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A B S T R A C T

Introduction: Current evidence synthesis of prehabilitation studies in colorectal surgery is based on results of
randomized controlled trials (RCT). Although RCTs are the gold standard for effectiveness research, observa-
tional studies probably better reflect real-life practice. The aims of the current study were to compare obser-
vational studies to RCTs regarding the association between prehabilitation and postoperative outcomes, and
characteristics of included patients and interventions.
Methods: A systematic search was conducted in PubMed, Embase, and CINAHL (until September 2023). Obser-
vational studies and RCTs investigating prehabilitation before colorectal surgery and reporting postoperative
complications and/or length of stay (LoS) were included. Two reviewers independently assessed the risk of bias
using the Cochrane Risk of Bias 2 tool for RCTs and the Cochrane ROBINS-I tool for observational studies. Meta
(regression)-analyses were performed for postoperative complications and LoS.
Results: Pooled results showed a statistically significant reduction in postoperative complications (OR 0.54; 95 %
confidence interval (CI) 0.40 to 0.72) and LoS (mean difference (MD) − 1.34 CI -2.57 to − 0.12) after pre-
habilitation in observational studies but not in RCTs (complications OR 0.95; CI 0.53 to 1.72; LoS MD 0.16 CI
-0.52 to 0.83). Patients included in observational studies were older and more often had an ASA score ≥3. In a
meta-regression analysis, these characteristics were not statistically significantly associated with the main
outcomes.
Conclusion: Observational studies in a real-life setting showed that prehabilitation can reduce postoperative
complications and LoS. To further explore the real-life effectiveness of prehabilitation, specific observational
study designs, like a target emulation trial could be used.

1. Introduction

Implementation of routine preventive interventions are of major

importance to allow for sustainable healthcare that is affordable and
accessible for everyone [1]. Prehabilitation is such a preventive inter-
vention that aims to prepare patients for surgery by increasing their
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resilience preoperatively in order to improve postoperative outcomes
and enhance recovery [2]. As such, prehabilitation is an intervention
that might reduce healthcare costs [3,4] and improve a patient’s well-
being [5].

Within the domain of colorectal surgery, several systematic reviews
and meta-analyses have been published [6] of which some show that
prehabilitation can effectively improve preoperative cardiorespiratory
fitness [7–9] and might reduce postoperative complications and length
of hospital stay (LoS) [8,9]. However, the conclusions of these system-
atic reviews are predominantly based on the findings from randomized
controlled trials (RCTs). Although it is generally accepted that an RCT is
the gold standard study design to assess efficacy of an intervention, there
are also downsides associated with this study design in the setting of
prehabilitation research [10]. Generalizability of RCTs to real-life
practice is often complex due to factors associated with the random-
ized design, such as low willingness to participate and strict inclusion
criteria [10]. Therefore, outcomes of an RCT might not always mimic
real-life practice. Observational cohort studies investigating pre-
habilitation often represent a greater volume of included patients and
probably better reflect real-life practice, but are also more prone to
(unobserved) bias [11].

It is currently unknown if, and how, outcomes of RCTs can be
translated into real-life practice. Therefore, the primary aim of the
current systematic review and meta-analysis was to compare RCTs to
observational studies investigating prehabilitation in patients undergo-
ing colorectal surgery regarding the association between prehabilitation
and postoperative complications and LoS.

The secondary aim was to compare RCTs to observational studies
regarding participation rates, characteristics of included patients and
characteristics of their prehabilitation interventions.

2. Methods

The current study was performed and reported according to “The
PRISMA 2020 statement: An updated guideline for reporting systematic
reviews” [12] and was prospectively registered at the International
prospective register of systematic reviews (PROSPERO) under registra-
tion ID CRD42023459763.

2.1. Systematic search

A systematic literature search was conducted in the databases
PubMed, Embase, and CINAHL from 2005 until September 2023. The
start date of 2005 was chosen as this was the year of the first enhanced
recovery after surgery (ERAS) guidelines in colorectal surgery [13].
Search items included elective curative colon or rectal surgery for
population and prehabilitation as intervention. A full search string for
each database can be found in Supplementary file 1.

2.2. Eligibility criteria

Observational studies and RCTs investigating prehabilitation in adult
patients (age ≥18 years) before colorectal surgery written in English
were included. A minimum of 90 % of the included patients in the
original study should undergo colon or rectal surgery. Prehabilitation
interventions during neoadjuvant chemotherapy or radiotherapy were
excluded. The intervention group (prehabilitation) should at least
receive a structured form of physical exercise training that aimed to
preoperatively improve a patient’s cardiorespiratory fitness. The control
group consisted of patients who either received no intervention (usual
care) or a comparison intervention (e.g., a different preoperative phys-
ical exercise program). In order to be eligible, studies should have
focused on postoperative complications and/or postoperative LoS as
outcome measures. Conference papers, case series, case reports, opinion
studies (non-original research), and systematic reviews were excluded.
Reference lists of systematic reviews and included studies were screened

for additional potentially eligible studies.

2.3. Study selection

Study selection based on title and abstract was performed by two
reviewers (RF andMV) independently using the web application Rayyan
[14]. All studies meeting the eligibility criteria were reviewed by
reading the full text by two independent reviewers (RF and MV). Any
issues with eligibility were resolved by discussion between reviewers
(RF and MV). When no consensus could be reached after discussion by
contacting a third researcher (EJ).

2.4. Data extraction

Study data from the original studies were extracted by the first
author (RF) onto predefined data tables and checked for consistency and
completeness by two reviewers (EJ for RCTs and MV for observational
studies). Extracted data included author, publication year, number of
participants, participation rates, study exclusion criteria, patient char-
acteristics, type of prehabilitation intervention, modules of the pre-
habilitation intervention, supervision (guidance of a physical therapist
who is specialized in supervising adult clinical populations), and main
and additional outcomes. Characteristics of the physical exercise
training intervention were extracted using the training frequency,
training intensity, training time, training type, training volume, and
training progression (FITT-VP) principles.

Risk of Bias assessment Risk of bias assessment of RCTs (EJ and RF)
and observational studies (RF and MV) was done by two reviewers
independently using the Cochrane Risk of Bias 2 (RoB2) tool and the
Cochrane ROBINS-I tool, respectively. Any disagreement between as-
sessors after discussion was resolved by contacting a third reviewer (MV
for RCTs and EJ for observational studies).

2.5. Statistical analyses

Outcome data were presented as reported in the original study. If
median and interquartile range [IQR] or median and range were re-
ported in the original study, these data were converted to mean and
standard deviation (SD) for pooling purposes according to the method
described by Wan et al. [15]. If confidence intervals were reported, the
standard deviation of the mean (SD) was calculated using the Cochrane
RevMan calculator [16]. Continuous outcome data between studies
were pooled per group (intervention and control groups) using the
Cochrane formula for combining groups [17]. Comparison between
groups was done by using an unpaired samples t-test for continuous
variables and Chi-squared test for categorical variables. Meta-analyses
were performed using Review Manager (RevMan Version 5.4, The
Cochrane Collaboration, 2020). A random effects model was applied to
account for heterogeneity in both outcome assessment and measure-
ment of exposure between studies. Continuous variables were expressed
as mean difference (MD) and 95 % confidence interval (CI). Dichoto-
mous variables were expressed as odds ratios (OR) with CI. Subgroups
were made based on study type (observational and RCT) for the out-
comes postoperative complications, severe postoperative complications
(Clavien-Dindo ≥3 or Comprehensive Complication Index (CCI) ≥20),
and postoperative LoS. Additional subgroups were considered based on
heterogeneity between studies. Heterogeneity was identified using I2

statistic and was defined as “might not be important” (0 %–40 %), “may
represent moderate heterogeneity” (30 %–60 %), “may represent sub-
stantial heterogeneity” (50 %–90 %), and “considerable heterogeneity”
(75 %–100 %) [18]. A meta-regression analysis was considered for pa-
tient or intervention characteristics that were significantly different
between observational studies and RCTs in order to investigate a
possible association between these characteristics and the main out-
comes. For all statistical tests, a p-value <0.05 was considered statisti-
cally significant.
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3. Results

A total of eight observational studies [19–26] and eleven RCTs [5,
27–36] including 6214 patients (observational studies n = 5393 and
RCTs n = 821) were included in the current systematic review. Open
surgery had been performed in 30.8% of patients in the observational
studies and 10% of patients in the RCTs. Minimally invasive surgery had
been performed in 69.2% of patients in the observational studies and
90% in the RCTs. See Fig. 1 for a flowchart of inclusion and Table 1 for
the characteristics of the included studies. Of the 19 included studies, 14
studies [5,21–27,29,30,32–34,36] (six observational studies, and eight
RCTs) investigated the effect of prehabilitation compared to usual care
and reported on (general) postoperative complications and/or LoS and
were included in the meta-analyses. Of these six observational studies,
five studies [22–26] were retrospective cohort studies that were initi-
ated as an evaluation of “usual care”, which included a prehabilitation
program. For comparison, a usual care group of patients who underwent

colorectal surgery before the initiation of the prehabilitation interven-
tion (i.e., a historical cohort) was used. One study was a set up as a
prospective pragmatic non-randomized trial [21].

Of the five studies that were not included in the meta-analyses, one
observational study [20] only reported medical and surgical complica-
tions and one observational study [19] only reported on postoperative
ileus. Of the RCTs, two studies compared prehabilitation versus reha-
bilitation [28,31] whereas one study compared two prehabilitation in-
terventions with each other and did not have a usual care group [35].
These three studies were not included in the meta-analysis.

Methodological quality assessment Of the eight observational studies,
four studies [22–25] (50 %) had a low risk of bias, one study [19] (13 %)
had a serious risk of bias, and three studies [20,21,26] (38 %) had a
critical risk of bias. Of the six studies included in the meta-analyses, four
studies [22–25] (67 %) had a low risk of bias and two [21,26] (33 %)
had a critical risk of bias. Of the eleven included RCTs, six studies [5,28,
30–32,36] (55 %) had a low risk of bias and five studies [27,29,33–35]

Fig. 1. Prisma flowchart of study inclusion A.
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Table 1
Characteristics of the included studies.
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(45 %) had some risk of bias. When evaluating the seven studies
included in the meta-analyses, three had a low risk of bias [5,30,36] (43
%) and four [27,29,33,34] (47 %) had some risk of bias. Fig. 2 depicts
the risk of bias assessment in observational studies (A) and RCTs (B).

Postoperative outcomes In observational studies, a lower percentage of
postoperative complications was observed in the prehabilitation group
compared to the usual care group (OR 0.54; 95 % confidence interval
(CI) 0.40 to 0.72; I2 0 %), but not in RCTs (OR 0.95; 95 % CI 0.53 to 1.72;
I2 56 %) (Fig. 3A). There were no differences in the percentage of severe
postoperative complications in either observational studies or RCTs
(Fig. 3B). LoS was shorter in patients undergoing prehabilitation in
observational studies (mean difference (MD) − 1.34; 95 % CI -2.57 to
− 0.12; I2 78%) but not in RCTs (MD 0.16; 95% CI -0.52 to 0.83; I2 57%)
(Fig. 3C).

Characteristics of included patients and intervention characteristics
Respectively 50 % (n = 4) and 18 % (n = 2) of the observational studies
and RCTs explicitly focused on including patients with a high risk for
postoperative complications. Observational studies excluded patients
based on comorbidity (25 %), physical inabilities (50 %), cognitive
impairments (13 %), language (13 %), and tumor-related criteria (25
%). Two observational studies (25 %) did not have any patient-related
exclusion criteria. Patient-related exclusion criteria in RCTs were
based on comorbidity (46 %), physical inabilities (46 %), cognitive
impairments (27 %), language (55 %), and/or tumor-related criteria (i.
e., bowel obstruction) (18 %). One RCT did not report any patient-
related exclusion criteria (Fig. 4).

Patients included in the observational studies were on average of

older age compared to patients in the RCTs (mean age prehabilitation
group 75.3 years versus 69.4 years, respectively; p < 0.001, and mean
age control group 75.1 years versus 69.8 years, respectively; p< 0.001).
In addition, the proportion of patients with an American Society of
Anesthesiologists (ASA) score ≥3 was higher in patients included in the
prehabilitation group of the observational studies compared to patients
included in RCTs (40.8 % vs. 30.4 %; p < 0.002). For the control group,
these figures were 34.6 % in observational studies and 35.1 % in RCTs
(p = 0.800)

For studies included in the meta-analyses [5,21–27,29,30,32–34,
36], mean age was also higher in observational studies compared to
RCTs (mean age prehabilitation group 75.5 years versus 68.9 years; p <

0.001, and mean age usual care group 73.3 years versus 68.5 years; p <

0.001). The proportion of patients with an ASA score ≥3 for observa-
tional studies compared to RCTs was 42.0 % versus 25.2 % (p < 0.001)
in the prehabilitation group and 39.1 % versus 26.5 % (p< 0.001) in the
usual care group. No statistically significant differences between
observational studies and RCTs were found for the variables sex, and
invasiveness of the surgical procedure. When controlling for mean age
and the proportion of ASA score ≥3 in a meta regression analysis, both
variables did not significantly influence the pooled estimates for post-
operative complications (mean age coefficient − 0.42; p = 0.680, and
ASA ≥3 coefficient 0.009; p = 0.260) or LoS (mean age coefficient
− 0.13; p= 0.410, and ASA≥3 coefficient 0.05; p= 0.430). An overview
of patient and surgical characteristics in observational studies an RCTs
can be found in Table 2 and Supplementary file 2, Table 1.

Seven out of eight observational studies (88 %) used a multimodal
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prehabilitation intervention compared to 63 % (seven out of 11) of the
RCTs. See Supplementary file 2, Table 2, for an overview of the included
modules per study. In observational studies, six interventions (75 %)
were supervised, one was partly supervised (13 %) and one (13 %) was
unsupervised, compared to 5 supervised (45 %), four partly supervised
(36 %) and two unsupervised (18 %) interventions in RCTs. Of the
observational studies, five (63 %) were hospital-based, one (13 %) was
home-based, and one (13 %) was community-based. In RCTs, five in-
terventions (45 %) were hospital-based, five (45 %) were home-based
and one (10 %) was community-based. Full reporting of the prescribed
and performed physical exercise intervention according to the training
frequency, intensity, time, type, volume and progression (FIIT-VP)
principles was lacking in seven out of eight observational studies and
nine out of eleven RCTs. See Supplementary file 2, Table 2, for an
overview of the physical exercise intervention characteristics.

4. Discussion

The current systematic review is the first study that systematically
reviewed the results of observational studies and RCTs investigating
prehabilitation in patients who underwent colorectal surgery. In addi-
tion, the current study is the first study that compared observational
studies and RCTs based on the patient characteristics and the pre-
habilitation intervention characteristics. It was assumed that observa-
tional studies would be a good reflection of real-life practice while RCTs
are generally considered to be the gold standard to estimate effective-
ness of interventions. Pooled results of the observational studies showed
that the odds for postoperative complications were ~50 % lower, and
LoS was 1.34 days shorter in the prehabilitation group compared to the
usual care group. Combined results of RCTs did not show a significant
reduction in postoperative complications or LoS. Patients included in
observational studies were on average of older age and more often had
an ASA score ≥3. In a meta-regression analysis, these patient charac-
teristics (age and ASA classification) were not associated with the effect

Fig. 2. Risk of Bias assesment of observational studies (A) and randomized controlled trials (B).

R. Franssen et al. European Journal of Surgical Oncology 50 (2024) 108708 

8 



Fig. 3. The effect of exercise prehabilitation compared to usual care on postoperative complications (A), severe (Clavien-Dindo ≥3) postoperative complications (B)
and length of hospital stay (C).
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of prehabilitation on postoperative complications and LoS.
When evaluating pooled postoperative complications and LoS out-

comes of the included RCTs, results of the current study are in line with
previous research that did not show a statically significant improvement
in postoperative outcomes following prehabilitation [6,8,9]. On the
contrary, when evaluating observational studies alone, a statistically
significant reduction in postoperative complications and LoS following
prehabilitation was observed.

As five [22–26] out of six observational studies that were included in
the meta-analyses used a historical cohort as a reference population, one
could easily argue that differences between observational studies and
RCTs regarding complications and LoS are impacted by other healthcare
innovations that might have been introduced during the study period.
The two most impactful healthcare innovations in recent years that are
expected to decrease the occurrence of postoperative complications and
LoS [37–39] are minimally invasive surgery and enhanced recovery
after surgery (ERAS, introduced in ~2005). Although unobserved bias
can never be ruled out completely, reference populations within the five
studies with a historical cohort [22–26] included in the meta-analysis
were based on data of patients who underwent surgery in the one or
two years directly preceding the start of the prehabilitation programs. In
addition, three [22,24,26] out of five studies with a historical cohort
explicitly reported that all patients were treated according to the ERAS
guidelines and one study [25] was performed using data from 2017
onwards, which is well after the introduction and implementation of
ERAS [40]. In the remaining study [23], it was unclear whether ERAS
had been implemented in both the prehabilitation and the control group.
As sensitive analyses without this one study [23] only marginally altered
the OR for postoperative complications from 0.54 to 0.53. Moreover, no
differences were found between observational studies and RCTs
regarding the proportion of patients receiving minimally invasive sur-
gery (Table 2). Therefore, differences in effectiveness of prehabilitation
on postoperative outcomes between observational studies and RCTs as
observed in the current systematic review and meta-analyses are un-
likely to be fully explained by healthcare innovations that might have
been introduced alongside or directly preceding the prehabilitation in-
terventions. The observation that no reductions in severe postoperative
complications were seen after prehabilitation might be due to a low total
number of events (75 events in observational studies (11.6 %) and 83
events in RCTs (12.3 %); see Fig. 3B).

In the current systematic review, patients included in observational
studies were of older age and had more (severe) systemic comorbidities

(i.e., ASA score ≥3) compared to patients included in RCTs. This could
mean that there is a mismatch between the populations included in RCTs
and those included in prehabilitation in real-life practice (i.e., in
observational studies). However, in meta-regression analysis, the dif-
ferences in age and ASA score between included studies were not asso-
ciated with the ability of prehabilitation to improve postoperative
outcomes. This lack of association seems to be in contrast with previous
research that has shown that adequate patient selection (i.e., focus on
high-risk patients, often of older age with more co-morbidities) might be
important for a prehabilitation program to be effective [41]. However,
we were only able to adjust the analyses for chronological age instead of
functional (physiological) age. Previous research has shown that a pa-
tient’s aerobic fitness (as a marker of physiological age) is a stronger
predictor of postoperative complications than chronological age [42]. In
addition, the lack of association could also infer that patient selection
cannot be seen in isolation of other content-related factors, such as
prescribed and performed physical exercise training load, the amount of
supervision and the adherence to the prehabilitation program, regard-
less of the study design (i.e., RCTs or observational studies).Regarding
intervention characteristics, observational studies seemed to be more
often multimodal (88 % versus 63 %) and fully supervised (75 % versus
45 %) compared to RCTs. High heterogeneity existed in the content of
prehabilitation programs, which was also previously observed by Hijazi
et al. [43]. In addition, reporting of prescribed and performed physical
exercise training was rather incomplete, which precluded a comparison
between interventions of observational studies and RCTs. As with the
elements of ERAS, adherence to all individual items of an intervention
are of a major importance for its combined effectiveness [38]. Studies
included in the current review did not only lack adequate reporting of
the received intervention dose (i.e., adherence); they also failed to
report the prescribed prehabilitation interventions to sufficient detail
(especially in observational studies). Poor reporting of physical exercise
training interventions is not new [44], but does form a major barrier for
the comparison of prehabilitation programs, as well as the imple-
mentation of prehabilitation programs [45].

The current systematic review showed that, in general, RCTs had
more stringent inclusion criteria compared to observational studies. In
addition, it is well known that including patients in randomized studies
is difficult as is evidenced by the often very long period needed to
include a relatively small number of participants [5]. These factors,
along with the fact that observational studies more often focus on
high-risk patients (50% versus 18%), might partially explain the

Fig. 4. Percentage of observational studies (white bars) and RCTs (black bars) reporting patient-related exclusion criteria.
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Table 2
Comparison of patient-related factors between and within observational studies and randomized controlled trials.

Studies included in the meta-analyses

Prehabilitation group Usual care groupa Observational RCT

Observational (n
= 370)

RCT (n
= 361)

Mean
difference (95
% CI)

p-value Observational (n
= 604)

RCT (n
= 359)

Mean
difference (95
% CI)

p-value Prehab vs. UC p-
value

Prehab vs.
UC p-value

Age 75.5 (15.9) 68.9
(7.5)

6.6 (4.8–8.4) <0.001 73.3 (9.7) 68.5
(7.5)

4.8 (3.7–5.9) <0.001 0.11 0.38

Sex
Male 226 (55.5 %) 202

(55.5
%)

1.0 327 (54.1 %) 206
(57.4
%)

0.40 0.94 0.42

Female 144 (45.5 %) 169
(45.5
%)

277 (45.9 %) 153
(42.6
%)

ASA score I-II 181 (58.0 %) 196
(74.8
%)

<0.001 353 (60.9 %) 188
(73.4
%)

<0.001 0.40 0.72

ASA score ≥

III
131 (42.0 %) 66

(25.2
%)

227 (39.1 %) 68
(26.6
%)

Missingb 58 99 ​ ​ 24 103 ​ ​ ​ ​

Surgery
Open 43 (11.6 %) 28 (8.5

%)
0.17 55 (9.1 %) 36

(11.3
%)

0.55 0.20 0.23

Minimal
invasive

327 (88.4 %) 301
(91.5
%)

548 (90.9 %) 283
(88.7
%)

Missingb – 32 ​ ​ 1 40 ​ ​ ​ ​

Smoking
No/former 184 (95.4 %) 263

(78.7
%)

<0.001 242 (93.1 %) 238
(73.7
%)

<0.001 0.32 0.30

Current 9 (4.6 %) 71
(21.3
%)

18 (6.9 %) 85
(26.3
%)

Missingb 177 54 ​ ​ 344 36 ​ ​ ​ ​

All studies

Prehabilitation group Control groupc Observational RCT
Observational (n
= 2408)

RCT (n
= 496)

Mean
difference (95
% CI)

p-value Observational (n
= 2976)

RCT (n
= 464)

Mean
difference (95
% CI)

p-value Prehab vs.
control p-value

Prehab vs.
control p-
vale

Age 75.3 (12.0) 69.4
(8.5)

6.0 (4.9–7.1) <0.001 75.1 (11.6) 69.8
(8.5)

6.3 (5.2–7.4) ​ 0.54 0.72

Sex
Male 1352 (56.1 %) 278

(56.0
%)

0.97 1664 (55.9 %) 256
(55.2
%)

0.76 0.86 0.78

Female 1056 (43.9 %) 218
(44.0
%)

1312 (44.1 %) 208
(44.8
%)

ASA score I-II 258 (59.2 %) 276
(69.5
%)

0.002 517 (65.4 %) 227
(64.8
%)

0.80 0.03 0.17

ASA score ≥

III
178 (40.8 %) 121

(30.5
%)

273 (34.6 %) 123
(35.1
%)

Missingb 1972 99 ​ ​ 2186 114 ​ ​ ​ ​

Surgery
Open 641 (30.8 %) 42

(10.0
%)

<0.001 625 (21.0 %) 50
(12.1
%)

<0.001 0.32

Minimal
invasive

1667(69.2 %) 380
(90.0
%)

2351(79.0 %) 363
(87.9
%)

Missingb 100 74 ​ ​ – 51 ​ ​ ​ ​

Smoking

(continued on next page)
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differences found in populations included in RCTs and observational
studies. Also, as a placebo is lacking in prehabilitation studies, it is very
well imaginable that participants who were not included in the inter-
vention group had become more active, or paid more attention to a
healthy diet, which might have negatively influenced the magnitude of
effect between the intervention and control group and might partially
explain differences seen between observational studies and RCTs in the
current systematic review.

The current study has several limitations. First, we were unable to
achieve all aims since reporting of the intervention characteristics was
poor and incomplete. Therefore, we were unable to compare observa-
tional studies and RCTs regarding the used prehabilitation in-
terventions. Secondly, one of the main outcomes (LoS) was expressed as
mean (SD). However, LoS is probably not normally distributed in most
studies as evidenced by frequent reporting of a median and interquartile
range. For pooling purposes (transformed) mean values were used as it
was assumed that the differences between groups would show a normal
distribution. Third, studies that included patients who underwent neo-
adjuvant chemotherapy or radiotherapy were excluded to ensure ho-
mogeneity. As chemotherapy and radiotherapy are part of real-life
practice caution is warranted by extrapolation of the current results to
this population.

Strengths of the current systematic review are that both observa-
tional studies as well as RCTs were included. In addition, the current
study provides an elaborate evaluation of the current prehabilitation
literature and provides an in-depth evaluation of the characteristics of
patients included and intervention characteristics of prehabilitation
studies.

To effectively evaluate prehabilitation interventions, future research
should more closely reflect real-world practice by considering patient
characteristics, including neoadjuvant treatments, and the types of in-
terventions used. A study design such as a target emulation trial [46]
could be an attractive approach, combining the advantages of observa-
tional studies (e.g., large sample sizes and closer alignment with clinical
practice) with those of randomized controlled trials (e.g., high control
and causal inference between interventions and outcomes). Addition-
ally, more comprehensive reporting of both prescribed and performed
interventions, using tools such as the i-CONTENT scale [47] or
prehabilitation-specific measures [44], or prehabilitation-specific mea-
sures [44], is crucial to enable comparison across interventions and to
facilitate effective implementation. While previous research has shown
that partially supervised prehabilitation is feasible [48], further studies
are necessary to evaluate its (cost-)effectiveness. Lastly, the variability
observed in prehabilitation research may be driven by the fact that it is
still unclear why some patients benefit from prehabilitation while others
do not. Therefore, more fundamental and mechanistic studies are
required, focusing on variables such as different exercise modalities,
patient or tumor characteristics, or metabolic profiles,. in order to guide
the contents of prehabilitation interventions.

5. Conclusions

Pooled results of observational studies in a real-life setting showed
that prehabilitation can lower the odds for postoperative complications
and reduce LoS, whereas no association between prehabilitation and
postoperative outcomes was found in RCTs. Patient characteristics of
patients included in RCTs did not seem to reflect real-life practice as
patients included in observational studies were of older age and had
more (severe) comorbidities compared to patients in RCTs. Specific
observational study designs, like a target emulation trial, that better
reflect real-life practice could be used to evaluate real-life effectiveness
of current and future prehabilitation interventions.
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Table 2 (continued )

All studies

No/former 184 (95.4 %) 346
(80.3
%)

<0.001 242 (93.1 %) 288
(76.2
%)

<0.001 0.32 0.16

Current 9 (4.6 %) 85
(19.7
%)

18 (6.9 %) 90
(23.8
%)

Missingb 2031 65 ​ ​ 2716 84 ​ ​ ​ ​

Numbers are reported as mean and standard deviation (SD) or numbers and percentage (%) unless stated otherwise. Bold numbers represent statistically significance at
level p < 0.05. Abbreviations: CI = confidence interval, ASA = American Society of Anesthesiologists, UC = usual care.
a only includes studies that used a usual care group (no intervention) as reference population.
b missing was not included in statistical analyses.
c also includes studies that used patients receiving (postoperative) rehabilitation as a reference population.
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