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A B S T R A C T

Introduction: Preoperative exercise may decrease the risk of complications after major abdominal cancer surgery 
but the amount of time available for such interventions is limited. Our objective was to evaluate the effect of a 
short-term preoperative exercise program on postoperative outcomes in older patients with low physical fitness 
scheduled to undergo colorectal cancer surgery.
Materials and Methods: This was a randomised controlled, multicentre trial where patients scheduled for colo
rectal cancer surgery were considered for inclusion if they were ≥ 65 years of age and had low maximal walking 
speed. The intervention took place in participants' home environments and included inspiratory muscle training, 
aerobic training, and strength exercises for two to three weeks before surgery. Exercise was of high intensity and 
frequency, with at least six sessions supervised by a physiotherapist. Additionally, participants were instructed to 
perform unsupervised exercises, aiming for a total frequency of inspiratory muscle training twice daily, and 
aerobic and strength exercises five to six times per week. A control group underwent surgery without preop
erative exercise. The primary endpoint was occurrence of any complications within 30 days after surgery. Sec
ondary outcomes were postoperative length of hospital stay and discharge destination. Binary logistic regression 
and Mann-Whitney U test were used to analyse outcomes.
Results: A total of 51 patients were included in the intention-to-treat analysis and allocated to preoperative ex
ercise (n = 27) or usual care (n = 24). The proportion of participants with at least one postoperative complication 
was 48.1 % in the intervention group and 62.5 % in the control group. There was no effect of preoperative 
exercise on the odds of developing postoperative complications (OR: 0.56, 95 % CI: 0.18–1.71) nor on discharge 
to another care facility instead of home (OR: 0.98, 95 % CI: 0.29–3.27). The median length of stay in nights was 5 
(IQR: 4–6) for the intervention group and 5.5 (IQR: 4–7.8) for the control group (p = 0.55).
Discussion: In this study of older patients with low physical fitness awaiting colorectal cancer surgery, we could 
not demonstrate an influence of preoperative exercise on postoperative complications, discharge destination or 
length of hospital stay. These results should be interpreted with caution due to a small sample size.
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1. Introduction

Complications are common after resection of colorectal cancer and 
colorectal liver metastases and may be associated with worse overall 
survival [1–3]. Older patients are more susceptible to complications [4] 
but this is more related to biological than chronological age [5–7]. 
Therefore, identifying and considering modifiable risk factors is partic
ularly important for this population [6]. Low preoperative physical 
fitness increases the risk of complications after major abdominal cancer 
surgery [8–11]. The potential to increase physical fitness has led re
searchers to explore the possibility of applying preoperative exercise to 
improve postoperative outcomes [12–14].

Exercise, either in isolation or together with other interventions (e. 
g., nutritional or anxiety-coping interventions), before major abdominal 
surgery may reduce the risk of complications. Nevertheless, the het
erogeneity of trials regarding population, intervention, and study design 
is commonly raised as a concern [15–17]. For individuals with colo
rectal cancer, exercise-based interventions can improve preoperative 
physical fitness as demonstrated in two systematic reviews and meta- 
analyses. However, neither of the reviews detected a significant 
decrease in postoperative complications [18,19].

The limited time before major cancer surgery presents a key chal
lenge to achieve improvements in physical fitness, and therefore, high- 
intensity training has been a suggested strategy [20–22]. In a rando
mised controlled trial, high-intensity aerobic exercise together with 
strength training for just three weeks decreased the risk of postoperative 
complications in older patients with low physical fitness [23]. For a 
high-risk population, the addition of inspiratory muscle training could 
be beneficial for specifically reducing postoperative pulmonary com
plications [24,25].

A home-based, high-intensity, high-frequency exercise program 
including inspiratory muscle training, aerobic, and strength exercises 
was previously developed for older patients awaiting colorectal cancer 
surgery [26]. The program was adapted to fit cancer treatment target 
times in Sweden, which stipulate 21 days from decision to start of 
treatment. A feasibility study showed high acceptance and compliance 
of the intervention among participants [26]. We hypothesised that this 
program would reduce the risk of postoperative complications and 
promote recovery in older patients with low physical fitness undergoing 
surgery for colorectal cancer or colorectal liver metastases. The aim of 
this study was to evaluate the effect of preoperative exercise on post
operative complications, length of hospital stay, and discharge 
destination.

2. Materials and Methods

2.1. Study Design and Setting

This parallel arm randomised controlled trial is a multi-centre study 
carried out at the South General Hospital, Ersta Hospital and Karolinska 
University Hospital in Stockholm, Sweden. A study protocol was pre
viously published where the design and methods used are described in 
more detail [27]. The trial was pre-registered at ClinicalTrials.gov April 
6, 2021, registration number NCT04878185. The Regional Ethical Re
view Board in Stockholm approved the study [2015/1179–31] with 
additional amendments [2016/1587–32, 2017/1246–32, 2021/00335, 
2021–01248, 2022–00993-02]. The trial is reported according to the 
Consolidated Standards of Reporting Trials (CONSORT) guidelines [28].

2.2. Population

Patients scheduled for resection of colorectal adenocarcinoma and/ 
or colorectal liver metastases were considered eligible if they were ≥ 65 
years of age, residents in Stockholm County, and had a maximal walking 
speed <2 m/s. The last criterion, assessed with a 10-m walking test, was 
chosen based on data from a previous study that identified a maximal 

walking speed <2 m/s as a potential cut-off point for preoperative risk 
screening of increased risk of postoperative complications [11]. Exclu
sion criteria were need for surgery within two weeks, medical conditions 
prohibiting participation, and language, cognitive, or mobility barriers 
hindering study procedures. All recruiting sites follow Enhanced Re
covery After Surgery (ERAS) programs.

2.3. Study Procedures

During their first visit at the surgical out-patient clinic, eligible pa
tients were informed about the study and assessed for their maximal 
walking speed. If this criterion was met, patients were recruited and 
written informed consent was collected prior to any start of data 
collection. Baseline questionnaires, physical performance measures, 
structured interviews, and medical chart reviews were administered by 
trained study personnel. Study data were managed using REDCap 
(Research Electronic Data Capture) hosted at Karolinska Institutet 
[29,30]. Randomisation followed immediately after baseline assess
ments by permuted block-randomisation with a 1:1 allocation ratio 
using computer generated random number tables [27].

Following randomisation to intervention, a research group member 
contacted the physiotherapist in the primary care clinic covering the 
geographical area in which the participant lived. The physiotherapist 
scheduled the first visit to introduce the exercise program. Before study 
start, the physiotherapists managing the intervention participated in 
educational workshops. These workshops included lectures on general 
exercise considerations for this population and intervention-specific 
details, and practical training on inspiratory muscle training. Addi
tionally, physiotherapists received training on planning the sessions and 
registering data for a hypothetical participant. Follow-up meetings with 
study staff were held continuously throughout the recruitment period to 
discuss challenges and to ensure adherence to the protocol.

2.4. Preoperative Exercise and Control Group

Preoperative exercise took place in the participants home environ
ment and lasted for two to three weeks before surgery. At least six ses
sions were supervised in person, through home visits by a primary care 
physiotherapist. These sessions included three exercise modalities 
where intensity was adjusted according to the participants rating of 
perceived exertion with the Borg CR-10 scale [31].

Inspiratory muscle training was performed with the electronic device 
Power Breathe K3 (POWERbreathe International Ltd., Southam, UK). A 
total of 30 repetitions was performed with an intensity of 5–7 on the 
Borg CR-10 scale. Physiotherapists were instructed to start with a 
resistance of 50 % of the patient's maximal inspiratory pressure and then 
adjust according to the participants Borg CR-10 grading.

Aerobic exercises, such as walking, stair climbing, or other activities 
chosen by the physiotherapist, were performed in interval form with 
shorter bouts of higher intensity reaching 7–8 on the Borg CR-10 scale. 
The total duration for aerobic exercises was 20 min.

Functional strength training included sit-to-stand and step-up exer
cises with a frequency of three sets of 8 to 12 repetitions and an intensity 
of 7–8 on the Borg CR-10 scale. Weight belts could be added to increase 
intensity. Furthermore, physiotherapists included additional exercises 
to improve performance in activities identified with the Patient-Specific 
Functional Scale, a patient-generated questionnaire designed to assess 
limitations in activities of importance to the patient [32,33].

Participants in the intervention group were instructed to perform 
unsupervised exercise with the goal to include inspiratory muscle 
training twice daily, and aerobic and strength exercises so the total 
number of sessions per week attained five to six times including the 
supervised sessions. Data on type of exercises, duration, and intensity 
were registered by the physiotherapist for each supervised session in a 
protocol. Participants registered this information for unsupervised ex
ercise in a training diary.
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Participants in both study groups wore activPAL™ activity monitors 
(PAL Technologies Ltd., Glasgow, UK) to measure physical activity 
during the preoperative period (from baseline assessment to the day 
before surgery). Based on activity monitor data, the intervention group 
received feedback on their physical activity level half-way through the 
intervention; the control group did not receive any feedback. Both 
groups received written recommendation to perform moderate intensity 
physical activity at least 150 min per week according to current guide
lines of physical activity for older adults [34]. The control group also 
received verbal repetition of these recommendations by telephone.

2.5. Baseline Measurements

Physical performance was measured at baseline with the following 
measures: the 6-min walk test [35], the 30-s chair stand test (a measure 
of functional lower extremity strength) [36], and maximal inspiratory 
pressure using the MicroRPM (Micro Medical/CareFusion, Kent, UK), 
which is a measure of maximal strength of the inspiratory muscles [37]. 
The same measures of physical performance were conducted as close to 
surgery as possible. The age-standardised Charlson Comorbidity Index, 
excluding the primary diseases (i.e., colorectal adenocarcinoma and 
colorectal liver metastases), was applied at baseline as an estimation of 
the burden of comorbidities [38,39]. The risk of malnutrition was 
evaluated by three questions recommended by the National Board of 
Health and Welfare in Sweden: Unintentional weight loss, eating diffi
culties, and low body mass index (<20 kg/m2 for patients <70 years of 
age and < 22 kg/m2 for patients ≥70 years of age) where fulfilment of at 
least one of these criteria indicate that there is a risk of malnutrition 
[40]. Classification of tumour stage was based on pathoanatomical 
diagnosis, where the highest stage was reported if more than one tumour 
were surgically removed.

2.6. Outcomes

The primary endpoint was postoperative complications according to 
the Clavien-Dindo classification [41,42] within 30 days after surgery, 
where the most severe complication per participant is reported. Infor
mation on postoperative complications was collected through medical 
chart reviews where two independent reviewers (JD and ME), per
formed the grading procedure separately. Discord was resolved by a 
third reviewer (AT). Due to the coordinating role of one of the reviewers 
(JD), blinding to allocation was not possible whereas the other reviewers 
were blinded to group allocation. Examples on how postoperative 
complications were graded in this study can be found in Supplementary 
Material 1.

Secondary outcomes for the study were the comprehensive compli
cation index (CCI), hospital length of stay, destination of discharge, and 
adverse events. The CCI accounts for all complications per participant 
and assigns a weighted score based on severity, deriving a number on a 
scale 0–100 (0 = no complications, 100 = death) [43]. A web-based tool 
was used to calculate the score (https://www.cci-calculator.com/). 
Hospital length of stay was measured in nights from the day of surgery to 
the day that the participant was discharged home, or a referral was made 
for inpatient rehabilitation or inpatient care at another facility. Desti
nation of discharge was categorised into home, rehabilitation, or further 
care. Any adverse events for participants in the preoperative exercise 
group were registered and reported by the supervising physiotherapist 
to the project group.

2.7. Sample Size and Statistical Analysis

For our main outcome, postoperative complications according to the 
Clavien-Dindo classification, a standard deviation (SD) of 1.32 was 
assumed based on a previous observational study exploring the impact 
of preoperative physical fitness on the risk of postoperative complica
tions in older patients undergoing major abdominal cancer surgery [44]. 

Based on the assumption that a between group difference of 1 grade is of 
clinical importance, a significance level of 0.05 and a power of 80 %, 67 
participants were considered sufficient to detect a statistically signifi
cant difference between groups [27]. As the research project also aimed 
to evaluate the effect of preoperative exercise on physical fitness, the 
plan was to recruit 160 participants based on a power calculation for the 
6-min walk test. For more information regarding power calculations, see 
the published study protocol [27].

Data were analysed with an intention-to-treat approach. De
mographics and surgical and tumour characteristics are presented using 
descriptive statistics based on type and distribution of the data. Since the 
target number of supervised sessions for each participant were at least 
six sessions, adherence was measured as the median number of super
vised sessions and the proportion of participants performing at least six 
supervised sessions. Furthermore, median intensity achieved during the 
supervised exercise sessions was calculated.

Initially, an ordinal logistic regression was planned for analysing 
differences between groups in complication severity. However, due to 
the small sample size, with a low number or absence of participants in 
several categories, the scale was analysed as a binary variable separating 
participants with at least one complication (grade ≥ 1 according to the 
Clavien Dindo classification) from those with no complications. Simi
larly, since all participants but one were discharged home or to a 
rehabilitation unit, discharge destination was applied as a binary vari
able separating participants being discharged home from those dis
charged to a rehabilitation unit or further care. Binary logistic regression 
was conducted to evaluate the impact of preoperative exercise on the 
odds of postoperative complications and being discharged to a rehabil
itation unit/further care. Since baseline values of the 6-min walk test 
differed between groups, an exploratory analysis adjusting for this 
variable was conducted. Due to non-normal distribution of residuals, as 
well as a strong deviation from normality for both the comprehensive 
complication index and hospital length of stay, a Mann-Whitney U test 
was performed to analyse differences between groups for these param
eters. All statistical analyses were performed using IBM SPSS statistics 
(version 28).

3. Results

Enrolment started in April 2021. The initial plan was to recruit for a 
period of 18 months. However, recruitment difficulties appeared mainly 
due to short waiting times for surgery at one site and difficulties to 
perform the test of maximal walking speed at one site. Therefore, the 
recruitment period was extended. Due to limited-time employment of 
research staff and lack of funding, the recruitment period could not be 
extended beyond June 2023.

A total of 323 patients were considered for study inclusion, and 134 
met the inclusion criteria. Out of these, 54 gave their consent to 
participate in the study. One patient was never assessed at baseline nor 
randomised since the date of surgery was carried forward, and one pa
tient underwent baseline assessment but had their surgery postponed 
due to declining health status. One participant, enrolled to the control 
group, withdrew from the study. A total of 51 patients were therefore 
included in the intention-to-treat sample, randomised to preoperative 
exercise (n = 27) or control (n = 24) (Fig. 1). Demographics and baseline 
measurements (Table 1) were largely similar between groups. The pre
operative exercise group had lower baseline physical performance, with 
a mean difference of 73 m on the 6-min walk test.

3.1. Adherence

The median number of supervised sessions were 6 (range 2–8) and 
the proportion of participants attending at least six supervised sessions 
was 67 %. One participant attending two supervised sessions had a 
transient ischemic attack in the preoperative period. Other reasons for 
fewer supervised sessions were a late start to exercise from the baseline 
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assessment (n = 3), national holidays during the exercise intervention 
period (n = 2), and cancellation from the participant due to illness and 
low energy (n = 3). Median duration of the exercise intervention was 14 
days (interquartile range [IQR]:13–16). Median intensity during su
pervised sessions according to the Borg CR-10 scale was 6.5 (IQR:5–7) 
for aerobic exercises, 5.5 (IQR:4.5–7) for chair-stand exercises and 6 
(IQR:5–7) for step-up exercises. For inspiratory muscle training median 
intensity was 5 (IQR:4–5.5) according to the Borg CR-10 scale, and a 
median load of 57 % (IQR:50–64) of baseline maximal inspiratory 
pressure.

3.2. Adverse Events

One participant had a transient ischemic attack a couple of hours 
after an exercise session; the participant was diagnosed with carotid 
artery stenosis requiring surgery and therefore discontinued the exercise 
intervention. One participant reported a fall during a walk which 
occurred in between supervised sessions; the participant did not perform 
interval training during that instance and attributed the fall to an un
expected curb in the ground. The fall did not result in injury or persistent 
pain and the participant continued in the exercise program. Transient 
dizziness was reported at four sessions, two in conjunction with step-up 
exercises, and two reported as light dizziness during inspiratory muscle 
training. Musculoskeletal adverse events were reported by four partici
pants. There was one instance of calf-pain and one instance of knee-pain, 
both of which improved during the intervention period. One participant 
reported foot pain, and one participant reported increases of preexisting 

hip-pain along with increased walking distances.

3.3. Clinical Outcomes

Overall, 54.9 % of participants were affected by at least one post
operative complication. The distribution of complications between 
groups were 48.1 % in the preoperative exercise group and 62.5 % in the 
control group. There was no statistically significant effect of preopera
tive exercise on the odds of developing postoperative complications, nor 
did preoperative exercise affect the odds of being discharged to in- 
hospital rehabilitation/further care (Table 2). There was no statisti
cally significant difference between groups in the comprehensive 
complication index (Mann-Whitney U test, U:289, p = 0.49) nor in 
hospital length of stay (Mann-Whitney U test, U:293, p = 0.55). 
Descriptive statistics on all clinical outcomes are presented in Table 3.

4. Discussion

In this study, we evaluated the effect of a short-term, preoperative 
exercise program on postoperative outcomes in older patients awaiting 
colorectal cancer surgery. Novel features are the inclusion of patients 
with low physical fitness together with the home-based, high-intensity, 
and high-frequency approach of the intervention. While we did not 
detect an effect of preoperative exercise on postoperative complications, 
discharge destination, or hospital length of stay, the results should be 
interpreted with caution as we did not achieve sufficient statistical 
power. While a low recruitment rate is not unique for our trial [45,46], it 

Fig. 1. CONSORT flow diagram.
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sheds light on the complexity to recruit participants and conduct exer
cise interventions in this context.

The decline rate might have been influenced by the COVID-19 
pandemic. Furthermore, short waiting times posed a challenge for 
recruitment and impacted the median length of the intervention (14 
days), which was at the lower end of the planned duration. A meta- 
analysis revealed a tendency for reductions in postoperative complica
tions for patients submitted to a preoperative exercise intervention that 

lasts at least three weeks [18], highlighting the importance of duration 
to achieve exercise-induced adaptions. However, studies have revealed 
no effect on complications after colorectal cancer surgery for preoper
ative exercise lasting over three weeks [47,48]. Furthermore, physical 
activity for two weeks before and four weeks after colorectal cancer 
surgery did not affect postoperative complications [49]. Besides pro
gramme duration, intensity and frequency contributes to the total ex
ercise dose. While one of the studies described above used high-intensity 

Table 1 
Baseline, oncological and surgical characteristics

Variable Preoperative exercise  
(N = 27)

Control  
(N = 24)

Overall sample  
(N = 51)

Demographics
Age (years), Mean (SD) 78 (4) 77 (7) 77 (6)
Female 16 (59) 12 (50) 28 (55)
Co-habiting† 13 (48) 15 (65) 28 (56)
University education† 15 (56) 6 (26) 21 (42)
Risk of malnutrition 8 (30) 11 (46) 19 (37)
Never smoker 10 (37) 10 (42) 20 (39)
No alcohol (or < 1 standard glass/week) 15 (56) 9 (38) 24 (47)
Charlson Comorbidity Index
2–3 9 (33) 12 (50) 21 (41)
4–5 12 (44) 10 (42) 22 (43)
6–7 6 (22) 2 (8) 8 (16)
Laboratory markers
Hb (g/L), Mean (SD) 123 (19) 124 (17) 123 (18)
Albumin (g/L), Median (IQR) 35 (33–37) 36 (32–38) 36 (33–38)
Physical performance
Baseline
6MWT (metres), Mean (SD)* 372 (97) 445 (132) 406 (119)
30-s CST (n), Median (IQR)** 9 (7–13) 12 (8–15) 11 (7–13)
MIP (cmH2O), Mean (SD) 59 (21) 64 (21) 61 (21)
Before surgery (after intervention)
6MWT (metres), Mean (SD)§ 393 (98) 437 (140) 415 (122)
30- s CST (n), Median (IQR)§§ 11 (8–15) 11 (9–14) 11 (9–14)
MIP (cmH2O) Mean (SD)§§§ 73 (19) 67 (22) 70 (21)
Neoadjuvant treatment
Radiation therapy only – 1 (4) 1 (2)
Chemotherapy only 6 (22) 1 (4) 7 (14)
Chemoradiotherapy 2 (7) 3 (13) 5 (10)
ASA-classification
I 1 (4) 1 (4) 2 (4)
II 9 (33) 14 (58) 23 (45)
III 17 (63) 9 (38) 26 (51)
Surgical site¶

Colon 16 (59) 14 (58) 30 (59)
Rectum 8 (30) 7 (29) 15 (29)
Liver¶¶ 3 (11) 3 (13) 6 (12)
Surgical approach
Open 11 (41) 9 (37.5) 20 (39)
Minimally invasive 16 (59) 15 (62.5) 31 (61)
Surgical data
Bleeding (ml), Median (IQR) 150 (50–300) 175 (31–438) 150 (50–300)
Surgery time (min), Median (IQR) 265 (161–307) 252 (149–396) 260 (160–361)
Tumour stage
0 – 2 (8) 2 (4)
I 3 (11) 4 (17) 7 (14)
II 11 (41) 7 (29) 18 (35)
III 8 (30) 6 (25) 14 (27)
IV 5 (18) 5 (21) 10 (20)

Data is presented as the number of participants (% per group or for the whole sample) unless stated otherwise.
Abbreviations: IQR = interquartile range, Hb = hemoglobin, 6MWT = 6-min walk test, 30-s CST = 30-s chair stand test, MIP = maximal inspiratory pressure, ASA =
American Society of Anaesthesiologists, SD = standard deviation.

† 1 case missing in the control group.
* 1 case missing in the preoperative exercise group and 1 case missing in the control group.
** 1 case missing in the preoperative exercise group.
§ 7 missing in the preoperative exercise group and 3 missing in the control group.
§§ 6 missing in the preoperative exercise group and 3 missing in the control group.
§§§ 5 missing in the preoperative exercise group and 3 missing in the control group.
¶ Peritoneal carcinomatosis was unexpectedly discovered during surgery in one participant from each group.
¶¶ Colorectal liver metastases, including “liver first” approach (n = 2) and simultaneous resection (n = 4).
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exercise [48], the other studies applied moderate intensity exercise with 
a low level of supervision [47,49].

Trials that have demonstrated significant reductions in postoperative 
complications following colorectal cancer surgery [23,50] and major 
abdominal surgery [51] had exercise interventions lasting three [23], 
four [50], and six weeks [51]. A common denominator for these studies 
is the application of high-intensity exercise [23,50,51]. While we strived 
for high-intensity exercise in our study, we only reached the median 
target intensity for inspiratory muscle training, but not for aerobic- or 
strength training. Compared to two of the studies mentioned above, our 
sample had a larger proportion of participants with a higher ASA 
grading [23,50]. Preexisting comorbidities and cancer-related symp
toms are factors that may warrant adaptions of a standardised program, 
which might pose challenges to reach higher intensities, at least in the 
limited time available. A longer optimisation period than we had in our 
trial may be warranted [52]. It is worth noting that for older patients, 
programs combining exercise with nutritional interventions may be a 
more efficient strategy than unimodal exercise interventions [13,15]. 

Nevertheless, the recruiting sites in the present study already apply 
routine nutritional assessment and provide treatment when risk of 
malnutrition appears, in accordance with ERAS guidelines [53].

In our sample, the intervention group had lower baseline values of 
physical performance. Better performance on the 6-min walk test re
duces the risk of postoperative complications [44,54] and the mean 
between-group difference of 73 m is considered a clinically meaningful 
difference [55]. Therefore, the intervention group may have had a 
higher risk of postoperative complications at start. Thus, while the 
intervention might have been insufficient to eliminate the control 
group's advantage, it is possible that preoperative exercise mitigated this 
higher risk.

Strengths of the study include the pragmatic approach to preopera
tive exercise, where the screening test for physical fitness and preoper
ative exercise was included in current clinical routines, while still 
meeting short target times before surgery. The rigorous reporting on 
postoperative complications and intervention-specific elements pro
motes transparency. For all participants but one, adverse events during 
the preoperative period did not lead to discontinued intervention, but 
rather to adaptions of the exercise program. This highlights the need for 
tailored interventions for this patient group, as current standardised 
advice on physical activity may be insufficient and more comprehensive 
support needed.

Some limitations include the modification of the pre-planned anal
ysis of the Clavien-Dindo classification as an ordinal scale to analysis as a 
binary variable due to low number or absence of higher grades of 
complications (i.e., ≥ 3). The decision to not apply blinding for the 
process of documenting and grading postoperative complications could 
have increased the risk of bias, and we addressed this by having two 
independent graders, one of whom was blinded to group allocation. The 
choice to provide the control group with recommendations on physical 
activity was intended to standardise recommendations between sites – it 
is possible that the control group was more physically active during the 
preoperative phase than if no additional recommendations had been 
given. Finally, our focus on postoperative complications as the primary 
outcome has been criticised for not being a sensitive enough measure 
and not capturing other aspects relevant to patients [56].

This study contributes the valuable insight that short-term preoper
ative exercise is possible to deliver in the home environment to an older 
population with low physical fitness. We describe adherence to the 
intervention and shed light on challenges that need to be addressed to 
advance the field of preoperative exercise for older adults with cancer. 
We conclude that preoperative exercise for two to three weeks did not 
appear to affect postoperative complications, discharge destination, or 
postoperative length of hospital stay in this sample of older patients with 
low physical fitness. However, the results may have been influenced by 
the small sample size and the lower levels of physical fitness in the 
intervention group at the study's start. The effect of this intervention on 
additional secondary outcomes such as physical fitness after surgery, 
self-reported postoperative recovery, and health-related quality of life 
will be evaluated in the future.

Table 2 
The effect of preoperative exercise on the risk of postoperative complications and destination of discharge.

Crude (n = 51) Adjusted* (n = 49)

Variable Group allocation OR 95 % CI OR 95 % CI

Postoperative complications
Control group (ref)
Preoperative exercise 0.56 0.18–1.71 0.44 0.13–1.52

Discharged to another facility
Control group (ref)
Preoperative exercise 0.98 0.29–3.27 0.96 0.25–3.64

Abbreviations: CI = confidence interval, OR = odds ratio.
* Adjusted for baseline 6- min walk test, two cases missing in the adjusted analysis.

Table 3 
Descriptive statistics on outcomes.

Outcome Preoperative exercise (N 
= 27)

Control (N =
24)

Participants with ≥1 complication, 
n (%)

13 (48.1) 15 (62.5)

Grade of highest complication, n 
(%)

I 4 (14.8) 6 (25)
II 7 (25.9) 8 (33.3)
IIIa 1 (3.7) –
IIIb – –
IVa – –
IVb 1 (3.7) 1 (4.2)
V – –
CCI, median (IQR) 0 (0–22.6) 8.7 (0–22.2)
Type of complications*, n
Pulmonary 3 4
Cardiovascular 3 3
Confusion 4 –
Vomiting/diarrhea/high output 

stoma
3 10

Urinary retention 2 3
Infection 5 2
Anastomotic leak 1 2
Anaemia requiring blood 

transfusion
3 –

Other 3 1
Discharge destination, n (%)
Home 8 (29.6) 7 (29.2)
Rehabilitation facility 18 (66.7) 17 (70.8)
Care facility 1 (3.7) –
Hospital length of stay, median 

(IQR)
5 (4–6) 5.5 (4–7.8)

Abbreviations: CCI = comprehensive complication index, IQR = interquartile 
range.

* One participant can be represented in >1 group.

J. Danielsson et al.                                                                                                                                                                                                                             Journal of Geriatric Oncology 16 (2025) 102280 

6 



Funding Source

This work was supported by the Swedish Cancer Society [grant 
number 190060 Pj]; the Swedish Research Council [grant number 
2019–01382]; and the Erling-Persson Foundation, a framework funding 
grant to AT, [grant number 140604]. The funders had no role in study 
design, data collection, analysis and interpretation of data, writing of the 
report or decision to publish.

Author Contributions

Conceptualisation: ER, MN-B; Methodology: ER, MA, MN-B, ME, AT; 
Funding acquisition: ER, MN-B, ME, CS, AT; Investigation: JD, MA, ME; 
Project administration: JD, MA, ME, CS, MS, AT; Validation: JD, MA, 
ME, AT, ER; Supervision: ER; Data curation: MA; Formal analysis, 
writing-original draft & visualisation: JD; Resources & writing-review 
and editing: All authors.

Declaration of Competing Interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Acknowledgement

We extend our warmest thanks to the physiotherapists, nurses and 
surgeons involved in recruitment, data collection and delivery of the 
intervention, and research assistant Simon Torikka for valuable assis
tance in project administration.

Appendix A. Supplementary Data

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jgo.2025.102280.

References

[1] Warps AK, Tollenaar RAEM, Tanis PJ, Dekker JWT. Postoperative complications 
after colorectal cancer surgery and the association with long-term survival. Eur J 
Surg Oncol 2022;48(4):873–82.

[2] Aoyama T, Oba K, Honda M, Sadahiro S, Hamada C, Mayanagi S, et al. Impact of 
postoperative complications on the colorectal cancer survival and recurrence: 
analyses of pooled individual patients’ data from three large phase III randomized 
trials. Cancer Med 2017;6(7):1573–80.

[3] Dorcaratto D, Mazzinari G, Fernandez M, Munoz E, Garces-Albir M, Ortega J, et al. 
Impact of postoperative complications on survival and recurrence after resection of 
colorectal liver metastases: systematic review and Meta-analysis. Ann Surg 2019; 
270(6):1018–27.

[4] Aquina CT, Mohile SG, Tejani MA, Becerra AZ, Xu Z, Hensley BJ, et al. The impact 
of age on complications, survival, and cause of death following colon cancer 
surgery. Br J Cancer 2017;116(3):389–97.

[5] Scholtz K, Spies CD, Morgeli R, Eckardt R, von Dossow V, Braun S, et al. Risk 
factors for 30-day complications after cancer surgery in geriatric patients: a 
secondary analysis. Acta Anaesthesiol Scand 2018;62(4):451–63.

[6] Papamichael D, Audisio RA, Glimelius B, de Gramont A, Glynne-Jones R, Haller D, 
et al. Treatment of colorectal cancer in older patients: International Society of 
Geriatric Oncology (SIOG) consensus recommendations 2013. Ann Oncol 2015;26 
(3):463–76.

[7] Fagard K, Leonard S, Deschodt M, Devriendt E, Wolthuis A, Prenen H, et al. The 
impact of frailty on postoperative outcomes in individuals aged 65 and over 
undergoing elective surgery for colorectal cancer: a systematic review. J Geriatr 
Oncol 2016;7(6):479–91.

[8] West MA, Asher R, Browning M, Minto G, Swart M, Richardson K, et al. Validation 
of preoperative cardiopulmonary exercise testing-derived variables to predict in- 
hospital morbidity after major colorectal surgery. Br J Surg 2016;103(6):744–52.

[9] Makker PGS, Koh CE, Solomon MJ, Steffens D. Preoperative functional capacity 
and postoperative outcomes following abdominal and pelvic cancer surgery: a 
systematic review and meta-analysis. ANZ J Surg 2022;92(7–8):1658–67.

[10] Heldens A, Bongers BC, Lenssen AF, Stassen LPS, Buhre WF, van Meeteren NLU. 
The association between performance parameters of physical fitness and 
postoperative outcomes in patients undergoing colorectal surgery: an evaluation of 
care data. Eur J Surg Oncol 2017;43(11):2084–92.

[11] Karlsson E, Egenvall M, Farahnak P, Bergenmar M, Nygren-Bonnier M, Franzén E, 
et al. Better preoperative physical performance reduces the odds of complication 
severity and discharge to care facility after abdominal cancer resection in people 
over the age of 70 - a prospective cohort study. Eur J Surg Oncol 2018;44(11): 
1760–7.

[12] Topp R, Ditmyer M, King K, Doherty K, Hornyak 3rd J. The effect of bed rest and 
potential of prehabilitation on patients in the intensive care unit. AACN Clin Issues 
2002;13(2):263–76.

[13] Carli F, Zavorsky GS. Optimizing functional exercise capacity in the elderly surgical 
population. Curr Opin Clin Nutr Metab Care 2005;8(1):23–32.

[14] Carli F, Gillis C, Scheede-Bergdahl C. Promoting a culture of prehabilitation for the 
surgical cancer patient. Acta Oncol 2017;56(2):128–33.

[15] Daniels SL, Lee MJ, George J, Kerr K, Moug S, Wilson TR, et al. Prehabilitation in 
elective abdominal cancer surgery in older patients: systematic review and meta- 
analysis. BJS Open 2020;4(6):1022–41.

[16] Heger P, Probst P, Wiskemann J, Steindorf K, Diener MK, Mihaljevic AL. 
A systematic review and Meta-analysis of physical exercise Prehabilitation in major 
abdominal surgery (PROSPERO 2017 CRD42017080366). J Gastrointest Surg 
2020;24(6):1375–85.

[17] Lobo DN, Pavel S, Gomez D, Greenhaff PL. Prehabilitation: high-quality evidence is 
still required. Br J Anaesth 2023;130(1):9–14.
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