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Abstract
Purpose Functional capacity is an independent indicator of morbidity in colon and rectal cancer surgery. This systematic 
review describes the evaluated and synthesized effects of exercise prehabilitation depending on the duration of interventions 
on functional and postoperative outcomes in colon and rectal cancer surgery.
Methods Three electronic databases (MEDLINE Pubmed, Web of Sciences, and Cochrane Registry) were systematically 
searched (January 2022) for controlled trials that investigated the effects of prehabilitation prior to colo-rectal cancer 
resection.
Results Twenty-three studies were included in this systematic review and 14 in our meta-analyses assessing these outcomes: 
the 6 min walk distance (6MWD), postoperative overall complications, and length of stay (LOS). We observed a significant 
improvement in preoperative functional capacity as measured with 6MWD (mean difference: 30.8 m; 95% CI 13.3, 48.3; 
p = 0.0005) due to prehabilitation. No reductions in LOS (mean difference: – 0.27 days; 95% CI – 0.93, 0.40; p = 0.5) or 
postoperative overall complications (Odds ratio: 0.84; 95% CI 0.53, 1.31; p = 0.44) were observed. Prehabilitation lasting 
more than 3 weeks tended to lower overall complications (Odds ratio: 0.66; 95% CI 0.4, 1.1; p = 0.11). However, the preha-
bilitation time periods differed between colon and rectal carcinoma resections.
Conclusion Prehabilitation while the patient is preparing to undergo surgery for colorectal carcinoma improves functional 
capacity; and might reduce postoperative overall complications, but does not shorten the LOS. The studies we reviewed 
differ in target variables, design, and the intervention’s time period. Multicenter studies with sufficient statistical power and 
differentiating between colon and rectal carcinoma are needed to develop implementation strategies in the health care system.
Registration PROSPERO CRD42022310532

Keyword Colorectal carcinoma (CRC) · Preoperative physical exercise · 6-min walk distance (6MWD) · Postoperative 
outcome · Morbidity and mortality · Length of stay (LOS)

Objectives

Colorectal carcinoma (CRC) is one of the most common 
cancers in Europe and North America (Araghi et al. 2019; 
Siegel et al. 2020). The only curative approach to treat 
locally advanced carcinoma is surgical-oncologic resection. 
However, postoperative complications occur in up to 25% 
of patients and are associated with higher morbidity and 
mortality, longer hospital stays, and reduced quality of life 
(Baum et al. 2019).

Preoperative functional capacity is considered an inde-
pendent factor in peri- and postoperative complication 
and morbidity rates (Loewen et al. 2007; Moran et al. 
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2016b). In addition to the effects of exercise and training 
in primary and tertiary prevention, physical activity is 
also practiced more often as prehabilitation before sur-
gery. Prehabilitation includes physical and psychologi-
cal diagnostics and interventions to improve a patient's 
current and future health status prior to surgery (Silver 
and Baima 2013). The main influencing factor on the 
success of medical exercise prehabilitation is the limited 
time available before surgery. Nevertheless, the latest 
Enhanced Recovery After Surgery (ERAS) guidelines 
include prehabilitation as a preoperative strategy. How-
ever, the levels of evidence are generally low to moderate, 
as are the levels of recommendation (Carmichael et al. 
2017; Gustafsson et al. 2019).

The results regarding the functional and postoperative 
outcomes of prehabilitation in patients undergoing major 
abdominal cancer surgery are heterogeneous (Daniels 
et al. 2020; Heger et al. 2020; Hughes et al. 2019; Lam-
bert et al. 2020; Lau and Chamberlain 2020; Waterland 
et al. 2021). Their comparability is also limited since 
the preoperative interventions differ in terms of training 
(methods, intensity, duration, supervision), indications 
and surgery techniques, presented outcome measures 
(functional capacity: 6MWT,  VO2max; postoperative out-
come: complications scores), and quality of study design.

However, there seem to be moderate effects from 
increasing functional capacity via exercise prehabili-
tation on improving postoperative outcomes. Several 
randomized controlled studies have recently been pub-
lished (Barberan-Garcia et al. 2018; Berkel et al. 2022; 
Bousquet-Dion et al. 2018; Carli et al. 2020; Fulop et al. 
2021; Janssen et al. 2019; Karlsson et al. 2019; Moug 
et al. 2019; Northgraves et al. 2020; Waller et al. 2022). 
So far, there is no available meta-analysis investigating 
the influence of the duration of prehabilitation. This sys-
tematic review evaluates the evidence of exercise-based 
prehabilitation’s effects in association with its duration 
and focusing on patients receiving colorectal cancer sur-
gery. In addition, the aim of this review was to critically 
analyze the practical realization of care and to develop 
clinical standards for its realization.

Methods

Search strategy

This review was conducted in accordance with the Cochrane 
systematic review guidelines and Preferred Reporting Items 
for Systematic reviews and Meta-Analysis checklist (Moher 
et al. 2009) and registered with the International Prospec-
tive Register of Systematic Reviews (PROSPERO 2022 
CRD42022310532). A systematic search of the literature 
was conducted by four of the authors (RF, CB, JL, IG) in 
line with the preferred reporting items for systematic reviews 
guidelines (PRISMA) within the following databases: 
MEDLINE PubMed, Cochrane Library and Web of Sci-
ences. Applying our search criteria, we identified RCTs and 
pseudo-randomized controlled trials addressing prehabilita-
tion (including exercise for adults preparing for colorectal 
cancer surgery between 2009 and 2020) that met our inclu-
sion criteria for meta-analysis (Table 1). Controlled parallel 
group studies were also screened for this systematic review.

We screened Pubmed (all fields), the Cochrane Library 
(all fields) and Web of Sciences (all fields) relying on the 
combinations of search keywords “preoperative exercise 
abdominal surgery” OR “preoperative exercise colorectal 
surgery” OR “preoperative exercise colon surgery” OR “pre-
operative exercise rectal surgery” OR “prehabilitation rectal 
surgery” OR “prehabilitation colon surgery” OR “prehabil-
itation abdominal surgery” OR “prehabilitation colorectal 
surgery”. Our search results were supplemented by a manual 
search of relevant reviews and their references to ensure that 
all eligible studies had been included (Fig. 1).

Study selection

Three authors (RF, CB and JL) examined the citations 
independently and applied pre-agreed selection criteria 
to identify all potentially eligible studies. Disagreements 
were resolved through consensus. Papers were considered 
for inclusion if they were published in English, reported 
on a prehabilitation or preoperative exercise intervention, 
and if they reported functional outcomes (6MWD) and/or 

Table 1  Inclusion criteria for 
meta-analysis and systematic 
review

Category Description

Design RCTs and pseudo-RCTs for meta-analysis, as well as prospective controlled paral-
lel group studies for systematic review

Participants Adults aged ≥ 18 years with scheduled colorectal carcinoma resection
Comparison A patient group not exposed to a preoperative exercise intervention (standard care)
Outcome Studies that include a measure of functional capacity (6MWD) and/or measure of 

postoperative outcome (all complications, LOS)
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postoperative outcomes (complications, LOS). Our inclu-
sion criteria are summarized in Table 1.

Data extraction

Study inclusion was initially decided by RF and discussed 
with senior authors MB and IG. Selected studies were 
compared in Tables 2 and 3, which include details on 
sample size, location of cancer surgery (colorectal, colon 
or rectum), type of prehabilitation intervention, applied 
exercise intervention (training frequency, session time, 
intensity), patients’ age, duration of intervention, and 
main outcomes. Our results are presented using a narra-
tive analysis, primarily grouped according to cancer loca-
tion, and subsequently by the outcome assessed.

Quality assessment

Each study’s methodological quality was assessed with the 
Cochrane risk of bias tool (Higgins et al. 2011). Two authors 
(RF and CB) independently assessed the methodological 
quality of the selected trials. This tool evaluates the follow-
ing criteria: method of randomization; allocation conceal-
ment; baseline comparability of study groups; and blinding 
and completeness of follow-up. Trials were graded as having 
low (green circle), high (red circle), or unclear (yellow circle) 
risk of bias. Publication bias was evaluated visually with a 
funnel plot.

Fig. 1  PRISMA flow chart of 
included and excluded studies 
within this systematic review 
and meta-analysis (Page et al. 
2021)
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Data synthesis and statistical analysis

Data were extracted from the included studies, pooled, 
and analyzed using random effects models after consider-
ing their heterogeneity. For continuous variables, data for 
meta-analysis were obtained directly from the study results 
or on request from articles’ authors or calculated from the 
mean, variance 95% confidence intervals or median and 
Interquartile range (Higgins et al. 2021; Luo et al. 2018; Shi 
et al. 2020; Wan et al. 2014). Where the mean and SD of the 
change from baseline were not presented in the papers, the 
following equations were used to calculate them:

SDchange =

√

(SDbaseline)
2 + (SDendpoint)

2 + 2 × r × SDbaseline × SDendpoint
 (Higgins 

et al. 2021).
For dichotomous variables, individual and pooled statis-

tics were calculated as odds ratios with 95% CI. RevMan 
calculator available from Cochrane training were used for 
pre- and post-interventions assessments (https:// train ing. 
cochr ane. org/ resou rce/ revma nn- calcu lator).

A random effects model was used as the trials were clini-
cally heterogeneous and evaluated using the I2 statistic. We 
classified the results as follows: below 25%, low heterogene-
ity; between 25 and 75%, possibly moderate heterogeneity; 
over 75%, considerable heterogeneity.

For all statistical analyses, p < 0.05 was considered sta-
tistically significant. Subgroups were defined due to the 
duration of prehabilitation and analyzed for 6MWD, overall 
complications and LOS.

Results

In total, we identified 1,341 papers initially during the pri-
mary search, of which 428 were duplicates (Fig. 1). Our 
search was conducted in December 2021. 913 publications 
were screened for relevance to our review and meta-analysis. 
Thirty-six articles were identified for full text review; thir-
teen were excluded (two single arm studies, six re-analyses, 
four no colorectal surgery, one no functional training) leav-
ing 23 studies for inclusion in systematic review (16 rand-
omized controlled trials and seven cohort studies). Four-
teen studies matched our inclusion criteria for meta-analysis 
(Barberan-Garcia et al. 2018; Berkel et al. 2022; Bousquet-
Dion et al. 2018; Carli et al. 2020; Dronkers et al. 2010; 
Fulop et al. 2021; Gillis et al. 2014; Karlsson et al. 2019; 
Kim et al. 2009; López-Rodríguez-Arias et al. 2021; Moug 
et al. 2019; Northgraves et al. 2020; Onerup et al. 2021; 
Waller et al. 2022) following the exclusion of others (Carli 
et al. 2010; Chia et al. 2016; Janssen et al. 2019; Li et al. 
2013a; Loughney et al. 2017; Minnella et al. 2020; Mora 

Meanchance= Meanendpoint−Meanbaseline

López et al. 2020; van Rooijen et al. 2019; West et al. 2015) 
(7 cohort studies, 2 no standard care control group). In these 
14 studies, 1,648 patients were involved in an intervention or 
control group (including dropouts). Postoperative complica-
tions were the most commonly reported clinical outcomes, 
and the 6-min walk test (6MWT) was the main functional 
assessment used. Table 2 summarizes the characteristics and 
main outcomes of studies included in our qualitative synthe-
sis (studies included in the meta-analysis are marked).

Study characteristics for meta‑analysis 
and outcome measures

Thirteen of the trials evaluated prehabilitation in patients 
preparing to undergo colorectal resection (Barberan-Garcia 
et al. 2018; Berkel et al. 2022; Bousquet-Dion et al. 2018; 
Carli et al. 2020; Dronkers et al. 2010; Fulop et al. 2021; 
Gillis et al. 2014; Karlsson et al. 2019; Kim et al. 2009; 
López-Rodríguez-Arias et al. 2021; Northgraves et al. 2020; 
Onerup et al. 2021; Waller et al. 2022) and one trial in 
patients undergoing rectal surgery only (Moug et al. 2019). 
These studies evaluated a total number of 1,461 patients 
(without dropouts), of whom 719 participated in a preopera-
tive exercise intervention. Although the training protocols 
differed widely, endurance training was always included. The 
remaining 742 patients not undergoing prehabilitation train-
ing served as controls. The control group received standard 
care in 12 trials (Barberan-Garcia et al. 2018; Berkel et al. 
2022; Carli et al. 2020; Fulop et al. 2021; Gillis et al. 2014; 
Karlsson et al. 2019; Kim et al. 2009; López-Rodríguez-
Arias et al. 2021; Moug et al. 2019; Northgraves et al. 2020; 
Onerup et al. 2021; Waller et al. 2022). Two studies provided 
the control group patients n home-based or general exercise 
advice (Bousquet-Dion et al. 2018; Dronkers et al. 2010).

Primary outcomes varied across studies, focusing on the 
improvement of functional capacity measured in most stud-
ies via the 6MWT (Barberan-Garcia et al. 2018; Bousquet-
Dion et al. 2018; Carli et al. 2020; Fulop et al. 2021; Gillis 
et al. 2014; Karlsson et al. 2019; Kim et al. 2009; Moug et al. 
2019; Northgraves et al. 2020; Onerup et al. 2021; Waller 
et al. 2022) and in three studies via oxygen uptake during 
incremental exercise testing (Berkel et al. 2022; Dronkers 
et al. 2010; Kim et al. 2009). The primary postoperative 
outcomes were assessed according to numbers of postop-
erative complications or by Comprehensive Complications 
Index (CCI) (Berkel et al. 2022; Carli et al. 2020; Onerup 
et al. 2021). The severity of complications were determined 
by relying on the Clavien–Dindo rating in the majority of 
studies (Barberan-Garcia et al. 2018; Berkel et al. 2022; 
Carli et al. 2020; Fulop et al. 2021; Gillis et al. 2014; Karls-
son et al. 2019; López-Rodríguez-Arias et al. 2021; Onerup 
et al. 2021), whereby only four studies reported complete 

https://training.cochrane.org/resource/revmann-calculator
https://training.cochrane.org/resource/revmann-calculator
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results (Carli et al. 2020; Fulop et al. 2021; Gillis et al. 
2014; Onerup et al. 2021). Only five studies reported com-
prehensively the types of complications (Barberan-Garcia 
et al. 2018; Berkel et al. 2022; Carli et al. 2020; Gillis et al. 
2014; Onerup et al. 2021). The surgical procedure used has 
been reported in ten studies (Barberan-Garcia et al. 2018; 
Berkel et al. 2022; Bousquet-Dion et al. 2018; Carli et al. 
2020; Fulop et al. 2021; Gillis et al. 2014; Karlsson et al. 
2019; Moug et al. 2019; Northgraves et al. 2020; Onerup 
et al. 2021). No study used only open or laparoscopic pro-
cedures. In the majority of studies, the proportion of lapa-
roscopic procedures was over 50% (Barberan-Garcia et al. 
2018; Berkel et al. 2022; Bousquet-Dion et al. 2018; Carli 
et al. 2020; Fulop et al. 2021; Gillis et al. 2014; Karlsson 
et al. 2019; Onerup et al. 2021) and ranged from 17 to 97%. 
Only two studies reported a proportion of open surgeries 
above 50% (Moug et al. 2019; Northgraves et al. 2020). In 
ten publications, information on neoadjuvant therapy was 
described or neoadjuvant therapy was given as an exclusion 
criterion (Berkel et al. 2022; Bousquet-Dion et al. 2018; 
Carli et al. 2020; Gillis et al. 2014; Karlsson et al. 2019; 
Kim et al. 2009; López-Rodríguez-Arias et al. 2021; Moug 
et al. 2019; Northgraves et al. 2020; Onerup et al. 2021). 338 
included patients (intervention group: 165; control group 
173) received neoadjuvant therapy. Detailed information 
on comorbidities (e.g. diabetes mellitus, cardiovascular dis-
eases, pulmonary diseases and smoking) could be found in 
nine publications (Berkel et al. 2022; Bousquet-Dion et al. 
2018; Carli et al. 2020; Dronkers et al. 2010; Fulop et al. 
2021; Gillis et al. 2014; López-Rodríguez-Arias et al. 2021; 
Moug et al. 2019; Onerup et al. 2021). No study described 
a possible influence of comorbidity on outcome parameters.

Exercise interventions

Exercise interventions were described according to their 
intensity, frequency, and type of exercise in varying detail. 
Ten studies described the exercise intervention compre-
hensively (Barberan-Garcia et al. 2018; Berkel et al. 2022; 
Bousquet-Dion et al. 2018; Dronkers et al. 2010; Gillis et al. 
2014; Karlsson et al. 2019; Kim et al. 2009; Northgraves 
et al. 2020; Onerup et al. 2021; Waller et al. 2022). The 
majority of studies included multimodal exercise interven-
tions including aerobic, resistance (Berkel et al. 2022; Carli 
et al. 2020; Fulop et al. 2021; Gillis et al. 2014; Li et al. 
2013a; López-Rodríguez-Arias et al. 2021; Waller et al. 
2022) and inspiratory muscle training (Dronkers et al. 2010; 
Karlsson et al. 2019). An ergometer or stepper was used as 
load exercise equipment in some studies (Barberan-Garcia 
et al. 2018; Berkel et al. 2022; Bousquet-Dion et al. 2018; 
Carli et al. 2020). Table 3 summarizes the exercise interven-
tions in all studies. The intensity of exercise was determined 

and adapted in the intervention period by applying perceived 
exertion (RPE), percentage of maximum heart rate, daily 
steps count or percent of maximum work rate. One of the 
studies failed to provide sufficient data on intervention moni-
toring (López-Rodríguez-Arias et al. 2021).

Control groups

Patients undergoing prehabilitation were compared to con-
trol groups that nearly all entailed standard care involv-
ing no preoperative exercise. The control group was given 
exercise advice only in the studies by Bousquet-Dion et al. 
2018, Carli et al. 2010 and Dronkers et al. 2010. Three tri-
als applied the same exercise interventions in the control 
group during the postoperative rather than the preoperative 
period (waiting control-group design) (Bousquet-Dion et al. 
2018; Carli et al. 2020; Gillis et al. 2014). In six studies, 
only recommendations were made to control-group patients, 
i.e., advice on smoking cessation, on psychological or physi-
cal activity, or ERAS-guidelines were followed (Barberan-
Garcia et al. 2018; Carli et al. 2020; Dronkers et al. 2010; 
Fulop et al. 2021; Kim et al. 2009; Northgraves et al. 2020).

Main outcome parameter

Ten studies measured functional capacity (Fig. 2) via the 
6MWD (Barberan-Garcia et al. 2018; Bousquet-Dion et al. 
2018; Carli et al. 2020; Fulop et al. 2021; Gillis et al. 2014; 
Karlsson et al. 2019; Kim et al. 2009; Moug et al. 2019; 
Northgraves et al. 2020; Waller et al. 2022), but not all 
reported data in comparable indices that would have justified 
inclusion in our meta-analysis (Barberan-Garcia et al. 2018; 
Fulop et al. 2021; Karlsson et al. 2019; Moug et al. 2019; 
Waller et al. 2022). We, therefore, had to calculate mean dif-
ferences and standard deviations from median, confidence 
intervals or interquartile ranges regarding certain 6MWD 
results (Higgins et al. 2021; Luo et al. 2018; Shi et al. 2020; 
Wan et al. 2014). Our analysis of change in walking distance 
after prehabilitation demonstrated a significant improvement 
in functional capacity at a moderate evidence level (MD 
31 m; 95% CI 13.3, 48.3; p = 0.0005; I2 = 68%; Fig. 2). Our 
subgroup analysis showed no differences. Two of the studies 
we could not include in meta-analysis (no randomized paral-
lel group trials) reported a significant increase in the walk-
ing distance or oxygen consumption (Li et al. 2013a; West 
et al. 2015), while the remaining study reported no improve-
ment in exercise capacity through the preoperative exercise 
intervention (Minnella et al. 2020). Some studies reported 
a change in physical activity or daily steps before and after 
prehabilitation (Barberan-Garcia et al. 2018; Loughney et al. 
2016; Moug et al. 2019).
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Overall postoperative complications (Fig.  3) were 
reported in 11 studies (Barberan-Garcia et al. 2018; Berkel 
et al. 2022; Bousquet-Dion et al. 2018; Carli et al. 2020; 
Dronkers et al. 2010; Fulop et al. 2021; Gillis et al. 2014; 
Karlsson et al. 2019; López-Rodríguez-Arias et al. 2021; 

Moug et al. 2019; Onerup et al. 2021). Meta-analysis deliv-
ered no significant results (OR 0.84; 95% CI 0.53–1.31; 
p = 0.44; I2 = 62%; Fig.  3). However, we noted a trend 
towards a non-significant reduction in the prehabilitation 
subgroup in conjunction with a duration > 3 weeks (OR 

Fig. 2  Meta-analysis of change in 6MWT distance with and without prehabilitation

Fig. 3  Meta-analysis of postoperative complications with and without prehabilitation
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0.66; 95% CI 0.4–1.1; p = 0.11; I2 = 52%; Fig. 3). Trials 
involving prehabilitation lasting less than 3 weeks showed 
no effect on postoperative complications (OR 1.44; 95% CI 
0.78–2.67; p = 0.261; I2 = 25%; Fig. 2). The test of differ-
ences in postoperative complications between subgroups of 
more or less than 3 weeks’ duration of prehabilitation was 
significant (p = 0.05;  I2 = 72.9%; Fig. 3).

12 Studies reporting on length of hospital stay (LOS) 
(Fig. 4) could be included in our meta-analysis (Barberan-
Garcia et al. 2018; Berkel et al. 2022; Bousquet-Dion et al. 
2018; Carli et al. 2020; Dronkers et al. 2010; Fulop et al. 
2021; Gillis et al. 2014; Karlsson et al. 2019; López-Rod-
ríguez-Arias et al. 2021; Moug et al. 2019; Northgraves 
et al. 2020; Onerup et al. 2021), which demonstrated no 
evidence showing that prehabilitation reduces this parameter 
(MD – 0.26 days; 95% CI – 0.89, 0.37; p = 0.42; I2 = 31%; 
Fig. 4). There were no differences in and between subgroups 
(Fig. 4).

Eighteen studies (meta-analysis and systematic review) 
reported on dropouts (Table 2) in their intervention and 
control group during the intervention period (Barberan-
Garcia et al. 2018; Berkel et al. 2022; Bousquet-Dion et al. 
2018; Carli et al. 2010, 2020; Dronkers et al. 2010; Fulop 
et al. 2021; Gillis et al. 2014; Karlsson et al. 2019; Kim 
et al. 2009; Li et al. 2013a; López-Rodríguez-Arias et al. 
2021; Loughney et al. 2016; Moug et al. 2019; North-
graves et al. 2020; Onerup et al. 2021; Waller et al. 2022; 
West et al. 2015). The prehabilitation was abandoned by 
14% of intervention-group patients for various reasons. 
The adherence to exercise interventions (Table 3) varied 

from 68 to 98% in the included trials (Berkel et al. 2022; 
Bousquet-Dion et al. 2018; Carli et al. 2020; Dronkers 
et al. 2010; Gillis et al. 2014; Karlsson et al. 2019; Kim 
et al. 2009; Northgraves et al. 2020; Waller et al. 2022). 
Adverse or serious adverse events (Table 3) were rare dur-
ing the trials (Barberan-Garcia et al. 2018; Berkel et al. 
2022; Carli et al. 2020; Karlsson et al. 2019; Kim et al. 
2009; Moug et al. 2019; Onerup et al. 2021; Waller et al. 
2022). Only five events, such as pain, dizziness or malaise 
were described (Karlsson et al. 2019; Kim et al. 2009; 
Onerup et al. 2021), and no major side-effects occurred.

The duration (Table 3) of prehabilitation varied between 
2 and 14 weeks. The majority of included studies did not 
differentiate between colon and rectal carcinomas in pre-
habilitation terms (Barberan-Garcia et al. 2018; Bous-
quet-Dion et al. 2018; Carli et al. 2020; Dronkers et al. 
2010; Fulop et al. 2021; Gillis et al. 2014; Karlsson et al. 
2019; Kim et al. 2009; López-Rodríguez-Arias et al. 2021; 
Northgraves et al. 2020; Waller et al. 2022). In these trials, 
the mean prehabilitation lasted 4 weeks. The prehabilita-
tion period was significantly longer (11.7 weeks) only in 
patients preparing for rectal cancer surgery (Berkel et al. 
2022; Brunet et al. 2021; Heldens et al. 2016; Loughney 
et al. 2016; Moug et al. 2019; Singh et al. 2018; West et al. 
2015). This was associated with respective neoadjuvant 
radiochemotherapy.

Fig. 4  Meta-analysis of length of hospital (LOS) stay with and without prehabilitation
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Risk of bias and quality of evidence

Five studies were assessed as having a low risk of bias 
(Berkel et al. 2022; Carli et al. 2020; Fulop et al. 2021; 
Gillis et al. 2014; Onerup et al. 2021). None showed a high 
risk of bias, and in nine trials we had concerns about the 
risk of bias due to insufficient recruitment (in relation to 
sample size calculation) or too few details on methodology 
(randomization, concealment of randomization, blinding), 
high dropout rates, and inappropriate measures (Barberan-
Garcia et al. 2018; Bousquet-Dion et al. 2018; Dronkers 
et al. 2010; Karlsson et al. 2019; Kim et al. 2009; López-
Rodríguez-Arias et al. 2021; Moug et al. 2019; North-
graves et al. 2020; Waller et al. 2022) (Fig. 5). Figure 6 
shows the funnel plots for the analyzed trials.

Discussion

Our review and meta-analysis include randomized controlled 
intervention trials and cohort studies, which involved exer-
cise-based prehabilitation in patients preparing for colorec-
tal surgical resection. In contrast to previous meta-analyses 
(Daniels et al. 2020; Hughes et al. 2019; Waterland et al. 
2021), our main focus shifted to colon and rectal resection 
rather than abdominal surgery (Berkel et al. 2022; Carli et al. 
2020; Fulop et al. 2021; López-Rodríguez-Arias et al. 2021; 
Northgraves et al. 2020; Onerup et al. 2021; Waller et al. 
2022, 2022); second, the duration of preoperative exercise 
intervention; and third, new studies published since the 
last meta-analysis were included (Berkel et al. 2022; Fulop 
et al. 2021; López-Rodríguez-Arias et al. 2021; Onerup et al. 
2021; Waller et al. 2022).

Fig. 5  Cochrane risk of bias assessment of randomized controlled trials included in meta-analysis

Fig. 6  Funnel plots of the meta-analysis: A Postoperative overall complications; B LOS; C 6MWT distance after prehabilitation
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Together with the latest literature, our review provides 
clear evidence for an increase in functional capacity through 
prehabilitation as measured by 6MWT (Lau and Chamber-
lain 2020; Waterland et al. 2021). Postoperative outcomes 
revealed indifferent results showing seemingly declining 
overall complications in association with prehabilitation 
periods lasting more than 3 weeks, but no reduction in length 
of hospital stay. Despite these findings, the interest in preha-
bilitaton prior to colorectal surgery has been growing, but 
not clinically adopted to improve peri- and postoperative 
outcomes following colorectal cancer surgery. We also found 
that as preoperative periods for colon and rectal cancers 
vary in their duration between diagnosis and surgery due to 
the neoadjuvant radiochemotherapy prior rectal carcinoma 
resection, exercise-based interventions should be planned 
differently (4 vs. 12 weeks; Table 3). Only few studies differ-
entiated between colon and rectal carcinoma surgery (Berkel 
et al. 2022; Moug et al. 2019).

Numerous peri- and postoperative procedures, known as 
Enhanced Recovery After Surgery (ERAS) programs, have 
demonstrated significant benefits, reducing LOS, total com-
plications, and hospital costs across many different surgical 
procedures (Lau and Chamberlain 2017). Because of brief 
time intervals before surgery, these programs seldom include 
preoperative exercise interventions (Bruns et al. 2016). This 
data synthesis demonstrated, as had previous meta-analyses 
(Hughes et al. 2019; Lambert et al. 2020; Lau and Chamber-
lain 2020; Waterland et al. 2021), an increase in functional 
capacity after colorectal surgery. Our review and analy-
sis findings have limited applicability for several reasons, 
namely small samples in some of the included trials, the 
varied durations of some exercise interventions, variations 
in exercise intensity and in exercise methods, and the wide 
range of reported outcomes (differences in measurements 
and statistical parameters). The adherence to an exercise 
intervention ranged from 68 to 98% in the included studies 
(Bousquet-Dion et al. 2018; Carli et al. 2020).

Functional capacity

There is evidence that patients with low physical capacity 
have higher peri- and postoperative morbidity and mortality 
(Heldens et al. 2017; Snowden et al. 2013) and develop more 
postoperative cardiopulmonary complications (Lee et al. 
2013). As a "controlled trauma", surgery induces a strong 
stress response and reduces functional capacity that can vary 
largely between individuals (Prete et al. 2018). Therefore, 
the goals of preoperative conditioning via physical exercise 
are to increase physical functional capacity to maintain or 
enhance quality of life, regenerative capacity, and to improve 
postoperative outcomes.

Our meta-analysis demonstrates a statistically significant 
increase of 31 6MWD meters (95% CI: 13–45 m; Fig. 2) 
regardless of prehabilitation’s duration after uni- and mul-
timodal prehabilitation via an exercise intervention. This 
amounts to a relative change of approximately of 15%, 
and is in accordance with previous meta-analyses involv-
ing abdominal surgery (Daniels et al. 2020; Waterland et al. 
2021).

A patient’s preoperative 6MWD is associated with the 
incidence of postoperative complications (Hayashi et al. 
2017) and a valid, reliable parameter with which to deter-
mine exercise capacity in cancer patients (Moriello et al. 
2008; Schmidt et al. 2013). An absolute change of 22–42 m 
in 6MWD is clinically relevant in lung cancer patients and 
correlated with a better function, physical activity and dysp-
nea (Granger et al. 2015). There is evidence of a strong posi-
tive correlation between weekly caloric expenditure (Cour-
neya et al. 2016) and cardio-respiratory fitness (Schmid and 
Leitzmann 2015) and mortality prognosis in tumor patients. 
In contrast, Hughes et al. (2019) reported no preoperative 
6MWD enhancement with three included studies. There are 
large differences in the time from CRC diagnosis to surgery 
depending on the tumor location. Patients suffering from 
colon cancer usually undergo tumor resection within few 
days to a maximum of three to four weeks (Berkel et al. 
2022; Bojesen et al. 2022; Li et al. 2013b).  In contrast, 
patients with rectal cancer receive neoadjuvant radiochem-
otherapy, i.e., gaining approximately 3 months from initial 
diagnosis to surgery (Berkel et al. 2022; Brunet et al. 2021; 
Heldens et al. 2016; Loughney et al. 2016; Singh et al. 2018; 
West et al. 2015). This period enables a significant increase 
in functional capacity via physiological adaptations of the 
cardiovascular system and musculature through a planned 
exercise-medical training intervention (Moug et al. 2019; 
West et al. 2015). Accordingly, exercise-medical prehabilita-
tion in preparation for surgery should pursue different goals 
depending on the carcinoma and be structured accordingly.

Training to improve physical performance and cardiopul-
monary capacity must be planned, structured, individually 
dosed, progressive, and done regularly to trigger physiologi-
cal adaptations (Medicine 2013; Tew et al. 2018). Consider-
ing that cardiovascular function is an independent indicator 
of mortality and length of hospital stay, from the condition-
ing point of view, cardiopulmonary function is an especially 
important aspect of physical performance in all prevention 
and therapy periods (Older and Hall 2004; Snowden et al. 
2013). The prehabilitation intervention should thus focus on 
endurance or strength endurance-based training (Barberan-
Garcia et al. 2018; Berkel et al. 2022; Bousquet-Dion et al. 
2018; Carli et al. 2010, 2020; Dronkers et al. 2010; Fulop 
et al. 2021; Gillis et al. 2014; Karlsson et al. 2019; Kim et al. 
2009; López-Rodríguez-Arias et al. 2021; Northgraves et al. 
2020; Waller et al. 2022).
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In conclusion, because of the brief interval before surgery 
lasting just days or weeks, only a small increase in physical 
performance and functional capacity is likely through pre-
habilitation (Bruns et al. 2016; Lau and Chamberlain 2020). 
Overall, however, although the evidence of an increase in 
physical capacity by briefly engaging in preoperative train-
ing is inconclusive, we can assume that the 6MWD increases 
(Daniels et al. 2020; Gillis et al. 2018; Heger et al. 2020; Lau 
and Chamberlain 2020; Waterland et al. 2021). The three 
reasons for the limited enhancement of functional perfor-
mance are the very heterogeneous prehabilitation measures 
of varying duration and differing baseline functional perfor-
mance levels of patients. All these factors make it difficult 
to develop individual and therapeutically beneficial exercise 
programs for these patients. However, severely performance-
impaired patients with CRC seem to benefit from a perfor-
mance-enhancing effect from preoperative training programs 
lasting at least 3 weeks (Minnella et al. 2020).

Postoperative outcomes

There are reports of approximately 2-day reductions in LOS 
specifically for CRC (Gillis et al. 2018) and generally for 
abdominal surgery (Lambert et al. 2020; Waterland et al. 
2021). In contrast, our meta-analysis failed to show any sig-
nificant reduction in postoperative outcomes (overall com-
plications and LOS; Fig. 3 and 4). Overall, we observed no 
change in the incidence of postoperative complications in 
prehabilitated patients, but we did detect an effect depend-
ent on the duration of prehabilitation (Fig. 3). Preoperative 
exercise helping to enhance the physical reconditioning of 
patients undergoing surgery is likely to improve postopera-
tive outcomes. A differentiated analysis of postoperative 
complications according to severity or surgery-related vs. 
non-surgery-related could not be performed due an insuffi-
cient amount of data. For a data analysis of the severity, only 
four studies could have been used (Carli et al. 2020; Fulop 
et al. 2021; Gillis et al. 2014; Onerup et al. 2021). Only five 
studies reported comprehensively the types of complications 
(Barberan-Garcia et al. 2018; Berkel et al. 2022; Carli et al. 
2020; Gillis et al. 2014; Onerup et al. 2021), whereby four 
studies separated into surgical and non-surgical complica-
tions (Barberan-Garcia et al. 2018; Berkel et al. 2022; Carli 
et al. 2020; López-Rodríguez-Arias et al. 2021).

From a physiological point of view, it seems necessary that 
enhanced functional capacity including cardiopulmonary fit-
ness is associated with a more rapid postoperative recovery 
and depends on the intervention’s duration in inducing exer-
cise-based adaptations. The strong relations between preopera-
tive cardiopulmonary fitness and postoperative complications 
are evidence thereof (Heldens et al. 2017; Lee et al. 2013; 
Moran et al. 2016b; Snowden et al. 2013; Steffens et al. 2019). 

So, the main aim of prehabilitation should be to improve the 
patient’s physical performance and initiate regenerative tissue 
processes. The key factor in prehabilitation’s enhancement 
effect is, therefore, the presurgical efficacy of training, that is, 
adequate intensity and an exercise intervention lasting long 
enough. As our organ system’s training-induced adaptations 
occur at varying intervals (Lundby et al. 2017), differences in 
our subgroup analysis depending on prehabilitation’s duration 
are plausible.

In summary, the evidence of an increase in physical capac-
ity via short preoperative training interventions is only moder-
ate (Daniels et al. 2020; Gillis et al. 2018; Heger et al. 2020; 
Lau and Chamberlain 2020; Waterland et al. 2021). Neverthe-
less, adequate duration of prehabilitation could enable the ben-
eficial physiological adaptations in functional capacity such 
as those that rectal carcinoma patients achieve (having up to 
3 months to exercise before their surgical resection). A pro-
longed time period prior to colorectal surgery does not result 
in shortening CRC patients’ overall or cancer-free survival 
after surgical therapy (Curtis et al. 2018; Strous et al. 2019). 
Engaging in exercise prehabilitation before oncologic surgery 
is feasible, but research findings on postoperative complica-
tion rates after abdominal surgery have been inconsistent (Bar-
beran-Garcia et al. 2018; Gillis et al. 2018; Heger et al. 2020; 
Hughes et al. 2019; Lambert et al. 2020; Lau and Chamberlain 
2020; Moran et al. 2016a). Despite this non-significant effect 
of reducing the length of hospital stay, but rather of reducing 
postoperative complications in colorectal surgery, we believe 
that prehabilitation may be effective in patients undergoing 
other types of oncologic visceral surgery (Gillis et al. 2018; 
Lambert et al. 2020; Waterland et al. 2021).

The latest ERAS guidelines recommend prehabilitation as 
a preoperative strategy (Gustafsson et al. 2019). Despite the 
protective, therapeutic, and regenerative efficiency of physical 
training, a systematic implementation strategy is still lacking. 
Although physical training also results in significant improve-
ment in several comorbidities, this effective therapy option is 
currently not used to its full potential. Postoperative complica-
tions are extremely costly in intensive care medicine (Vonlan-
then et al. 2011). The theoretical reduction in postoperative 
complications we suspect, and the shortening of hospital stays 
that a prehabilitation intervention might trigger, could thus 
potentially lower the overall health care and treatment costs for 
colorectal surgery. In terms of feasibility, preoperative training 
interventions are known to be as safe, applicable, and associ-
ated with high adherence (Loughney et al. 2016).

Adherence and Compliance

The studies we reviewed showed strong adherence to train-
ing interventions (Berkel et al. 2022; Bousquet-Dion et al. 
2018; Dronkers et al. 2010; Gillis et al. 2014; Karlsson et al. 
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2019; Kim et al. 2009; Northgraves et al. 2020; Waller et al. 
2022).. Essential factors for strong patient adherence in exer-
cise therapy are continuous supervision, the consideration 
of each patient’s physical condition when planning exercises 
(e.g. overweight, joint problems, shoulder pain after breast 
surgery) and regular communication with the care team. 
Objective performance measurements to assess physical 
resilience should be incorporated in the process. Online-
based and health applications in this area are currently being 
developed and evaluated (Falz et al. 2021). In exercise medi-
cine therapy for cancer, the current American College of 
Sports Medicine (ACSM) recommendation should gener-
ally be considered as a lower limit (Rock et al. 2012). Since 
these volumes are rarely achievable during chemotherapy or 
radiotherapy, and generally in pre- or postoperatively weak 
patients, the training activities must be individually adapted. 
For this purpose, the intensity, type of stress or postoperative 
condition, training frequency and duration must be individu-
ally diagnosed and individualized during the therapy course.

Limitations

This systematic review has several limitations, above all the 
inhomogeneous studies themselves. Most of them enrolled 
low numbers of participants undergoing colorectal surgery 
only. However, the time from diagnosis to surgery differed 
considerably depending on whether the patients had colon or 
rectal cancer. The trials we included tended to be very het-
erogeneous in their intervention duration, exercise regimens, 
and patient ages. An implementation structure for exercise 
medicine therapy approaches has not yet been established 
in the health care system, constituting a major hindrance 
for making recommendations on conditioning concepts in 
colorectal tumor surgery. We observed diverse variables and 
parameters in studies with similar designs, objectives, and 
interventions. Many studies failed to thoroughly describe the 
training intervention (i.e., its duration and intensity) – infor-
mation that is necessary to accurately assess performance-
enhancing adaptations. Further subgroup analyses e.g. with 
regard to the surgical procedure (laparoscopic vs. open sur-
gery) or type of exercise (aerobic vs. resistance training; 
supervised vs. non-supervised) could not performed due to 
missing discrimination of the patient groups or insufficient 
available data.

Conclusion

Based on the available evidence from RCTs and cohort stud-
ies, this review demonstrated that individual preoperative 
exercise interventions in patients undergoing colorectal 
cancer surgery improved functional exercise capacity. We 

also detected a tendency toward fewer postoperative com-
plications when the exercise prehabilitation lasted at least 
3 weeks, preferably longer. We identified no shortening of 
hospital stays attributable to prehabilitation. Our results 
should be interpreted cautiously because of the heterogene-
ity of available studies. Future trials involving multiple cent-
ers, with larger cohorts, and differentiated according to the 
cancer location in the colon or rectum as well as the extent of 
colorectal surgery (laparoscopic vs. open), are needed. The 
information reported should include the training interven-
tion’s total length (in hours) and exertional intensity (per-
cent of maximum power or maximum heart rate) to deter-
mine dose–response relationships and make evidence-based 
recommendations.
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