents a generalized odds ratio from mixed-effects ordinal logistic

regression with 95% confidence interval, where values <1 denote better
outcome with intervention.

€ Represents a generalized odds ratio from mixed-effects ordinal logistic
regression with 95% confidence interval, where values >1 denote better
outcome with intervention.

f Represents a subdistributional hazard ratio with 95% confidence interval,
accounting for death as a competing risk, where values >1 denote shorter time
to discharge with intervention.

8 Represents an odds ratio from mixed-effects binary logistic regression with
95% confidence interval.

incidence of any postoperative complication was analyzed
using mixed-effects binary logistic regression, adjusted for
stratification and the same prespecified factors, along with a
random intercept for each site. The intervention effect was ex-
pressed as an adjusted odds ratio (OR) with 97.5% confidence
interval. Analyses of secondary outcomes are described in the
eMethods 6 in Supplement 3. All random effects assumed a nor-

mal distribution.

We conducted prespecified subgroup analyses of copri-
mary outcomes by age (<75 years vs >75 years), sex (male vs
female), cancer surgery (vs not), depression (vs no depres-
sion), and frailty score (CFS = 4 vs CFS >5) using allocation by
subgroup interactions. A post hoc analysis by surgery type was

also conducted.

Overall and per-protocol adherence were described using
medians and interquartile ranges. Weekly reasons for nonad-
herence were described using counts and proportions. Self-
reported changes in activity from enrollment were compared
between groups using ordinal regression. Likert scale re-
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sponses from the TDF barrier survey were described using me-
dians and interquartile ranges (eMethods 7 in Supplement 3).

All analyses were performed using SAS software version
9.4 (SAS Institute). A data safety monitoring board reviewed
trial safety data throughout the conduct of the trial.

. |
Results

Characteristics of Participants

Participants were enrolled from March 2, 2020, to February
8, 2024. Of 992 eligible participants, 847 (85.4%) were
randomized (423 to prehabilitation, 424 to usual care); 705
participants had their planned surgery (353 in the prehabili-
tation group and 352 in the usual care group) (Figure 1). A total
of 452 participants (53.4%) were female, and mean (SD)
participant age was 71.7 (7.1) years. Participants in both arms
were enrolled in the trial for a median (IQR) of 4 weeks (3-7)
before surgery. Most participants had a CFS score of 4 (Table 1).
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Colorectal, urologic, and gynecologic surgeries were most com-
mon. Approximately 75% of participants had cancer surgery,
of whom 20% had neoadjuvant therapy. Baseline character-
istics for participants who had surgery, by missing data and out-
come status, and who completed more than 75% of pre-
scribed exercises per protocol are presented in eTables 3 to 5
in Supplement 3.

Safety and Adherence

There were no significant between-group differences in
safety during the preoperative period (eTable 6 in Supple-
ment 3). Participants completed a median (IQR) of 78%
(44%-96%) of overall prescribed exercises while enrolled.
As 23% of participants’ surgeries unexpectedly occurred
less than 3 weeks from randomization, median (IQR) per-
protocol adherence was 67% (33%-94%) during the 3 weeks
before surgery. Prehabilitation participants reported an
8-fold increase in the odds that their self-reported activity
levels were higher vs baseline compared to control (general-
ized OR, 8.24; 95% CI, 6.15-11.03; P < .001) (eMethods 7 in
Supplement 3). Primary reasons for nonadherence were
behavioral (53.3% aerobic, 59.7% strength) and medical
(45.1% aerobic, 38.3% strength). Prehabilitation participants
reported strong barriers in the TDF domains of Goals (com-
peting priorities), Reinforcement (a lack of acknowledgment
from others), and Emotion (lack of inspiration) (eMethods 8
and eFigure 2 in Supplement 3).

Primary Outcomes

Thirty days after surgery, WHODAS disability scores were com-
plete for 780 participants (92.1%). The mean (SD) disability
score was 23.5(21.8) in the intervention arm compared to 24.7
(23.8) in the control arm (adjusted MD, -1.4; 97.5% CI, -4.9 to
2.0; P = .36). Postoperative complication status was ascer-
tained for all 705 participants who had surgery (100%). At least
1 postoperative complication was identified in 177 interven-
tion participants (50.1%) compared to 168 control partici-
pants (47.7%) (adjusted OR, 1.05; 97.5% CI, 0.73-1.49; P = .78).
There was no evidence of effect modification of the interven-
tion by any subgroup for the WHODAS disability score or com-
plications at the 5% level of significance (Figure 2; eTable 7 in
Supplement 3). Complication subtypes are reported in eTable 8
in Supplement 3, and WHODAS domains are provided in eFig-
ure 3 in Supplement 3.

Secondary Outcomes

Intervention participants reported significantly higher health-
related quality of life (EQ-VAS: MD, 3.2; 95% CI, 0.19-6.20;
P = .04), but there were no significant differences in other sec-
ondary outcomes (Table 2 and Table 3).

Per-Protocol Results

Among the 152 participants (43.1%) who had their planned sur-
gery and completed more than 75% of prescribed exercises in
the 3 weeks before surgery, there was a significant improve-
ment in WHODAS disability score compared to control (MD,
-4.9;97.5% CI, -9.8t0 -0.01; P = .02) and significant improve-
ments in health utility and health-related quality of life
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(secondary per-protocol results are presented in eTables 9 and
10 in Supplement 3).

|
Discussion

Across 847 randomized older adults with frailty preparing
for elective, noncardiac surgery at 13 centers in Canada,
assignment to a home-based, coach-supported, multimodal
prehabilitation program did not result in significant differ-
ences in patient-reported disability scores or postoperative
complications. Despite theory-informed, coach-led adher-
ence optimization, low adherence reduces certainty in
understanding whether a lack of effectiveness reflects cau-
sality or the implementation challenges of delivering home-
based prehabilitation on a large scale to older adults with
frailty. As adherent participants may experience benefit,
further optimization of intervention design and program
delivery is required to support effective delivery of preha-
bilitation services.

Arecent systematic review of 186 mostly single-center, ex-
planatory trials with important risks of bias suggests that pre-
habilitation may meaningfully improve complication rates,
length of stay, and patient-centered recovery.® Most trials used
facility-based programs,® which can act as a barrier to access,
and may not scale in jurisdictions serving geographically dis-
tributed populations.'°'® Understanding how prehabilita-
tion programs can effectively generalize across multiple cen-
ters or real-world settings remains a key question for patients,
clinicians, administrators, and researchers.

Despite the large number of prehabilitation trials pub-
lished to date, multicenter randomized trials with large sample
sizes are rare. A recent 7-center, 251-participant trial of rela-
tively healthy patients with colorectal cancer reported a 12% ab-
solute decrease in the incidence of major complications*®; how-
ever, the trial delivered a hospital-based intervention, enrolled
only 37% of eligible participants, closed early, and changed its
primary outcome, limiting internal and external validity. In con-
trast, a 6-center, 668-participant trial using a 2-week home-
based program combined with a 4-week postoperative rehabili-
tation program did not report a significant improvement in
patient-reported recovery or complications.’® This home-
based program was short in duration, had minimal coaching sup-
port, and included no nutritional component.

In comparison, our trial provides novel and generalizable
dataregarding delivery of coach-supported, multimodal preha-
bilitation that are unavailable from current evidence. First, as
patients with frailty live with multidimensional vulnerability,
prehabilitation could be especially beneficial. We enrolled 85%
of eligible older patients with frailty into a home-based pro-
gram, a design that was a priority for this vulnerable population.'*
Home-based prehabilitation also met the realities of delivering
care during the COVID-19 pandemic>! and supported accessibil-
ity for geographically distributed participants.'® As prior home-
based prehabilitation trials for patients with!>!® and without
frailty>® demonstrate low levels of adherence, we integrated
coaching support based on a leading behavior change theory'®
and evaluated barriers to adherence. However, as our primary
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results do not support effectiveness among all participants as-
signed to prehabilitation, despite using a structured approach
to supporting adherence, current plans for prehabilitation imple-
mentation should cautiously consider our results, which high-
light possible gaps in intervention design, as well as barriers to
effective delivery. In contrast, signs of effectiveness among ad-
herent participants suggest that individuals meaningfully
engaging in prehabilitation may derive benefit.

Delivering effective prehabilitation in the short window
before surgery to patients with frailty is challenging. Disease-
related symptoms and fatigue are common, while frailty
emerges from poorer health behaviors across the lifespan.!”
These realities were reflected in a high proportion of partici-
pants endorsing behavioral and medical barriers to adher-
ence. Structural barriers were also identified; 23% of partici-
pants did not have the expected 3-week minimum enrollment
before surgery, highlighting the need to integrate prehabilita-
tion and surgical scheduling. That our results, consistent with
prior smaller trials in frailty and meta-analyses,®1>"'® suggest
possible effectiveness among adherent participants without
negative safety signals supports the need to address identi-
fied gaps and barriers to develop approaches to prehabilita-
tion that can effectively serve the growing population of older
surgical patients with frailty.

Our multimodal program included moderate-intensity ex-
ercise and nutritional advice, consistent with programs dem-
onstrating efficacy in smaller, home-based trials and contem-
porary best evidence.®-**>2 Median adherence was 78% while
enrolled, and prehabilitation participants were 8-fold more likely
toreport increasing physical activity levels prior to surgery than
controls. However, opportunities remain to improve or modify
prehabilitation programming for older adults with frailty. For
example, explicit protein supplementation, in addition to ad-
vice, could enhance effectiveness.>® Additionally, for some pa-
tients with frailty, more intensive exercise, including supervi-
sion at a facility, may be required and could help to overcome
participant-reported barriers around goals and reinforcement.
A recent trial of a 3-year structured rehabilitation program af-

Home-Based Prehabilitation for Older Surgical Patients With Frailty

ter surgery and chemotherapy for colon cancer demonstrated
benefits in disease-free and overall survival using a combina-
tion of facility- and home-based programming.>* However, fa-
cility-based programs could also exacerbate barriers related to
competing priorities. Future research is required to better
understand what patient characteristics and preferences best
align with home- vs facility-based programs, which could be
informed by individual patient meta-analysis of our data and
related trials.'>16->> Further refinement of individual compo-
nents, duration, and dosing for multimodal prehabilitation is
also required and could be enhanced through use of wearable
technology and subsequent analysis using emerging methods
in targeting individualized treatment effects.>®->”

Limitations

Our trial has limitations. Control participants were only partially
blinded, which could bias estimates to the null. In keeping with
pragmatic design, all randomized participants were analyzed re-
gardless of adherence, which improves internal validity but could
dilute effect estimates. Improvements consistent with a clinically
meaningful difference in disability score must be cautiously in-
terpreted in the per-protocol population. Improvements in health-
related quality of life across analysis populations, while consis-
tent with prior knowledge,® may be spurious due to multiple test-
ing. We did not explicitly collect delirium data, which is arelevant
outcome for older adults.

.|
Conclusions

In this multicenter randomized clinical trial, we found that as-
signment of older patients with frailty preparing for elective, non-
cardiac surgery to a home-based prehabilitation program did not
result in improvements in patient-reported disability scores or
reduced complication risk. Patient-centered outcomes may be
meaningfully improved with adherent participation in preha-
bilitation; however, intervention design and delivery require fur-
ther optimization to overcome barriers to adherence.
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