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ABSTRACT

OBJECTIVE

To estimate the relative efficacy of individual and
combinations of prehabilitation components
(exercise, nutrition, cognitive, and psychosocial) on
critical outcomes of postoperative complications,
length of stay, health related quality of life, and
physical recovery for adults who have received
surgery.

DESIGN

Systematic review with network and component
network meta-analyses of randomised controlled
trials.

DATA SOURCES

Medline, Embase, PsycINFO, CINAHL, Cochrane
Library, and Web of Science were initially searched
1 March 2022, and updated on 25 October 2023.
Certainty in findings were assessed using the
Confidence in Network Meta-Analysis (CINeMA)
approach.

MAIN OUTCOME MEASURES

To compare treatments and to compare individual
components informed by partnership with patients,
clinicians, researchers, and health system leaders
using an integrated knowledge translation framework.
Eligible studies were any randomised controlled trial
including adults preparing for major surgery who were
allocated to prehabilitation interventions or usual
care, and where critical outcomes were reported.

RESULTS

186 unique randomised controlled trials with
15684 participants were included. When comparing
treatments using random-effects network meta-
analysis, isolated exercise (odds ratio 0.50 (95%
confidence interval (Cl) 0.39 to 0.64); very low

WHAT IS ALREADY KNOWN ON THIS TOPIC

Postoperative complications, prolonged length of stay, and difficult patient
centred recovery after surgery are common and have major implications for
patients, clinicians, and health system leaders

Prehabilitation of one or multiple components that aim to increase patients’
reserves before surgery may help to improve outcomes, but certainty of its
efficacy is low, and what components are most efficacious is unknown

WHAT THIS STUDY ADDS

Multicomponent interventions that include exercise, as well as isolated exercise
and nutrition are most likely to improve complication rates, length of stay, health
related quality of life and physical recovery after surgery

The certainty of prehabilitation interventions’ efficacy remain low due to trial
level risks of bias and imprecision
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certainty of evidence), isolated nutritional (0.62

(0.50 to 0.77); very low certainty of evidence), and
combined exercise, nutrition, plus psychosocial

(0.64 (0.45 to 0.92); very low certainty of evidence)
prehabilitation were most likely to reduce
complications compared with usual care. Combined
exercise and psychosocial (-2.44 days (95% Cl -3.85
to —1.04); very low certainty of evidence), combined
exercise and nutrition (-1.22 days (-2.54 to 0.10);
moderate certainty of evidence), isolated exercise
(-0.93 days (-1.27 to —0.58); very low certainty of
evidence), and isolated nutritional prehabilitation
(-0.99 days (-1.49 to —0.48); very low certainty of
evidence) were most likely to decrease length of

stay. Combined exercise, nutrition, plus psychosocial
prehabilitation was most likely to improve health
related quality of life (mean difference on Short Form-
36 physical component scale 3.48 (95% Cl 0.82 to
6.14); very low certainty of evidence) and physical
recovery (mean difference in meters on the six min
walk test 43.43 (95% Cl 5.96 to 80.91); very low
certainty of evidence).When comparing individual
components using component network meta-analysis,
exercise and nutrition were the individual components
most likely to improve all critical outcomes. The
certainty of evidence for all comparisons across all
outcomes was generally low to very low due to trial
level risk of bias and imprecision; however, results for
exercise and nutritional prehabilitation were robust
with exclusion of high risk of bias trials.

CONCLUSIONS

Consistent and potentially meaningful effect estimates
suggest that exercise prehabilitation, nutritional
prehabilitation, and multicomponent interventions
including exercise may benefit adults preparing for
surgery and could be considered in clinical care.
However, multicentre trials that are appropriately
powered for high priority outcomes and that have a
low risk of bias are required to have greater certainty
in prehabilitation’s efficacy.

REGISTRATION

International prospective registry of systematic
reviews CRD42023353710.

Introduction

Prehabilitation means actively preparing patients for
surgery through exercise, nutritional enhancement,
psychological support, cognitive training, or a
combination of these components.’> With more than
300 million surgeries performed worldwide each
year,® patients, the public, clinicians, scientists, and
health system leaders have identified prehabilitation
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as a high priority intervention for research and future
implementation.”” Postoperative complications and
impaired functional recovery remain common (each
>20% incidence) after major surgery. By helping
patients to enhance their physical, physiological,
psychological or cognitive reserve before surgery,
prehabilitation represents a promising intervention to
prevent these complications.®*°

Despite the prioritisation and promise of
prehabilitation, evidence highlights several barriers
to routine application of prehabilitation for patients
preparing for surgery. Many reviews,'*'* including an
umbrella review that synthesised 55 unique systematic
reviews,! suggest that prehabilitation may have
protective effects in reducing complications, length
of stay, and improving functional recovery. However,
the overall certainty of benefit is low for several
reasons.! Although prehabilitation directly targets
patients’ health behaviours and requires meaningful
effort from individuals to participate,’® most available
systematic reviews are rated as low quality' * and
have not included patient and public perspectives.
Reviews typically estimate one effect for either a single
prehabilitation component (eg, exercise only) or pool
heterogeneous interventions together.! '* *” '8 As an
often multicomponent intervention where different
components (eg, exercise and nutrition) may modify the
other’s efficacy,” *° this limits our ability to understand
what prehabilitation components, or combinations
of components, are most likely to be efficacious.
Consequently, patients and clinicians are uncertain
about what prehabilitation approaches should be
incorporated into clinical practice, while researchers
aiming to optimally design future prehabilitation
interventions and trials are left with limited insights.

To move the science of prehabilitation forward, high
quality evidence synthesis is required, based on best
practice methods to identify relevant primary studies,
and appropriate analyses that can estimate the relative
efficacy of different prehabilitation components.
Network meta-analysis and component network
meta-analysis allow estimation of separate effects for
specific combinations of components, and individual
components, respectively, through direct and indirect
comparisons.”’ We undertook a systematic review
along with network meta-analysis and component
network meta-analysis that was informed by patient
and public partnerships using an integrated knowledge
translation framework.”’ Our aim was to identify
which prehabilitation components and combinations
of components were most likely to improve critical
postoperative outcomes (complications, length of stay,
health related quality of life, and physical recovery) in
adults preparing for surgery.

Methods

This systematic review incorporated treatment level
network meta-analysis and component network meta-
analysis. A protocol was developed, prospectively
registered (CRD42023353710), and published.?? This
report was prepared in keeping with guidance from
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the Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) statement, the PRISMA
statement extension for network meta-analysis,?* 2*
and the guidance for reporting involvement of patients
and the public-2 checklist (appendix 1).%

Search strategy

A search strategy was developed by an information
specialist, and peer reviewed using best practices®’
prior to performance in the following databases:
Ovid Medline, Embase, the CINAHL, PsycINFO, Web
of Science, and the Cochrane CENTRAL Register of
Controlled Trials. We also reviewed clinical trials
registration websites to identify unpublished data, and
reviewed reference lists of included studies to identify
missed citations. The literature search (appendix 2)
was initially run on 1 March 2022 and was updated on
25 October 2023.

Intervention definition

While no universal definition of prehabilitation exists,’
we defined prehabilitation as a unimodal intervention
consisting of exercise (eg, aerobic, strength, functional
or stretching, or respiratory focused interventions),
nutrition (eg, counselling, supplementation, or other
interventions to improve oral or enteral intake),
cognitive (eg, interventions to improve or maintain
cognitive function), or psychosocial (eg, interventions
to improve mood, affect, or motivation) training or
support, or a multimodal intervention that combined
exercise, nutrition, cognitive or psychosocial
components, or a combination, undertaken for seven
or more days before surgery.! > ' No restrictions
were placed on daily or overall programme duration,
location, or supervisory approaches.

Inclusion and exclusion criteria

We included randomised controlled trials that enrolled
adults (>18 years) undergoing elective surgery who
were allocated to a prehabilitation intervention versus
a comparator intervention or usual or standard care,
and that reported any critical outcomes. We excluded
studies that evaluated isolated preoperative risk
factor management (eg, smoking cessation, anaemia
treatment, and management of medical conditions),
where the prehabilitation intervention was for fewer
than seven days (to differentiate prehabilitation
interventions from related interventions such as
enhanced recovery programmes, and to ensure
programmes had adequate time for effect, based on
established operational definition of prehabilitation
developed using integrated knowledge translation
approach’), or where the study design was quasi-
experimental or non-randomised. No restrictions
regarding language of publication were applied.

Outcomes

Using an integrated knowledge translation approach,
we were able to prespecify four outcomes based
on input from patients, clinicians, health system
leaders, and scientists: (1) any postoperative medical
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or surgical complications during the initial surgical
hospital duration or up to 30 days after surgery; (2)
length of hospital stay; (3) health related quality of
life (generic or disease specific: up to 90 days after
surgery); (4) physical recovery (eg, six min walk test
and short physical performance battery; up to 90
days postoperative). Where more than one measure
of a critical outcome was reported in an included
trial, a prespecified prioritisation scheme was used
to select the specific outcome measure for data
synthesis (appendix 3). We used the following effect
sizes to guide the interpretation of results that were
potentially clinically meaningful: complications (odds
ratio <0.80),?® length of stay (1 day), health related
quality of life (3 points on the Short-Form 36, physical
component scale),?’ and physical recovery (20 metres
on the six min walk test).>°3!

Study selection

Screening of titles and abstracts, and then full
text review, were conducted in duplicate by two
independent reviewers using DistillerSR (Evidence
Partners, Ottawa, Canada). At each stage, the study
lead (DIM) reviewed and resolved any conflicts, or
ratings marked as uncertain, for final inclusion using
a consensus based approach.

Data extraction and risk of bias assessment

Once the final set of included randomised controlled
trials was identified, data were extracted using a
standardised collection form designed a priori for this
study (appendix 4). Each data point was extracted by
a first reviewer and verified by one of two lead data
extractors. Sample size, population characteristics,
and outcome data were collected for each trial. For the
dichotomous outcome (complications), we collected
data at the treatment arm level (number of participants
and events) and its measure of uncertainty (eg, 95%
confidence intervals (CIs)). For continuous outcomes
(length of stay, healthrelated quality oflife, and physical
recovery), we preferentially collected data at the
treatment arm level (ie, number of participants, mean,
and standard deviation) over effect estimates (eg, mean
difference and 95% CI). For health related quality of life
and physical recovery, where both baseline and final
measures were reported, final measures were preferred
over within group differences. Where medians and
ranges (interquartile range or range from minimum to
maximum value) were reported instead of means and
standard deviations, data were transformed using the
methods of Wan and colleagues.>?> Where group level
baseline scores and change scores were reported for
quality of life and physical recovery, we calculated
final scores and estimated standard deviation using
a correlation coefficient of 0.70, which was selected
in consultation with clinical experts. Other data
formats were converted as necessary, using published
methods.>* 3 Missing data were sought directly from
study authors, with at least two emails sent at least two
weeks apart before data were considered missing. All
risk of bias assessments were duplicated, one by the
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study lead and a second by another reviewer, using the
Cochrane risk of bias tool.> For each study, overall risk
of bias was classified as low (no domains rated high,
low risk of bias for allocation concealment, less than
three domains unclear), moderate (one domain rated
high, low risk of bias for allocation concealment, fewer
than three domains unclear), or high (all other cases).

Data syntheses and analyses

Descriptive summaries of study level characteristics
prioritised by the research team were computed
(appendix 5). We generated network diagrams for each
outcome to assess network connectivity and to present
the evidence base for each outcome. Between trial
heterogeneity and appropriateness of the transitivity
assumption for network meta-analysis were assessed
using box plots, bar charts, and evidence tables to
examine differences in potential study-level effect
modifiers (eg, surgery type, control group outcome
risk or mean, publication year, mean age, proportion
female, and risk of bias) and study design. All analyses
were performed in R statistical software (version
4.3.3; R Core Team 2024; netmeta, gemtc, rjags, and
BUGSnet packages).>®*® Results were considered to
have strong statistical evidence based on an alpha of
5% unless otherwise specified.

Treatment level network meta-analysis

We prespecified use of frequentist random-effects
network meta-analysis models for all outcomes. Binary
endpoints were directly modelled using the extracted
counts of events and participants for each study, with
odds ratios as the summary effect measure. Studies
with no events in either group did not contribute to
the meta-analysis, while defaults (ie, no continuity
correction) in netmeta were used for studies with
zero events in one arm as treatment effects did not
assume infinite values.>® Continuous endpoints were
modelled with mean differences, or standardised
mean differences when an outcome was measured
on different scales across studies (ie, health related
quality of life, and physical recovery). Where outcomes
were measured before and after surgery (health related
quality of life and physical recovery), only final values
were included in the analyses. We back-transformed
standardised mean differences® to the scale most
frequently reported in included studies (Short
Form (SF)-36 physical component score for health
related quality of life and the six min walk test for
physical recovery (details in appendix 6)). All pooled
effects were estimated along with 95% Cls and 95%
prediction intervals.> “° Consistency within treatment
level network meta-analysis was assessed using global
(ie, design-by-treatment interaction test*!) and local
tests (ie, comparison of direct and indirect treatment
effects, using a back-calculation approach®?). We also
calculated the I” statistic to estimate the percentage of
variability due to heterogeneity rather than chance,*
which can be inflated in network meta-analyses due
to potential inconsistency across different studies and
designs.*® Between study variance (t?) was estimated



using the restricted maximum likelihood method.**
Results of all treatment level network meta-analysis
were reported using forest plots, with usual care as
the reference group, and league tables of all pair-wise
treatment comparisons. Treatments were ranked using
P scores, which can be interpreted as the mean extent
of certainty that a given treatment is more efficacious
than any other.* P scores vary from O to 1, with values
closer to 1 representing greater probability of being
most efficacious. Relative treatment rankings were
reported using rank-heat plots of P scores to allow
comparison of treatment ranks across all outcomes.*®
Effects from small studies (potential publication
bias) were assessed through visual inspection of
contour-enhanced funnel plots and incorporated
into assessments of the certainty of the evidence.’®*’
We considered several sensitivity analyses for the
treatment level network meta-analysis to explore
evidence of heterogeneity or inconsistency, or both.
(1) We did network meta-regressions by surgery type
(oncological v non-oncological and orthopaedic v non-
orthopaedic) and used control group outcome risk or
mean; network meta-regressions were performed in a
Bayesian framework as these methods are unavailable
within frequentist network meta-analysis packages. (2)
Weremoved studies that were potentially outliers based
on magnitude or direction of treatment effect relative to
other studies of the same treatment comparison. (3) We
used modelling the ratio of geometric means for length
of stay data,*® which follow a skewed distribution. (4)
We did a restriction of network meta-analysis to studies
judged to be at overall low risk of bias (appendix 7).

Component network meta-analysis

To explore the relative efficacy of individual
components (ie, exercise, nutrition, psychological, and
cognitive) within and across treatments, we performed
component network meta-analysis in a frequentist
setting.”’ Additive component network meta-analysis
assumes that the effects of individual components
are additive (ie, the effect of a treatment comprised
of exercise and nutrition components would be the
sum of the expected effects of exercise and nutrition
alone).” We tested the additivity assumption by
comparing the difference in Cochrane’s Q-statistics of
the additive component network meta-analysis model
and the treatment level (ie, full-interaction) network
meta-analysis model at a cut-off determined by the
difference in the models’ degrees of freedom.?® *°
When significantly different Q-statistics were found,
the additivity assumption was considered violated
and interaction component network meta-analysis
models were fit in a forward selection process, as
described elsewhere.” Further details on component
network meta-analysis implementation are provided
in appendix 7.

Certainty of evidence assessment

Certainty of treatment effect estimates for each
outcome at the treatment level were assessed using
the Confidence in Network Meta-Analysis (CINeMA)
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approach, covering six domains of bias: within study
bias, across study bias, indirectness, imprecision,
heterogeneity, and inconsistency.’® *' For each
outcome, we generated CINeMA certainty ratings with
levels of high, moderate, low, or very low. We used
the risk of bias due to missing evidence in network
meta-analysis (ROB-MEN) tool to assess reporting
bias, which includes the assessment of effects from
small studies.’” Details of the ROB-MEN and CINeMA
assessment methods are available in appendix 8.
Overall CINeMA assessments for each comparison
reported in the main text were based on the average
risk of bias assessment and the average indirectness
assessment for that comparison.

Protocol deviations

All protocol deviations are reported in appendix 9. As
described, our team of patient and knowledge user
partners emphasised reporting of the treatment level
network meta-analysis as the primary analysis (over
the component network meta-analysis) because of the
clinical and statistical considerations for component
network meta-analysis (which was a recognised
possibility in our published protocol).??

Patient and public involvement

The focus of this review was directly informed by
three patients and 10 knowledge user partners using
an integrated knowledge translation approach.?! ¢
Using this approach meant that patients with lived
experience of having surgery, and knowledge users
with lived experience of providing and delivering
perioperative care and prehabilitation participated as
partners on the research team. Partners collaborated
in all aspects of the research process, from question
formation through to dissemination (including
preparation and approval of the final manuscript).
Partnerships were fostered through formal and informal
meetings, discussions, and email. We used team-
wide questionnaires to identify what prehabilitation
components to evaluate and to choose critical
outcomes. Prehabilitation is a complex intervention,
and component network meta-analysis and network
meta-analysis are complex statistical approaches
with many underlying assumptions. For this reason,
a major focus of team meetings, which included
small group breakout sessions, was to discuss how
the clinical considerations of prehabilitation should
inform the application of statistical assumptions to
our data. These discussions were also used to guide
interpretation, once results were available. From
meetings and discussions, the patient and knowledge
user team decided to place a primary focus on the
treatment level network meta-analysis results rather
than component level component network meta-
analysis results because partners expressed a strong
belief in the likely underlying clinically meaningful
interaction of different prehabilitation components
in multimodal prehabilitation programmes (eg, many
partners expressed a belief that exercise and nutrition
would act synergistically’®). Therefore, results from
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Fig 1 | Proportion of included studies with high, unclear, and low risk of bias for each
bias domain of the Cochrane collaboration’s risk of bias 1 tool
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treatment level network meta-analysis were thought
to be most clinically relevant, and knowledge
users expressed a preference for relying less on the
more complex statistical assumptions underlying
component network meta-analysis.?

Results

We screened 6106 unique titles and abstracts, followed
by full text review of 1114 records, resulting in the
inclusion of 186 unique randomised controlled trials
(n=15684) (PRISMA diagram, appendix 10; included
studies, appendix 11; excluded studies with rationale,
appendix 12). No included studies reported any patient
or public partnership. Among included trials, 43 (23%)
were low risk of bias, 66 (36%) were moderate, and 77
(41%) were high risk (fig 1, appendix 13).

The mean age of trial participants was 62 years, the
median proportion of participants who were women
or identified as women(distinction between sex and
gender in included studies was poor) was 45%. The
distribution of surgery types was as follows: 43 (23%)
orthopaedic, 20 (11%) major non-oncology, 20 (11%)
cardiac or vascular, 84 (45%) oncology, and 19 (10%)
mixed. An exercise prehabilitation component was
reported in 133 randomised controlled trials (72%),
nutritional in 68 (37%), psychosocial in 31 (17%), and
cognitive in four (2%) (appendix 11).

Network characteristics and review of assumptions

Network diagrams for all four outcomes are presented
in figure 2. All outcomes except physical recovery had
one closed loop; physical recovery had a star-shaped
network. For each outcome, we assessed transitivity
through visual inspection of patient characteristics
across studies informing the network meta-analysis.
The findings showed, on average, minor differences
between treatment comparisons in mean age and the
proportion of enrolled women, mainly for comparisons
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with smaller numbers of studies (appendix 14). In cases
where evidence showed intransitivity, we downgraded
CINeMA certainty ratings in the indirectness domain
(appendix 8). We also noted some variability in
observed risk of complications and central values
of length of stay, health related quality of life, and
physical recovery in the usual care group (appendix
14, along with results of prespecified control group risk
(or mean) network meta-regressions mentioned later).
Statistical heterogeneity was substantial for length
of stay, health related quality of life, and physical
recovery; however, none of our a priori specified effect
modifiers meaningfully explained this variability.
Small study effects may have been present for exercise,
nutrition, plus psychosocial and isolated nutritional
prehabilitation for complications and length of stay
outcomes; isolated exercise for health related quality
of life; and exercise, nutrition, plus psychosocial
prehabilitation for physical recovery. For all outcomes,
prediction intervals suggested that estimated effects
may not always be reliably replicated in different
clinical scenarios, reflecting potential heterogeneity
in treatment response (appendices 15, 16, 17, and 18
for details). No evidence of global inconsistency was
suggested for any endpoint, while a minor deviation
detected in the local tests of inconsistency for the
complications outcome downgraded certainty ratings
for one comparison.

Complications

Complications were reported in 106 trials comprising
8816 participants (fig 2, complications). Reported
complication types were predominantly a composite
of any complication (49 (46%)), or cardiopulmonary
(21 (20%)) or infectious complications (21 (20%))
(appendix 15). All interventions except for isolated
psychosocial prehabilitation directionally reduced the
odds of complications compared with usual care (fig
3, complications). The four highest ranked treatments
versus usual care were isolated exercise prehabilitation
(odds ratio 0.50 (95% CI 0.39 to 0.64); P score 0.85;
very low certainty of evidence), exercise plus nutrition
(0.52 (0.26 to 1.05); P score 0.75; very low certainty),
isolated nutritional prehabilitation (odds ratio 0.62
(0.50 to 0.77); P score 0.62; very low certainty), and
combined exercise, nutrition, plus psychosocial
prehabilitation (odds ratio 0.64 (0.45 to 0.92); P
score 0.59; very low certainty) (fig 3, complications).
No significant differences were found between
active treatments (see league tables in appendix
15). Statistical heterogeneity was moderate in the
whole network (I>=30.7%; t°=0.15). Network meta-
regression on surgery type did not reduce statistical
heterogeneity, and model fit was worse compared with
the primary model when baseline risk meta-regression
was conducted (appendix 15). Certainty of evidence
from direct comparisons were rated as very low for all
treatment comparisons except exercise plus nutrition
versus usual care (low; appendix 15). Reduced
certainty was mainly due to concerns regarding within-
study bias and imprecision.



Complications (n=106)

cog

uc
(n=168)

exe —

(n=1590) k)

exe+psy

=107 nut

(n=1699)

exe+nut

S
(n=136) E)nZ1 88)
exe+nut+psy
(n=571)
Quality of life (n=53)
exe
psy (n=1324)

(n=160) 1

uc
36 (n=2024)
exe+cog
(n=51)

1

8 nut

exe+psy (n=22)
(n=151)
ax exe+nut+psy
Sl (n=327)

RESEARCH

Length of stay (n=118)

cog
(n=168)

exe
(n=2381)

(n=4992)

exe+psy

(n=135) 32

nut

exetnut (n=1234)
(n=265)
exe+nut+psy ?:2236)
(n=649)
Physical recovery (n=59)
exe
(n=1068)
uc
(n=1566)
psy
(n=74)
exe+cog
(n=17)
nut
(n=22)
exe+nut
(n=123) exe+nut+psy

(n=397)

Fig 2 | Network diagrams for all critical outcomes (postoperative complications, length of stay in hospital, quality
of life, and physical recovery). Network diagrams display the evidence base that informed network meta-analysis
for each outcome. Nodes are proportionally sized to reflect the total numbers of patients randomised to each
intervention, while edges are proportionally sized to reflect the numbers of randomised controlled trials informing
each treatment comparison. cog=cognitive; exe=exercise; nut=nutrition; psy=psychosocial; UC=usual care

For the component network meta-analysis model,
no statistical evidence suggested violation of the
additivity assumption (appendix 15). Exercise (odds
ratio 0.53 (95% CI 0.42 to 0.66)) and nutrition (0.66
(0.54 to 0.81)) components both significantly reduced
the odds of postoperative complications (appendix
15). Evidence for the psychosocial component was
more consistent with harm (1.75 (1.17 to 2.61)).
Heterogeneity was unchanged from the treatment level
network meta-analysis (1°=30.3%; t>=0.14).

Length of stay

Length of stay was reported in 118 randomised
controlled trials (n=10060; fig 2). A network
meta-analysis at the treatment level found that
all interventions, except for isolated cognitive
prehabilitation, directionally reduced length of stay
compared with usual care (fig 3, length of stay). The
four highest ranked treatments all reduced length of
stay by a potentially clinically meaningful difference
of about one day versus usual care, including exercise
plus psychosocial prehabilitation (mean difference
-2.44 days (95% CI -3.85 to —1.04); P score 0.97;
very low certainty of evidence), exercise plus nutrition
(-1.22 days (-2.54 to 0.10); P score 0.71; moderate
certainty), isolated nutritional prehabilitation (-0.99
days (—1.49 to —0.48); P score 0.67; very low certainty),

and isolated exercise prehabilitation ( -0.93 days
(-1.27 to —0.58); P score 0.63; very low certainty).
Combined exercise plus psychosocial prehabilitation
was associated with significantly greater reductions
in length of stay compared with each of isolated
exercise (-1.52 days (-2.94 to —-0.09); very low
certainty); exercise, nutrition, plus psychosocial
(-1.91 days (-3.47 to —0.36); very low certainty);
isolated psychosocial (-2.18 days (-4.08 to —0.29);
very low certainty); and isolated cognitive (—2.80 days
(-4.79 to —0.82); very low certainty) interventions;
no significant differences were noted between any
other active treatment comparisons (see league tables
in appendix 16). Statistical heterogeneity was high
across the whole network (I =83.3%; t> =1.09).
Certainty in the effect estimates for direct comparisons
was moderate for exercise plus nutrition and exercise,
nutrition, plus psychosocial versus usual care, and
very low for all others. Downgrades were mainly due to
concerns regarding within-study bias and imprecision.
For comparison specific assessments, see appendix 16.

Sensitivity analyses using the ratio of geometric
means effect measure resulted in only minor changes
in clinical interpretations relative to the primary
analysis (appendix 16). Other sensitivity analyses
excluding outlier studies in the loop did not reduce
heterogeneity. Meta-regression on surgery type did not
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significantly improve model fit, while meta-regression
on the mean length of stay of the control group
did significantly improve model fit (appendix 16).
Adjustment mean length of stay of the for control group
also strengthened effect estimates for all treatments
compared with usual care (appendix 16). The effects
of exercise, nutrition, plus psychosocial and exercise
plus nutrition reached statistical significance; the
effect of cognitive prehabilitation reversed direction to
become beneficial; and treatment rankings shifted so
that usual care became the lowest ranked treatment.

For the component network meta-analysis model,
statistical evidence suggested that the additivity
assumption did not hold (appendix 16). A model
containing a two way interaction term between
exercise and nutrition and a three way interaction
term between exercise, nutrition, and psychosocial
components improved model fit. Findings from
the interaction model suggested that exercise and
nutrition components significantly reduced length
of stay (exercise: mean difference —0.96 days (95%
CI -1.30 to —0.61); nutrition: —0.99 days (-1.49 to
-0.48)). However, the interaction terms suggested that
the incremental effects of the exercise and nutrition
components were reduced in the other’s presence
(ie, the reduction in length of stay was not as large as
their sum), and inclusion of a psychosocial component
further reduced the expected effect of the intervention.
The effects of psychosocial and cognitive components
were imprecise (appendix 16). Heterogeneity was
unchanged from the treatment level network meta-
analysis (1*=83.2%; t*=1.07).

Health related quality of life

Health related quality of life was reported in 53
randomised controlled trials (n=4135; fig 2, panel
C) and measured on various scales, most commonly
the SF-36 or SF-12 physical component score (n=14
studies; 26%) and the EQ-5D visual analogue scale
(n=8; 15%). Findings are presented as mean differences
after back-transformation to the SF-36 physical
component score (as well as standardised mean
differences in appendix 17). Treatment level network
meta-analysis found that all interventions except
isolated psychosocial prehabilitation and exercise plus
cognitive prehabilitation directionally improved health
related quality of life measures compared with usual
care (fig 3). Compared with usual care, the two highest
ranked treatments increased health related quality of
life by a potentially clinically meaningful difference
(mean difference=3), including exercise, psychosocial,
plus nutrition (mean difference 3.48 (95% CI 0.82 to
6.14); P score 0.81; very low certainty of evidence)
and isolated nutritional prehabilitation (3.28 (-5.03
to 11.60); P score 0.68; moderate certainty). Isolated
exercise (2.29 (0.96 to 3.62); P score 0.66; very low
certainty), and exercise plus psychosocial (1.31 (-3.36
to 5.98); P score 0.51; low certainty) prehabilitation
were third and fourth highest ranked versus usual
care, but pooled point estimates were not larger than
a potentially meaningful difference (fig 3, quality of
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life). No significant differences were found between
active treatments (see league tables in appendix 17).
Statistical heterogeneity was moderate in the whole
network (I’=60.0%; 1> =0.09). Certainty in direct
effect estimates were moderate for one intervention
(nutrition v usual care), low for three (exercise plus
nutrition and exercise plus psychosocial v usual
care; exercise v psychosocial) and very low for four
comparisons (exercise, psychosocial, exercise plus
cognitive, and exercise, nutrition, plus psychosocial v
usual care). Downgrades were mainly due to concerns
regarding within study bias and imprecision (appendix
17). Network meta-regressions on surgery type and
control group standardised mean did not improve

model fit (appendix 17).
For the component network meta-analysis
model, no evidence suggested violation of the

additivity assumption from statistical tests. Amongst
components, only exercise was associated with a
statistically significant improvement in health related
quality of life (mean difference 2.20 (95% CI 1.00 to
3.50); appendix 17). Heterogeneity was unchanged
from the treatment level network meta-analysis
(I* =59.0%; 1> =0.08).

Physical recovery

Physical recovery was reported in 59 randomised
controlled trials (n=3267; fig 2) and was measured
on various scales, most commonly the six min walk
test (34 studies). Findings are presented as mean
differences after back-transformation to the six min
walk test (measured in meters; standardised mean
differences in appendix 18). Treatment level network
meta-analysis found that all interventions directionally
improved physical recovery compared with usual care
(fig 3, physical recovery). The four highest ranked
treatments compared with usual care all increased
physical recovery by a potentially clinically meaningful
difference (six min walk test 20 m), including exercise,
psychosocial, plus nutrition (mean difference v usual
care 43.43 m (95% CI 5.96 to 80.91); P score 0.72;
very low certainty of evidence), exercise plus nutrition
(40.52 m (-32.33 to 113.38); P score 0.65; very low
certainty), isolated psychosocial (34.50 m (-45.75 to
114.76); P score 0.60; very low certainty), and isolated
exercise (25.73 m (6.11 to 45.35); P score 0.54; low
certainty) (fig 3, physical recovery). No significant
differences were noted between active treatments (see
league tables in appendix 18). Statistical heterogeneity
was moderate to high in the whole network (I?=66.0%;
12=0.16). Certainty in the effect estimates were very low
for all treatment comparisons mainly due to concerns
regarding within-study bias, imprecision, and
incoherence (appendix 18). Network meta-regressions
on surgery type did not improve model fit.

For the component network meta-analysis model,
no evidence from statistical testing suggested that
the additivity assumption was violated. Amongst
components, only exercise was associated with a
statistically significant improvement in physical
recovery (mean difference 26.25 (6.25 to 45.00);
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Fig 3 | Treatment effects obtained from treatment

level network meta-analysis for all outcomes (active
interventions vs usual care; postoperative complications,
length of stay in hospital, quality of life, physical
recovery). P score measures of treatment ranking are
also provided (range 0-1, where values nearer 1 indicate
preferred interventions). cog=cognitive; exe=exercise;
nut=nutrition; psy=psychosocial; UC=usual care

appendix 18). Heterogeneity was unchanged from
the treatment level network meta-analysis (I*=64.9%;
2

?=0.14).

Treatment rankings across outcomes

Based on P scores rankings, in treatment level network
meta-analysis, isolated exercise and multicomponent
interventions that included exercise were typically
most probable to improve critical outcomes, while
isolated psychosocial and cognitive interventions and
usual care were less probable to improve outcomes
(fig 4). Similar results were found in component
network meta-analysis, with exercise and nutrition
components most consistently ranked higher
than other components across critical outcomes
(appendix 19).

Sensitivity analyses

Sensitivity analyses showed that the beneficial effects
of isolated exercise and nutritional prehabilitation
on critical outcomes were robust to the impacts of
risk of bias at the study level. The effect of nutrition
interventions strengthened when studies assessed to
have high risk of bias were removed from the network
(appendix 20). Similarly, nutrition alone was found
to further reduce length of stay when studies that
had high risk of bias were removed; although the
effect of exercise alone was reduced, and no studies
assessed to have low risk of bias evaluated exercise
plus psychosocial interventions. Health related
quality of life and physical recovery networks became
sparse when studies that had a high risk of bias were
removed, resulting in widening of confidence intervals
for exercise, although the magnitude of effect changed
minimally in both analyses. Effect estimates for all
other interventions generally either remained stable
or moved toward the null in risk of bias sensitivity
analyses across all outcomes.

Discussion

In this systematic review with treatment level
network and component network meta-analyses of
186 randomised controlled trials with more than
15000 participants, we found consistent directional
evidence that prehabilitation interventions based on
exercise or nutrition, or multicomponent interventions
that included exercise, may meaningfully reduce
complication rates and length of stay, and may improve
health related quality of life and physical recovery for
adults preparing for major surgery. While trial level
risk of bias and imprecision reduced the certainty of
our effect estimates, pooled effect sizes may represent
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clinically meaningful improvements, and estimates
for exercise and nutrition were robust after exclusion
of high risk of bias trials. These data suggest that
multicentre trials that have low risk of bias are required
to confirm the benefits and generalisability of exercise,
nutritional, and multicomponent prehabilitation, with
high levels of certainty. Patients, clinicians, and health
system leaders might concurrently consider strategies
to feasibly implement promising prehabilitation
strategies, especially exercise and nutrition, into
preoperative care.

Prehabilitation is a complex intervention that
typically consists of multiple components, requires
substantial behaviour change for participants, relies
on the expertise of staff delivering the programme,
and requires skill development by participants.
Additionally, prehabilitation can be delivered in
various contexts (eg, home or facility based) and
by various means (eg, direct coaching or virtual
programming). While several elements must be
considered in the development, evaluation, and
implementation phases of a complex intervention,
determining intervention efficacy remains a key
phase.’? In the case of prehabilitation, a lack of clarity
regarding which components, or combinations of
components, are efficacious in improving critical

RESEARCH

outcomes remains despite publication of more than
100 randomised controlled trials and dozens of
systematic reviews.! 1214171854 Whyile this uncertainty is
multifactorial, leading contributors are a lack of rigour
in conduct of existing reviews, use of quantitative
methods that do not align with the multicomponent
nature of prehabilitation interventions, and risk of bias
at the trial level.

To overcome the limitations of previous reviews,
we partnered with patients, clinicians, researchers,
and health system leaders to inform development
and evaluation of prehabilitation by applying best
practices in systematic review method.>*> We identified
all randomised controlled trials of prehabilitation
using exercise, nutrition, or psychological or cognitive
(or both) interventions that reported data for effect
on outcomes that our partners considered critical (ie,
complications, length of stay, health related quality
of life, and physical recovery).”! We then applied
network meta-analysis and component network meta-
analysis to identify what combinations of components,
and individual components, were most likely to be
efficacious in improving outcomes.”® > Our results
show that the overall certainty in prehabilitation’
efficacy remain mostly low to very low, in keeping with
previous reviews.! ** ¢ >” However, important insights

Outcome
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Fig 4 | Rank-heat plot obtained from treatment-level network meta-analysis. The rank heat plot presents a summary of
P scores (range 0-100) for each intervention across outcomes, where darker shades of green represent more benefit
and darker shades of red represent less benefit.cog=cognitive; exe=exercise; nut=nutrition; psy=psychosocial;

UC=usual care
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have emerged that should inform further development
and refinement of prehabilitation interventions, their
evaluation, and future implementation.

Multicentre prehabilitation trials that are low risk of
bias are urgently needed. To reduce trial level risk of
bias, trialists will need to focus on improving blinding
of personnel and participants, while ensuring outcome
data are complete. Although the impact of blinding
on effect size estimates is uncertain, blinding may
be especially important when outcomes are patient
reported.”® > While blinding in non-drug studies,
especially for exercise interventions, is challenging,
existing reviews synthesise a number of potential
approaches.®® ! Building on these insights, low risk of
bias trials should aim to estimate the effectiveness of
exercise, nutrition, and multicomponent interventions
that include exercise. Designs need to be adequately
powered to detect meaningful differences in outcomes,
particularly health related quality of life and physical
recovery.

While certainty in pooled estimates for all
components and combinations was downgraded
because of within trial bias and imprecision across all
outcomes, data for health related quality of life and
physical recovery were especially sparse. The scarcity
of patient reported and physical recovery data were
especially pertinent as patient perspectives and core
outcome sets increasingly stress the importance of
patient reported and functional outcome measures
after surgery.” 2% While our results suggest that
prehabilitation likely has moderate effects on
complications and length of stay, estimated prediction
intervals indicate that intervention effects may vary
substantially, further highlighting the urgent need for
design and conduct of robust prehabilitation trials. In
designing such multicentre trials, the generalisability
of trial results would be enhanced through inclusion
of equity deserving groups.®® Adequate power may
also be supported by using more conservative effect
sizes (such as the upper boundary of the estimated
95% CIs®’) in estimating sample size requirements
given identified concerns about risk of bias and
imprecision in underlying trials. Where available,
established minimally important differences should
be incorporated into trials designed to evaluate patient
reported outcomes and functional recovery.>® ¢

Previous reviews and our partners have identified
that prehabilitation’s efficacy in improving outcomes
may be heterogenous.' * '® ** This heterogeneity,
as well as the overall uncertainty identified in our
review, is reflected in existing guidelines that discuss
prehabilitation. In particular, current areas of focus
are older age and the presence of frailty, as well as
defined states of malnutrition.®® ° ' In developing
our protocol, partners postulated that surgery type
may be an important potential effect modifier.??
While statistical heterogeneity was substantial for
all outcomes other than complications, accounting
for surgery type as an effect modifier did not reduce
statistical heterogeneity or improve model fit for
any outcome. This suggests that surgery type may

not be an important modifier of prehabilitation
efficacy and might support design and evaluation of
prehabilitation programmes that could span multiple
surgical populations. Knowledge synthesis focused
on newly emerging within-component interventions
(eg, aerobic v strength v inspiratory muscle training as
approaches to exercise) will further help to untangle
heterogeneity.”” Evaluation of other prioritised effect
modifiers, as well as whether prehabilitation trials are
reflective of target populations and their diversity, will
require more consistent reporting of participant and
programme characteristics. This reporting could be
supported by development of prehabilitation specific
reporting guidelines or extensions.”?

Our findings also provide valuable insights for
patients, clinicians, and health system leaders
interested in actionable, evidence informed strategies
to implement prehabilitation to improve outcomes.
Most importantly, our data suggest that exercise is
the prehabilitation component most likely to improve
critical outcomes. This finding was consistent in
primary results from treatment level network meta-
analysis models, where isolated exercise was the most
likely intervention to decrease complications, and
multicomponent interventions that included exercise
had the highest probability of improving length of stay,
health related quality of life and physical recovery. In
component network meta-analysis models, exercise
was the only component to improve all critical
outcomes in a statistically significant manner; had the
greatest effect for complications, health related quality
of life, and physical recovery; and had the highest or
second highest probability of being the most efficacious
component for three of four critical outcomes. In
addition to exercise, nutritional prehabilitation
should also be strongly considered because isolated
nutrition and multicomponent interventions that
included nutrition significantly improved all critical
outcomes and had a high probability of being the
most efficacious component in all component
network meta-analysis analyses. For cognitive and
psychosocial prehabilitation components, available
evidence was sparse for all outcomes and these
interventions were not widely applied across different
surgical populations. Future research is needed to
provide greater insights into the efficacy of isolated
psychosocial and cognitive prehabilitation, as well as
their roles in multicomponent programmes.

Strengths and limitations

This review was conducted according to best practices
for systematic reviews, network meta-analyses, and
component network meta-analyses. Our protocol was
developed in partnership with patients, clinicians,
health system leaders, and researchers, and was
registered and published a priori. Partners were
also involved in all subsequent stages of the review,
including interpretation of results and reporting. As
prehabilitation systematic reviews and randomised
trials to date have rarely included patient partners and
knowledge users, our integrated knowledge translation

doi: 10.1136/bmj-2024-081164 | BMJ 2025;388:2081164 | thebmj



informed approach could act as an exemplar for future
partnered research. Through conduct and reporting of
both network and component network meta-analyses,
our results provide insights into the efficacy of both
combinations of, and individual, prehabilitation
components.

Despite inclusion of 186 trials providing data
for more than 15000 participants, certainty in our
estimates was low to very low for most analyses.
Low certainty ratings largely reflected study level
risk of bias, especially blinding, which is a major
consideration in patient reported and performance
based outcomes, as well as imprecision. Heterogeneity
within pooled components (eg, different types of
exercise programmes were all pooled as exercise
interventions) may also account for some of the
estimated imprecision. Future syntheses could
consider more granular exploration of subcomponents
and combinations within subcomponents. Some
heterogeneity could also be due to different timing
of outcome ascertainment within prespecified follow
up periods. The duration that an intervention must
be implemented before surgery to be considered
prehabilitation has no consensus. Our specification
of seven days was thought to allow differentiation
from related interventions such as enhanced recovery
programmes and aligned with published knowledge
synthesis. How inclusion of interventions spanning
a different time frame (eg, under the assumption that
more than seven days may be required to achieve
efficacy) would impact pooled results in unknown.
Sparse data related to psychological and cognitive
prehabilitation, as well as limited representation of
these components across surgery types, may have
limited our ability to provide robust estimates of their
efficacy.

Conclusions

In a systematic review with network and component
network meta-analyses at the treatment level, we
found evidence for prehabilitation efficacy with
moderate effect sizes in reducing complications rates,
and potentially clinically meaningful improvements in
length of stay, health related quality of life, and physical
recovery for adults preparing for major surgery. The
strongest evidence supports isolated exercise and
nutritional prehabilitation, as well as multicomponent
interventions including exercise. Overall certainty
in this evidence, however, was low to very low and
reflects an urgent need for multicentre trials that are
low risk of bias and appropriately powered to detect
realistic and meaningful effect sizes in representative
surgical populations.
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