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Abstract 

Background Surgery and treatment for colorectal cancer (CRC) in the elderly patient increase the risk of developing 
post‑operative complications, losing functional independence, and worsening health‑related quality of life (HRQoL). 
There is a lack of high‑quality randomized controlled trials evaluating the potential benefit of exercise as a counter‑
measure. The primary aim of this study is to evaluate the effectiveness of a home‑based multicomponent exercise 
program for improving HRQoL and functional capacity in older adults undergoing CRC surgery and treatment.

Methods This randomized, controlled, observer‑blinded, single‑center trial aims to randomize 250 patients (>74 
years) to either an intervention or a control group (i.e., usual care). The intervention group will perform an individual‑
ized home‑based multicomponent exercise program with weekly telephone supervision from diagnosis until three 
months post‑surgery. The primary outcomes will be HRQoL (EORTC QLQ‑C30; CR29; and ELD14) and functional capac‑
ity (Barthel Index and Short Physical Performance Battery), which will be assessed at diagnosis, at discharge, and one, 
three, and six months after surgery. Secondary outcomes will be frailty, physical fitness, physical activity, inspiratory 
muscle function, sarcopenia and cachexia, anxiety and depression, ambulation ability, surgical complications, and 
hospital length of stay, readmission and mortality.

Discussion This study will examine the effects of an exercise program in older patients with CRC across a range of 
health‑related outcomes. Expected findings are improvement in HRQoL and physical functioning. If proven effective, 
this simple exercise program may be applied in clinical practice to improve CRC care in older patients.

Trial registration ClinicalTrials.gov ID: NCT05448846.
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Background
Colorectal cancer (CRC) is the second most common 
cancer and the second leading cause of cancer-related 
mortality in Europe [1]. CRC is more frequent in older 
than in younger people (31% of affected patients are 
≥75 years) [2] and its global prevalence is projected to 
increase by 2040, especially among older people due 
to population ageing [3]. Moreover, the expansion of 
unhealthy lifestyle-related risk factors like westernized 
diet, obesity, and physical inactivity are contributing to 
the increase of CRC burden [4].

Tumor resection through surgery is considered the 
cornerstone of CRC treatment, whereas advanced age 
is an independent predictor of post-operative mortal-
ity and complications [5]. Among older patients under-
going CRC surgery, the presence of geriatric syndromes 
(e.g., frailty, cognitive and functional impairment) wors-
ens prognosis and increases the risk of developing post-
operative complications [6]. Likewise, a recent study 
has suggested that CRC patients with low muscle mass 
and muscle quality are more likely to suffer complica-
tions after surgery [7]. This is especially relevant in peo-
ple over 75 years of age, since age-related loss of muscle 
mass and strength is accentuated [8]. Moreover, the high 
prevalence of cancer-related cachexia in older people 
with CRC (approximately 60% in people aged 70 or older) 
[9] makes this population particularly vulnerable to loss 
of muscle mass, strength, and physical function (i.e., 
sarcopenia). Indeed, physical function usually remains 
below baseline values from three and up to six months 
following CRC treatment, which could lead to perma-
nent dependency for self-care activities in over half of the 
older patients [10]. Thus, older patients are at high risk of 
losing functional independence after CRC treatment.

In older people, a decline in intrinsic capacity (i.e., 
the composite of all the individual’s physical and mental 
capacities) increases the risk of functional impairment 
(i.e., the loss of the individual’s ability to perform activi-
ties of daily living (ADLs) independently) and may under-
mine their health-related quality of life (HRQoL) [11]. In 
CRC older patients, HRQoL is commonly constructed 
by disease-specific outcomes (e.g., side effects of surgery 
and/or radiotherapy, toxicity of systemic therapy, fatigue, 
pain, bowel functioning) together with other concerns 
regarding geriatric syndromes and preferences (e.g., func-
tional capacity, social functioning, mood, participation 
in decision making) [12]. Integration of HRQoL assess-
ment and promotion into care, treatment and follow-
up is especially important in older patients with cancer 
since some of them weight HRQoL over a survival gain 
compared to younger individuals [13]. Moreover, owing 
to the improvements in early detection and treatment of 
CRC, survival has substantially progressed up to 66% at 

5 years [14]. Accordingly, there is an increasing number 
of people living with CRC-related sequelae that threaten 
their HRQoL [15]. In this regard, the implementation of 
complementary interventions to anticancer treatments 
to promote HRQoL and to minimize the consequences 
of accelerated aging induced by these treatments are war-
ranted [16, 17].

The regular practice of physical activity (PA) in can-
cer patients has been associated with a better HRQoL 
[18–23], physical function [21, 24] and functional capac-
ity [18]. PA also contributes to reduce mortality risk [25, 
26] and muscle atrophy [27, 28]. In this sense, the World 
Health Organization [29] and the American Cancer Soci-
ety [30] recommend performing at least 150-300 minutes 
per week of moderate-intensity PA or 75-150 minutes 
per week of vigorous-intensity PA (or a combination 
thereof ) involving resistance and endurance exercise – 
as well as minimizing sedentary behaviors – for primary 
and tertiary cancer prevention in adults. Moreover, the 
benefits of physical exercise as an intervention for pro-
moting healthy ageing and treating age-related disorders 
in older patients with cancer are well documented [20, 
21]. However, there is high inter-individual variability on 
the effects of exercise interventions that can be explained 
by several factors such as type of cancer, participants’ 
or interventions’ characteristics, or type of study. Stud-
ies on exercise effects in elderly patients with CRC are 
scarce and methodologically heterogeneous. A recent 
review [5] which included 11 randomized controlled tri-
als (RCT) concluded that exercise interventions improve 
functional capacity [31–33] and reduce postoperative 
complications [34, 35] and length of hospital stay (LOS) 
[35, 36] in CRC patients with surgical indication over the 
age of 60 years. Only two RCTs assessed mortality, but 
no decrease was found in 30-day [36] or 1-year mortal-
ity [35] after the intervention. No differences regarding 
HRQoL were found [32, 37]. However, there is a lack of 
consensus regarding the most effective exercise type [38], 
the optimal dose of exercise [39] or the best moment to 
implement the exercise intervention (prehabilitation vs. 
rehabilitation) [40, 41]. In this regard, the combination 
of exercise with other interventions such as nutritional 
or mental support and behavior modification before 
surgery (i.e., multimodal prehabilitation) may not pro-
vide additional benefits to multimodal rehabilitation, 
as showed in a recent Cochrane Review [41]. However, 
the authors concluded that the low number of included 
participants and studies (only 250 patients among three 
RCTs) summed to their methodological heterogene-
ity might have limited the certainty of their conclusions 
so more and larger studies are needed to gather evi-
dence. On the other hand, adherence to these programs 
is often inconsistently reported, and there are no clear 
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recommendations on how to increase it [42]. Previous 
studies have shown that enrollment in exercise trials and 
adherence to exercise is negatively associated with older 
age [43, 44]. Some commonly reported barriers include 
physical symptoms related to cancer or its treatment (e.g. 
fatigue, peripheral neuropathy, comorbid health condi-
tions, impaired mobility), psychological impact of cancer 
diagnosis, many hospital appointments, lack of informa-
tion, lack of social support, and other constrains regard-
ing time, costs, access and guidance [44, 45]. Low-cost 
and easily accessible programs that can be carried out at 
home and that are supported and guided by profession-
als (via direct supervision, written materials or by phone) 
may improve adherence to exercise [44, 46]. Therefore, 
the design of these programs should be adapted accord-
ing to the characteristics of the population studied, the 
patient’s individual level of performance, the proposed 
outcomes and patient’s preferences [5, 47].

There is still a lack of knowledge on the benefits of 
exercise in older and more vulnerable patients, who are 
precisely those with the highest risk of complications and 
the greater loss of functional independence and HRQoL 
after CRC treatment. For this reason, we aim to study 
the effects of an individualized home-based multicom-
ponent exercise program, supervised by a clinical exer-
cise physiologist through telephone calls, on functional 
capacity and HRQoL in older adults undergoing elective 
CRC surgery when compared to usual care. Our pri-
mary hypothesis is that the exercise program improves 
functional capacity and HRQoL of older patients with 
CRC compared to usual care. The secondary aims will 
be to investigate the effect of the exercise program on 
physical performance, surgical complications and hos-
pital readmissions, the prevalence of frailty, anxiety and 
depression, sarcopenia and cancer-cachexia, as well as 
the effects on physical fitness and inspiratory muscle 
function in comparison to usual care. Furthermore, the 
intervention’s safety and feasibility will be studied by reg-
istering patient’s adverse events and adherence to the 
program.

Methods
Study design and ethical approval
This study is a non-pharmacological, randomized, par-
allel-controlled, observer-blinded trial organized by the 
Health Research Institute Gregorio Marañón of Madrid, 
Spain. The study design, protocols and informed con-
sent procedures were approved by the Medical Ethics 
Committee of Hospital General Universitario Gregorio 
Marañón (HGUGM) (Madrid, Spain) (ref.18/2021) and 
registered in clinicaltrials.gov (NCT05448846). The 
present study protocol will be conducted following the 
SPIRIT (Standard Protocol Items: Recommendations for 

Interventional Trials) statement and in accordance with 
the ethical guidelines of the Declaration of Helsinki [48]. 
The study will be carried out in the health care area of the 
HGUGM (Madrid, Spain) over a 3-year period.

Study participants, screening and recruitment
Patients will be screened, informed, and included in 
the study at the HGUGM, Madrid, Spain. All patients 
will be provided a written informed consent. CRC 
patients aged 75 or older will be recruited at the geri-
atric outpatient clinic after the completion of a com-
prehensive geriatric assessment (CGA). The trial 
inclusion criteria will be: I) being 75 years or older, II) 
confirmed CRC diagnosis, III) being included in the 
surgical waiting list, and IV) being able to communi-
cate, and able and willing to provide informed consent. 
The trial exclusion criteria will be: I) dismissal for sur-
gery, II) any active limitation which affects adherence 
to the study procedures like terminal disease, myo-
cardial infarction, or fractures in any limb (within the 
last three months before study participation), inability 
to walk or severe dementia (i.e., scoring Mini-Mental 
State Examination ≤ 18 points). Patients will be pre-
viously informed about the program’s content, study 
aims and randomization and about the role of care 
providers and research staff during participation. An 
overview of the study participant’s flow diagram is 
shown in Fig. 1.

Randomization and blinding
Patients who fulfill the inclusion criteria and accept to 
participate will be randomly assigned (1:1) to an inter-
vention (IG) or control group (CG) following a com-
puter-generated (Sealed Envelope Ltd. 2021) allocation 
sequence using a fixed block size of 6. The allocation 
sequence and resulting patient assignment will be con-
cealed from study members involved in participants’ 
enrollment and assessment. Patients will be notified 
about allocation consignment by the study member 
involved in the intervention delivery, who will advise to 
participants not to discuss about their treatment assign-
ment with blinded staff. Participants and care pro-
viders will be not blinded to the treatment group. By 
contrast, data collection and analysis will be performed 
by researchers blinded to the group allocation of the 
patients.

Interventions
Control group (CG)
Participants randomly assigned to the control group 
will receive the usual care, which includes the Enhanced 
Recovery for Abdominal Surgery (ERAS) by the sur-
gery department [49, 50]. This includes oral and written 
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information on diet, avoiding sedentary lifestyle and 
breathing exercises with a spirometer, among other 
items that try to assure an early post-operative recov-
ery. The participation of the geriatric team includes the 
CGA-guided intervention, mostly focused on the man-
agement of frailty and other geriatric syndromes, such as 
malnutrition, functional impairment, cognitive decline 
or depression and quality of life. In addition, the clinical 
exercise physiologist will give participants general advice 

about the positive effects of PA and will encourage them 
to reduce sedentary lifestyle.

Intervention group (IG)
In addition to usual care received by the CG, patients in the 
IG will complete an individualized home-based multicom-
ponent exercise program, supervised through telephone 
calls by a clinical exercise physiologist specialized in dealing 
with older patients, who is part of the local care team.

Fig. 1 Flow diagram of the study
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Exercise intervention
The Consensus on Exercise Reporting Template (CERT) 
is followed to provide elemental information about the 
exercise intervention [51]. The exercise intervention will 
be separated into I) pre-operative phase (prehabilita-
tion), lasting from patient’s enrollment to hospital admis-
sion for CRC surgery, II) perioperative phase, from CRC 
surgery to patient’s discharge from hospital, and III) 
post-operative phase (rehabilitation), extending up to 12 
weeks after CRC surgery. According to leading guidelines 
on exercise prescription for older adults [52], the exercise 
program will be tailored to the functional capacity of the 
patients. Thus, patients will be classified into 4 different 
groups depending on their Short Physical Performance 
Battery (SPPB) score, as follows: I) person with disability 
(SPPB score 0 to 3); II) frail person (SPPB score 4 to 6); 
III) pre-frail person (SPPB score 7 to 9); and IV) robust 
person (SPPB score 10 to 12) (see below: Physical Per-
formance). The SPPB score will be the decision rule for 
determining the starting level of the program, which will 
be reviewed at subsequent face-to-face training sessions 
by the clinical exercise physiologist. A total of three face-
to-face training sessions will be conducted individually 
at baseline (at own home for adjusting program to the 
environment of the patient), during hospitalization (once 
early mobilization of the patient is indicated), and one 
month after CRC surgery in the hospital setting. In these 
face-to-face training sessions, the clinical exercise physi-
ologist will provide the corresponding education mate-
rials, guidance and motivation to complete the exercise 
program, observe exercise performance, correct exercise 
technique, and give feedback to the patients. The educa-
tional materials include an informative notebook with the 
explanations of the exercise program, an exercise diary 
and audiovisual material. Moreover, patients will receive 
instructions on how to complete the exercise diary for 
recording exercise sessions (e.g., exercise modality, rep-
etitions, duration, intensity) of each training session.

The home-based multicomponent exercise program 
will involve 2 weekly training sessions aimed at improv-
ing strength and balance (resistance training) and 2 
weekly training sessions aimed at improving cardiores-
piratory fitness through brisk walking (endurance train-
ing), which will be complemented with daily inspiratory 
muscle training (IMT). Patients will be asked to com-
plete resistance and endurance training sessions on alter-
nate days, scheduled along the week according to their 
preferences.

Resistance training
Resistance training sessions will involve a progressive 
combination of activities including: I) mobilization and 

warm-up (range of motion exercises for the neck, shoul-
ders, arms, trunk, and legs); II) a lower-body strength 
exercise (sit-to-stand); III) an upper-body strength exer-
cise (seated curl to press exercise with a free-weight load 
like a pair of water bottles); IV) balance (one-leg stand-
ing balance); and V) calm down (stretching and relaxing 
exercises). Additional file  1 shows this in more detail. 
During hospital stay, a supervised face-to-face session 
will take place for the adequacy of the post-surgery exer-
cise. Following the advice of our surgical team, the lower-
body strength exercise (i.e., sit-to-stand exercise) will be 
replaced by a seated knee extension exercise in order to 
avoid excessive intra-abdominal pressure during the 4 
weeks following surgery [see Additional file  2]. Overall, 
patients will be advised to complete all movements in a 
slow and controlled fashion during the first two weeks of 
the program and the 4 weeks after surgery. Then, patients 
will progress to complete the concentric phase (muscle 
shortening) as fast as possible, followed by a controlled, 
slower eccentric phase (muscle lengthening) to maximize 
mechanical power output and motor unit recruitment 
(i.e., power training) [53]. Besides, patients will be trained 
to avoid Valsalva’s maneuver during exercise execution.

Endurance training
Endurance training sessions will consist of brisk walking 
(i.e., walking faster than habitual gait speed). Patients will 
be instructed to walk at a pace that hinders them from 
talking comfortably, but that allows them to maintain 
a conversation (i.e., the equivocal stage of the talk test) 
[54]. Several studies have suggested that the equivocal 
stage of the talk test is a valid indicator of the ventila-
tory threshold [55]. Patients will walk independently or 
assisted (e.g., with the help of other person, a walker, or 
a walking stick). Overall, endurance training sessions will 
aim to accumulate at least 30 minutes of continuous or 
interval brisk walking.

Inspiratory muscle training (IMT)
A specific device for IMT (POWERbreathe Medic Plus, 
Southam, United Kingdom) will be used. Patients will 
complete 30 repetitions twice a day with a starting load 
(i.e., intensity) corresponding to the 40% of patient’s 
maximal inspiratory pressure  (PImax, see inspiratory 
muscle function section below for more details), meas-
ured at baseline and 1, 3, and 6 months after surgery. For 
every repetition, the patients will be instructed to exhale 
until achieving residual volume and will then perform a 
maximal inspiration (i.e., as fast and for as long as pos-
sible) through the IMT device. If needed, patients will be 
allowed to include a brief rest (30 to 60 seconds) every 5 
to 10 repetitions. IMT sessions will be completed twice 
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a day, once after the corresponding resistance or endur-
ance training session, when applicable.

Exercise progression
The exercise program will be continuously adapted to the 
patient’s clinical status and functional capacity. Exercise 
progression regarding resistance and balance exercises 
will be achieved by adjusting the number of repetitions, 
the number of sets, the usage of additional weights and/
or by exercise selection (i.e., moving from simple to more 
advanced exercises). Patients will rate each exercise 
intensity and overall training session intensity through 
the Borg’s Perceived Exertion Category-Ratio Scale 1-10 
 (RPE1-10) for aerobic exercise and the OMNI-Scale for 
resistance training [56, 57]. After a conditioning phase, 
resistance training prescription will be tuned weekly to 
target an intensity ranging between moderate to vigor-
ous (i.e., 5- “strong”- to 7- “very strong”- points  RPE1-10, 
respectively). For guidance, if the patient complies with 
the exercise prescription, the training volume will be 
increased (i.e., higher number of repetitions and/or sets) 
or a more complex exercise will be selected based on the 
established criteria (Table  1). In contrast, scoring more 
than 8 points  RPE1-10 will be considered a regression 
criterion, which entails a decrease of 2-3 repetitions per 
exercise and/or selecting an easier exercise. On the other 
hand, endurance exercise will range from 10 minutes 
(starting level of group I of disabled patients) to 60 min-
utes per session, while exercise progression will be set 
according to the establish criteria (Table 1). Accordingly, 
if the  RPE1-10 for endurance training session exceeds 8 
points, session duration will be reduced by 5 minutes. In 
terms of IMT, the patients will be instructed to increase 
the load of the threshold device between 0.5 and 1 lev-
els (i.e., 3.5 and 7 cm  H2O) every week if being able to 
complete twice a day 30 repetitions. If return to exercise/
usual activities is delayed due to post-operative compli-
cations, study participants will continue in the study and 

restart the exercise intervention once they are able until 
completing the 12 weeks of training.

Adherence and exercise monitoring
Patients will be contacted weekly on a 20-minute tel-
ephone support session by the clinical exercise physi-
ologist to report adherence to the home-based training. 
Thus, every week they will receive an explanation about 
the purpose of the intervention and the possible benefits 
of the exercises and progress will be reviewed. Motiva-
tion strategies will be used for achieving engagement to 
sustain exercise activity and/or achieve higher or pro-
gressively more intense performance. These strategies 
are based on the principles of Self Determination Theory 
[58]. Participants will have the opportunity to discuss any 
issues related to their exercise program and any barri-
ers to exercise will be taking into consideration. Attend-
ance of each participant will be recorded and reasons for 
dropouts will be documented.

Primary outcomes
Health‑related quality of life
HRQoL will be assessed with the European Organiza-
tion for the Research and Treatment of Cancer Quality 
of Life Questionnaire Core 30 (EORTC QLQ-C30) [59]. 
The questionnaire includes items for the assessment of 
the global health status, physical, role, cognitive, emo-
tional, and social functioning, as well as assessment items 
of symptoms and financial difficulties due to cancer and 
its treatments. Items are assessed from 1 to 4 (1: not at 
all, 2: a little, 3: quite a bit, 4: a lot) and overall health and 
the patient’s quality of life from 1 to 7 (1 for very poor 
and 7 for excellent). The total score ranges from 0 to 100 
(higher score is considered better). A change of 10 points 
or more is considered clinically relevant [60]. As com-
plementary questionnaires we will also use the EORTC 
QLQ-CR29 [61], which includes 29 items specifically 
aimed at patients with CRC and the EORTC QLQ-ELD14 

Table 1 Training regression and progression criteria

SPPB Short Physical Performance Battery

Starting level (SPPB 
score)

RESISTANCE TRAINING ENDURANCE TRAINING

Lower body Upper body Balance Brisk walking

Sets Repetitions Sets Repetitions Sets Time (s) Time (min)

A (0-3) 1 ‑ 3 3 ‑ 5 1 ‑ 3 3 ‑ 5 3 3 ‑ 5 10 ‑ 15

B (4-6) 2 ‑ 3 5 ‑ 8 2 ‑ 3 5 ‑ 8 3 3 ‑ 5 15 ‑ 20

C (7-9) 2 ‑ 3 8 ‑ 10 2 ‑ 3 10 ‑ 15 3 3 ‑ 5 20 ‑ 25

D (10-12) 3 10 ‑ 12 3 10 ‑ 12 3 5 ‑ 10 25 ‑ 30

E (12) 3 10 ‑ 15 3 10 ‑ 15 3 10 ‑ 15 ≥ 30
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[62, 63], aimed at elderly patients (≥70 years) with cancer 
and that includes 14 items.

Functional capacity
The Barthel Index [64] will be used to assess the capac-
ity of patients to execute ten basic activities of daily liv-
ing (i.e., feeding, transferring from bed to chair, using the 
toilet, bathing/showering, personal hygiene, dressing, 
walking, stair climbing, and bowel and bladder control). 
The total score ranges from 0 (total dependence) to 100 
(independence) with intervals of 5 points. A change of 5 
or more points is considered clinically relevant [65].

Secondary outcome measures
Physical performance
Physical performance will be measured with the SPPB 
[66], which assesses the patients’ ability to perform three 
physical tasks: I) static balance, standing for 10 sec-
onds with their feet together (1 point), in semi-tandem, 
(1 point) and in tandem position (up to 2 points), II) 
4-meter habitual gait speed (0 to 4 points), and III) the 
ability to stand up from a chair during a five-repetition 
sit-to-stand test (0 to 4 points). The total score ranges 
from 0 (worst) to 12 (best). Scoring less than 10 points 
indicates a high risk of frailty, deterioration, and falls [67]. 
A one-point change in the test is considered clinically rel-
evant [68].

Frailty
The presence of frailty will be assessed according to 
Fried’s frailty phenotype criteria [69], which includes five 
health-related domains: involuntary weight loss (> 4.5 kg 
in the last year), weakness (handgrip strength, JAMAR 
hydraulic hand dynamometer, Nottinghamshire, UK), 
self-reported exhaustion during the last week, slowness 
(4.5-meter habitual gait speed test), and low levels of 
PA (walking less than 2.5 and 2 hours, or an equivalent 
energy expenditure, for men and women, respectively). 
Depending on the overall score obtained, participants 
will be classified into three different categories: frail (≥3 
criteria), pre-frail (1 or 2 criteria) or robust (does not 
meet any criteria).

Physical fitness
Patients’ physical fitness will be evaluated through the 
Senior Fitness Test, a battery of tests designed for the 
community-dwelling elderly population [70]. Specifi-
cally, this battery assesses the patients’ cardiorespiratory 
capacity (2-minute step test), strength and flexibility of 
the lower limbs (30-second sit-to-stand test and chair 
sit and reach test, respectively) and upper limbs (30-sec-
ond arm curl test and back scratch test, respectively), 
balance (Flamingo test), maximal gait speed (10-meter 

maximal walking test) and agility (Timed-up and go 
test). A detailed description of each test is available else-
where [70]. The patient’s score for each capacity will be 
determined according to the specific normative values 
(i.e., percentiles) for non-institutionalized Spanish older 
adults [71].

Physical activity
Changes in PA will be determined through the Physi-
cal Activity Scale for the Elderly (PASE) questionnaire 
[72]. Briefly, this questionnaire evaluates the level of 
self-reported physical activity including occupational, 
household and leisure activities over the past 7 days in 
individuals aged 65 years and older. The total PA is com-
puted on an overall weighted score (from 0 to more than 
400 points) where the minimal clinically important dif-
ference for cancer patients ranges between 17 and 25 
points [73]. Current evidence supports the PASE as the 
best questionnaire for measuring moderate to vigorous 
PA in older adults [74].

Sarcopenia and cachexia
Changes in muscle mass and quality will be recorded by 
ultrasound examination (Lumify system and L12-4 linear 
array transducer, Philips Ultrasound, WA, USA) of the 
lower and upper limbs. Patients will lie on an examina-
tion table in supine position with a foam roller placed 
beneath the knees (i.e., with slight knee flexion). After 
allowing 10 minutes for fluid stabilization, three cross-
sectional images of the rectus femoris (at 50% of the dis-
tance between the anterior superior iliac spine and the 
proximal border of the patella) and biceps brachii mus-
cles (at 66% of the distance between the acromion pro-
cess and the elbow crease) will be acquired to determine 
muscle thickness and echo-intensity (i.e., grayscale quan-
tification). In addition, three longitudinal images of the 
vastus lateralis muscle (at 65% of the distance between 
the greater trochanter and the distal boundary of lateral 
femur condyle) with the probe aligned with the fascicle 
plane will be acquired to determine muscle thickness and 
architecture (i.e., fascicle length and pennation angle). 
The image acquisition location and skin landmarks will 
be transferred to an acetate template to improve meas-
urement reliability of the following visits. All images will 
be subsequently analyzed using Fiji image analysis soft-
ware [75] and the Simple Muscle Architecture Analy-
sis tool for Fiji [76]. The determination of low levels of 
muscle mass, necessary for the diagnosis of sarcopenia, 
will be determined using the cut-off points for the Ultra-
sound Sarcopenia Index, which is obtained by the ratio 
between fascicle length and muscle thickness [77]. The 
operational definition of sarcopenia revised by the Euro-
pean Working Group on Sarcopenia in Older People and 
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the corresponding cut-off points will be applied for the 
diagnosis of sarcopenia [78]. In addition, the presence of 
cancer-cachexia will be evaluated according to the inter-
national consensus for the definition and classification of 
cachexia associated with cancer [79].

Inspiratory muscle function
Inspiratory muscle function will be determined meas-
uring the maximum static inspiratory pressure that the 
patient can generate at the mouth (i.e.,  PImax) against an 
occluded system (i.e., Müller’s maneuver) (Micro Medi-
cal/CareFusion, Kent, UK) [80, 81]. Properly seated, 
patients will be instructed to exhale up to their residual 
volume and will be then encouraged to inspire as fast 
and strong as possible for 3 seconds. The highest 1-sec-
ond average value will be recorded in each trial. The best 
three reliable measurements (i.e., < 10% coefficient of 
variation) will be obtained from a range of 5 to 8 maxi-
mum trials separated by 60 seconds of rest.

Anxiety and depression
The degree of anxiety and depression will be determined 
according to the Hospital Anxiety and Depression Scale 
(HADS)[82]. This is a questionnaire that includes 14 items 
in two subscales: 7 items to assess anxiety and another 7 
to assess depression. Each item can be scored from 0 to 3 
points, so the possible total scores range between 0 and 
21 for each subscale. A total score from 0 to 7 implies the 
absence of anxiety and/or depression, from 8 to 10 sug-
gests the presence of a disorder, and a score of more than 
11 indicates a probable presence of a mood disorder [83].

Ambulation ability
Ambulatory capacity will be measured with the Func-
tional Ambulation Classification (FAC) scale [84]. This 
scale assesses the patients’ walking ability on 6 levels 
according to whether they: cannot walk (level 0); walk 
with continuous manual contact from one person to 
maintain balance or to assist coordination (level 1); 
require light physical contact from a person (level 2); 
walk alone but require supervision of one person either 
for safety or verbal cueing (level 3); walk independently 
on level surface, but cannot negotiate stairs, inclines 
or non-level surfaces (level 4); or walk independently, 
including stairs (level 5).

Surgical complications
Surgical complications during hospital stay will be objec-
tively classified according to the Clavien-Dindo scale 
[85]. Different categories (from I to V) are defined on this 
scale based on the severity of the treatments required by 

patients after undergoing surgery. Thus, categories I-II 
are considered as mild and III-V as serious.

Hospital length of stay, readmissions, and mortality
The LOS associated to CRC surgery will be computed as 
the number of days from hospital admission for surgery 
to discharge. The number of hospital readmissions, the 
length of stay of these readmissions as well as the inci-
dence of all-cause mortality will be registered thought 
the study.

Other variables
Other variables will be collected through a standard 
questionnaire administered by duly trained personnel. 
Include: sociodemographic data, clinical variables, medi-
cations, comorbidities [86], characteristics of cancer, 
American Society of Anesthesiologists (ASA) physical 
status classification to help predict operative risk [87], 
type of surgery, adjuvant treatment, presence of geriatric 
syndromes and medical complications.

Adverse events and patient-reported outcomes
Patients’ adverse events will be registered during the study 
duration by the medical staff according to the NCI- Com-
mon Terminology Criteria for Adverse Events (CTCAEv5.0). 
In addition, patient-reported outcomes on cancer treatment 
derived symptomatic toxicities will be collected weekly 
through a custom-built survey designed at PRO-CTCAE 
® Measurement System (https:// healt hcare deliv ery. cancer. 
gov/ pro- ctcae/). The exercise-related adverse events (i.e., 
those deemed to be caused by exercise) will be captured by 
the clinical exercise physiologist during weekly phone moni-
toring. Exercise-related adverse events will be categorized as 
musculoskeletal/connective tissue (e.g., delayed onset mus-
cle soreness, strains, joint pain), accidents/injuries (e.g., falls, 
sprain, tripping), cardiovascular symptoms/conditions (e.g., 
lightheadedness, dizziness, fainting, and heart palpitations), 
surgery-related (e.g., herniation, stoma leakage, scar tissue 
pain) or others, as proposed elsewhere [88].

Data collection and access
Research variables will be collected at baseline, at hos-
pital discharge, and 1, 3 and 6 months after discharge, 
with the exception of physical fitness at hospital dis-
charge due to medical contraindication. To discern the 
effect of the intervention during the pre-surgery and 
hospitalization period, the presence of frailty, ultra-
sound examination and inspiratory muscle’s function 
will be recorded at hospital admission prior to surgery 
(Table  2). Study data will be collected and managed 
using REDCap electronic data capture tools hosted at 
HGUGM [89]. Data validation strategies will be applied 

https://healthcaredelivery.cancer.gov/pro-ctcae/
https://healthcaredelivery.cancer.gov/pro-ctcae/
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to avoid problems with manual data entry. All inves-
tigators will be giving access to the cleaned data sets 
according to the role given within the study.

Sample size and statistical power
A priori sample size is calculated by estimating the differ-
ence between groups in the change in the quality scale of 

Table 2   Data collection schedule for ECOOL‑Program

Qx Colorectal surgery, HRQoL Health‑Related Quality of Life, EORTC QLQ European Organization for the Research and Treatment of Cancer Quality of Life 
Questionnaires, SPPB Short Physical Performance Battery, FAC Functional Ambulation Classification Scale, HADS Hospital Anxiety and Depression Scale, PASE Physical 
Activity Scale for the Elderly, MIP Maximum Inspiratory Pressure, SFT Senior Fitness Test
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life (EORT QLQ-C30) from diagnosis to 3 months after 
discharge. A systematic review with meta-analysis pool-
ing 25 clinical trials with a total of 547 cancer patients 
older than 70 years reported a mean ± standard deviation 
for global health status of 57.4 ± 23 points in the EORT 
QLQ-C30 scale [90]. If a difference of 10 points on this 
scale is considered clinically significant [60], using a two-
sided sample t-test at the 5% level of significance with a 
statistical power (1-β) of 80%, we need to analyze a total 
of 166 patients. Mortality rate for patients over 74 years 
of age undergoing CRC surgery at the HGUGM is 4% 
(unpublished data). Assuming a conservative one-year 
mortality rate of 20% and an additional drop-out rate of 
25% of the patients, we will need around 250 patients 
(125 per group). Considering a standard deviation of 
16.3 points in the Barthel index based on data collected 
during the CGA for CRC patients conducted during the 
usual clinical practice at the HGUGM, this sample will 
be suitable for detecting a 10-points difference between 
groups, which is larger than the minimal clinically impor-
tant difference for a geriatric population [91].

Statistical analysis
Baseline characteristics of included participants will be 
analyzed after the total sample have completed the first 
visit. Descriptive data will be stratified by group alloca-
tion and sex. Unless otherwise stated, continuous vari-
ables will be presented as mean and standard deviation 
or median and interquartile range, as required. Categori-
cal variables will be presented as absolute and relative 
frequencies. Groups will be compared at baseline using 
Student independent t tests or χ2 tests for continuous or 
dichotomous variables, respectively. For primary and sec-
ondary outcomes analyses of continuous variables, the 
changes observed along repeated measurements will be 
compared within- and between-group using linear mixed 
model procedures. Group allocation (IG vs. CG) and 
repeated measurements (i.e., baseline, hospital admis-
sion-discharge and 1-month, 3-month and 6-month after 
surgery) will be included in the model as fixed factors 
(i.e., independent categorical variables) while random 
intercepts will be considered for patients to account for 
within-subject correlation between repeated measure-
ments. Analyses will be adjusted for potential confound-
ers based on variables with significant between-group 
differences at baseline or previously described factors 
affecting the corresponding dependent variable. The 
models will be calculated considering maximum likeli-
hood estimation and the best-fitting covariance struc-
ture. The consistency of the between-group differences 
will be assessed for subgroups defined by age, frailty, 
presence of delirium, and baseline functional status. In 
addition, the proportion of patients who loss, maintain or 

regain HRQoL, functional and physical capacity baseline 
values at 3 and 6 months after surgery will be compared 
by using χ2. The effect of the intervention on mortality 
incidence will be analyzed with Kaplan-Meir curves, Log-
rank test and Cox regression analysis. Primary analyses 
will be conducted based on the intention-to-treat princi-
ple. Missing data will be addressed with multiple imputa-
tion methods while sensitivity analyses will be employed 
to evaluate the influence of the multiple imputations. The 
statistical level of significance will be set at α=0.05.

Discussion
This study aims to determine whether an individualized 
home-based exercise program supervised by telephone 
improves or maintains HRQoL and functional capacity in 
patients ≥ 75 years old during CRC treatment when com-
pared with usual care.

Our main hypothesis is that this individualized home-
based exercise program supervised by telephone will 
improve the HRQoL and functional capacity of older 
adults following CRC treatment. Although exercise 
interventions are highly recommended as they provide 
numerous benefits to people affected by cancer in gen-
eral, studies including very old populations (i.e., aged 75 
years and over) are practically null. Several RCTs on CRC 
patients aged over 60 years have reported that regular PA 
improves functional capacity [31–33], reduces postoper-
ative complications [34, 35] and LOS [35, 36]. In contrast, 
other studies have reported no reduction of 30-day [36] 
or 1-year mortality [35], nor improvements in HRQoL 
[32, 37].

As recommended by international guidelines for pri-
mary and tertiary cancer prevention in adults [30, 92, 
93], most studies include a combination of strength and 
endurance training. Moreover, most studies include 
supervised training sessions performed in hospitals or 
sport centers. Considering that our patients are very 
old, and adherence is reduced with older age, the inclu-
sion of home-based exercise sessions supervised weekly 
by phone calls may be an alternative, particularly when 
accessibility issues, lack of mobility or time constraints 
are barriers to participate. Nevertheless, scarce informa-
tion exists regarding the most effective way of training 
and how to improve adherence to the exercise program 
for promoting healthy ageing and treating age-related 
disorders in older people during and after CRC.

To the best of our knowledge, this will be the first 
RCT conducted in a very old population (over 74 years) 
of CRC patients, who indeed present more physi-
cal, mental, social and emotional limitations and who 
have an increased risk of suffering the negative conse-
quences of surgery compared with younger popula-
tions. Another novelty of our study is that our exercise 
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program will also include inspiratory muscle training 
unlike other multicomponent programs.

Considering that our sample will be composed of 
patients who are older than those usually included in 
research, there may be more declination to participation in 
the program, more difficulties following and reporting the 
exercise program, as well as a lower adherence. The best 
results for improving adherence and motivation to exer-
cise can be expected by providing a structured exercise 
program with individually tailored dosages based on the 
patients’ performance, surgical conditions and preferences, 
as well as with a continuous supervision by telephone [94]. 
The ECOOL-Program addresses these issues and offers a 
simple home-based exercise program supervised weekly by 
telephone which requires low resources and could be eas-
ily implemented in the clinical setting. Due to the increas-
ing life expectancy and the growing prevalence of CRC in 
older adults, there is a need for improving CRC care. We 
hypothesize that an exercise training intervention applied 
both before and after CRC surgery may have additional 
benefits for improving HRQoL and physical functioning in 
very old patients compared to usual care.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12877‑ 023‑ 04026‑6.

Additional file 1. 

Additional file 2. 

Acknowledgments
Not applicable.

Trial Sponsor
Health Research Institute Gregorio Marañón (IiSGM). Contact name: Dr. Jose 
Antonio Serra Rexach (joseantonio.serra@salud.madrid.org). Address: Dr. 
Esquerdo 46, 28007 Madrid, Spain.

Authors’ contributions
Conception and design were conducted by J.A.S.‑R., M.T.V., J. O.‑A., J.M.‑C., 
A.M.V., N.M.G.‑S., G.R.‑R., P.L.V., and C.R.‑L., supported by M.L.C.‑A., L.M.J.‑G., P.D.‑
L., and M.E.P.‑M. J.A.S.‑R. is the principal Investigator. Funded acquisition was 
conducted by J.A.S.‑R. and J.M.‑C. N.M.G.‑S., A.M.‑V., and C.R.‑L.‑ made the data 
collection notebook. A.M.‑V. designed the exercise components, supported by 
G.R.‑R., P.L.V. and C.R.‑L. A.M.‑V. presented it to the Ethics Committee.Original 
draft preparation and writing were carried out by A.M.‑V., reviewed and edited 
by C.R.‑L., J.A.S.‑R., and G.R.‑R. All authors have reviewed and approved the final 
version of this manuscript.

Funding
The ECOOL trial is fully funded by Instituto de Salud Carlos III, Madrid, Spain 
(ref. PI21/01729), Centro de Investigación Biomedica en Red de Fragilidad y 
Envejecimiento Saludable (CIBERFES, CB16/10/00314) and by ESF “Investing 
in your future”. Research by P. L. V. is supported by a Sara Borrell postdoctoral 
contract granted by Instituto de Salud Carlos III (CD21/00138).

Availability of data and materials
The datasets generated during the present study can be obtained from the 
corresponding author on reasonable request. The trial results will be com‑
municated via publications.

Declarations

Ethics approval and consent to participate
All procedures described in this study will be performed in accordance with 
the principles of the Declaration of Helsinki. The study has been approved by 
the Ethics Committee of the General University Hospital Gregorio Marañón 
(Madrid, Spain) (HGUGM) (ref.18/2021). Written informed consent will be 
obtained from all patients prior to any trial‑related procedure and they will be 
informed that they are free to withdraw from the study at any time without 
any implication to their future care or treatment. Patients unable to provide 
written informed consent are excluded.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Faculty of Physical Activity and Sport Sciences (INEF), Universidad Politécnica 
de Madrid, Madrid, Spain. 2 Centro de Investigación Biomédica en Red de 
Fragilidad y Envejecimiento Saludable (CIBERFES), Madrid, Spain. 3 Depart‑
ment of Geriatrics, Hospital General Universitario Gregorio Marañón. Health 
Research Institute Gregorio Marañón (IiSGM), Dr.Esquerdo 46, 28007 Madrid, 
Spain. 4 School of Medicine, Department of Medicine, Universidad Com‑
plutense, Madrid, Spain. 5 Colorectal Surgery Unit ‑ General Surgery Depart‑
ment, Hospital General Universitario Gregorio Marañón, Madrid, Spain. 
6 Physical Activity and Health Research Group (PaHerg), Research Institute 
of the Hospital Universitario 12 de Octubre (“Imas12”), Madrid, Spain. 

Received: 1 February 2023   Accepted: 8 May 2023

References
 1. Ferlay J, Colombet M, Soerjomataram I, Parkin DM, Piñeros M, Znaor 

A, Bray F. Cancer statistics for the year 2020: an overview. Int J Cancer 
2021.·https:// doi. org/ 10. 1002/ ijc. 33588.

 2. Howlader N, Noone A, Krapcho M, Miller D, Brest A, Yu M, Ruhl J, Tatal‑
ovich Z, Mariotto A, Lewis D, et al. SEER Cancer Statistics Review, 1975‑
2018, National Cancer Institute. In. Bethesda: National Cancer Institute; 
2020.

 3. Xi Y, Xu P. Global colorectal cancer burden in 2020 and projections to 
2040. Transl Oncol. 2021; 14(10):101174.·https:// doi. org/ 10. 1016/j. tranon. 
2021. 101174.

 4. Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal cancer. 
Lancet. 2019; 394(10207):1467‑1480.·https:// doi. org/ 10. 1016/ s0140‑ 
6736(19) 32319‑0.

 5. González‑Senac NM, Mayordomo‑Cava J, Macías‑Valle A, Aldama‑Marín P, 
Majuelos González S, Cruz Arnés ML, Jiménez‑Gómez LM, Vidán‑Astiz MT, 
Serra‑Rexach JA. Colorectal cancer in elderly patients with surgical indica‑
tion: state of the art, current management, role of frailty and benefits of a 
Geriatric Liaison. Int J Environ Res Public Health. 2021; 18(11)·https:// doi. 
org/ 10. 3390/ ijerp h1811 6072.

 6. Fagard K, Leonard S, Deschodt M, Devriendt E, Wolthuis A, Prenen H, 
Flamaing J, Milisen K, Wildiers H, Kenis C. The impact of frailty on postop‑
erative outcomes in individuals aged 65 and over undergoing elective 
surgery for colorectal cancer: a systematic review. J Geriatr Oncol. 2016; 
7(6):479‑491.·https:// doi. org/ 10. 1016/j. jgo. 2016. 06. 001.

 7. Xiao J, Caan BJ, Cespedes Feliciano EM, Meyerhardt JA, Peng PD, Baracos 
VE, Lee VS, Ely S, Gologorsky RC, Weltzien E, et al. Association of low 
muscle mass and low muscle radiodensity with morbidity and mortality 
for colon cancer surgery. JAMA Surg. 2020; 155(10):942‑949.·https:// doi. 
org/ 10. 1001/ jamas urg. 2020. 2497.

 8. Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz 
AV, Simonsick EM, Tylavsky FA, Visser M, Newman AB. The loss of skeletal 
muscle strength, mass, and quality in older adults: the health, aging and 
body composition study. J Gerontol A Biol Sci Med Sci. 2006; 61(10):1059‑
1064.·https:// doi. org/ 10. 1093/ gerona/ 61. 10. 1059.

https://doi.org/10.1186/s12877-023-04026-6
https://doi.org/10.1186/s12877-023-04026-6
https://doi.org/10.1002/ijc.33588
https://doi.org/10.1016/j.tranon.2021.101174
https://doi.org/10.1016/j.tranon.2021.101174
https://doi.org/10.1016/s0140-6736(19)32319-0
https://doi.org/10.1016/s0140-6736(19)32319-0
https://doi.org/10.3390/ijerph18116072
https://doi.org/10.3390/ijerph18116072
https://doi.org/10.1016/j.jgo.2016.06.001
https://doi.org/10.1001/jamasurg.2020.2497
https://doi.org/10.1001/jamasurg.2020.2497
https://doi.org/10.1093/gerona/61.10.1059


Page 12 of 14Macías‑Valle et al. BMC Geriatrics          (2023) 23:314 

 9. Poisson J, Martinez‑Tapia C, Heitz D, Geiss R, Albrand G, Falandry C, 
Gisselbrecht M, Couderc AL, Boulahssass R, Liuu E, et al. Prevalence and 
prognostic impact of cachexia among older patients with cancer: a 
nationwide cross‑sectional survey (NutriAgeCancer). J Cachexia Sarcope‑
nia Muscle. 2021; 12(6):1477‑1488.·https:// doi. org/ 10. 1002/ jcsm. 12776.

 10. Hamaker ME, Prins MC, Schiphorst AH, van Tuyl SA, Pronk A, van den Bos 
F. Long‑term changes in physical capacity after colorectal cancer treat‑
ment. J Geriatr Oncol. 2015; 6(2):153‑164.·https:// doi. org/ 10. 1016/j. jgo. 
2014. 10. 001.

 11. Muhandiramge J, Orchard SG, Warner ET, van Londen GJ, Zalcberg JR. 
Functional decline in the cancer patient: a review. Cancers (Basel). 2022; 
14(6)·https:// doi. org/ 10. 3390/ cance rs140 61368.

 12. Doolin JW, Halpin M, Berry JL, Hshieh T, Zerillo JA. Why focus on patient‑
reported outcome measures in older colorectal cancer patients? Eur J 
Surg Oncol. 2020; 46(3):394‑401.·https:// doi. org/ 10. 1016/j. ejso. 2019. 07. 
028.

 13. Wedding U, Pientka L, Höffken K. Quality‑of‑life in elderly patients with 
cancer: a short review. Eur J Cancer. 2007; 43(15):2203‑2210.·https:// doi. 
org/ 10. 1016/j. ejca. 2007. 06. 001.

 14. Jansen L, Castro FA, Gondos A, Krilaviciute A, Barnes B, Eberle A, Emrich 
K, Hentschel S, Holleczek B, Katalinic A, et al. Recent cancer survival in 
Germany: an analysis of common and less common cancers. Int J Cancer. 
2015; 136(11):2649‑2658.·https:// doi. org/ 10. 1002/ ijc. 29316.

 15. Lapinsky E, Man LC, MacKenzie AR. Health‑related quality of life in older 
adults with colorectal cancer. Curr Oncol Rep. 2019; 21(9):81.·https:// doi. 
org/ 10. 1007/ s11912‑ 019‑ 0830‑2.

 16. Wang S, Prizment A, Thyagarajan B, Blaes A. Cancer treatment‑induced 
accelerated aging in cancer survivors: biology and assessment. Cancers 
(Basel). 2021; 13(3)·https:// doi. org/ 10. 3390/ cance rs130 30427.

 17. Sedrak MS, Kirkland JL, Tchkonia T, Kuchel GA. Accelerated aging in older 
cancer survivors. 2021; 69(11):3077‑3080.·https:// doi. org/ 10. 1111/ jgs. 
17461.

 18. Grimmett C, Bridgewater J, Steptoe A, Wardle J. Lifestyle and quality 
of life in colorectal cancer survivors. Qual Life Res. 2011; 20(8):1237‑
1245.·https:// doi. org/ 10. 1007/ s11136‑ 011‑ 9855‑1.

 19. Lynch BM, van Roekel EH, Vallance JK. Physical activity and quality of 
life after colorectal cancer: overview of evidence and future directions. 
Expert Rev Qual Life Cancer Care. 2016; 1(1):9‑23.·https:// doi. org/ 10. 1080/ 
23809 000. 2016. 11299 02.

 20. Loh KP, Lin PJ, Uth J, Quist M, Klepin H, Mustian K. Exercise for managing 
cancer‑ and treatment‑related side effects in older adults. J Geriatr Oncol. 
2018; 9(4):405‑410.·https:// doi. org/ 10. 1016/j. jgo. 2018. 03. 003.

 21. Christensen JF, Simonsen C, Hojman P. Exercise training in cancer control 
and treatment. Compr Physiol. 2018; 9(1):165‑205.·https:// doi. org/ 10. 
1002/ cphy. c1800 16.

 22. McGettigan M, Cardwell CR, Cantwell MM, Tully MA. Physical activity 
interventions for disease‑related physical and mental health during and 
following treatment in people with non‑advanced colorectal cancer. 
Cochrane Database Syst Rev. 2020; 5(5):Cd012864.·https:// doi. org/ 10. 
1002/ 14651 858. CD012 864. pub2.

 23. Balhareth A, Aldossary MY, McNamara D. Impact of physical activ‑
ity and diet on colorectal cancer survivors’ quality of life: a systematic 
review. World J Surg Oncol. 2019; 17(1):153.·https:// doi. org/ 10. 1186/ 
s12957‑ 019‑ 1697‑2.

 24. Ezzatvar Y, Ramírez‑Vélez R, Sáez de Asteasu ML, Martínez‑Velilla N, Zam‑
bom‑Ferraresi F, Izquierdo M, García‑Hermoso A. Physical function and 
all‑cause mortality in older adults diagnosed with cancer: a systematic 
review and meta‑analysis. J Gerontol A Biol Sci Med Sci. 2021; 76(8):1447‑
1453.·https:// doi. org/ 10. 1093/ gerona/ glaa3 05.

 25. Walter V, Jansen L, Knebel P, Chang‑Claude J, Hoffmeister M, Brenner H. 
Physical activity and survival of colorectal cancer patients: population‑
based study from Germany. Int J Cancer. 2017; 140(9):1985‑1997.·https:// 
doi. org/ 10. 1002/ ijc. 30619.

 26. Schmid D, Leitzmann MF. Association between physical activity and mor‑
tality among breast cancer and colorectal cancer survivors: a systematic 
review and meta‑analysis. Ann Oncol. 2014; 25(7):1293‑1311.·https:// doi. 
org/ 10. 1093/ annonc/ mdu012.

 27. Gould DW, Lahart I, Carmichael AR, Koutedakis Y, Metsios GS. Cancer 
cachexia prevention via physical exercise: molecular mechanisms. J 
Cachexia Sarcopenia Muscle. 2013; 4(2):111‑124.·https:// doi. org/ 10. 1007/ 
s13539‑ 012‑ 0096‑0.

 28. Grande AJ, Silva V, Sawaris Neto L, Teixeira Basmage JP, Peccin MS, Mad‑
docks M. Exercise for cancer cachexia in adults. Cochrane Database Syst 
Rev. 2021; 3(3):Cd010804.·https:// doi. org/ 10. 1002/ 14651 858. CD010 804. 
pub3.

 29. Bull FC, Al‑Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, Carty 
C, Chaput J‑P, Chastin S, Chou R, et al. World Health Organization 
2020 guidelines on physical activity and sedentary behaviour. J Br J 
Sports Med. 2020; 54(24):1451‑1462.·https:// doi. org/ 10. 1136/ bjspo 
rts‑ 2020‑ 102955.

 30. Rock CL, Thomson CA, Sullivan KR, Howe CL, Kushi LH, Caan BJ, Neu‑
houser ML, Bandera EV, Wang Y, Robien K, et al. American Cancer Society 
nutrition and physical activity guideline for cancer survivors. 2022; 
72(3):230‑262.·https:// doi. org/ 10. 3322/ caac. 21719.

 31. Awasthi R, Minnella EM, Ferreira V, Ramanakumar AV, Scheede‑Bergdahl 
C, Carli F. Supervised exercise training with multimodal pre‑habilitation 
leads to earlier functional recovery following colorectal cancer resection. 
Acta Anaesthesiol Scand. 2019; 63(4):461‑467.·https:// doi. org/ 10. 1111/ 
aas. 13292.

 32. Gillis C, Li C, Lee L, Awasthi R, Augustin B, Gamsa A, Liberman AS, Stein 
B, Charlebois P, Feldman LS, et al. Prehabilitation versus rehabilitation: a 
randomized control trial in patients undergoing colorectal resection for 
cancer. Anesthesiology. 2014; 121(5):937‑947.·https:// doi. org/ 10. 1097/ aln. 
00000 00000 000393.

 33. Minnella EM, Bousquet‑Dion G, Awasthi R, Scheede‑Bergdahl C, Carli F: 
Multimodal prehabilitation improves functional capacity before and after 
colorectal surgery for cancer: a five‑year research experience. Acta Oncol. 
2017; 56(2):295‑300.·https:// doi. org/ 10. 1080/ 02841 86x. 2016. 12682 68.

 34. Berkel AEM, Bongers BC, Kotte H, Weltevreden P, de Jongh FHC, Eijsvogel 
MMM, Wymenga M, Bigirwamungu‑Bargeman M, van der Palen J, van 
Det MJ, et al. Effects of community‑based exercise prehabilitation for 
patients scheduled for colorectal surgery with high Rrsk for postopera‑
tive complications: results of a randomized clinical trial. Ann Surg. 2022; 
275(2):e299‑e306.·https:// doi. org/ 10. 1097/ sla. 00000 00000 004702.

 35. Souwer ETD, Bastiaannet E, de Bruijn S, Breugom AJ, van den Bos F, 
Portielje JEA, Dekker JWT. Comprehensive multidisciplinary care program 
for elderly colorectal cancer patients: "From prehabilitation to independ‑
ence". Eur J Surg Oncol. 2018; 44(12):1894‑1900.·https:// doi. org/ 10. 1016/j. 
ejso. 2018. 08. 028.

 36. Chia CL, Mantoo SK, Tan KY. ’Start to finish trans‑institutional transdisci‑
plinary care’: a novel approach improves colorectal surgical results in frail 
elderly patients. Colorectal Dis. 2016; 18(1):O43‑50.·https:// doi. org/ 10. 
1111/ codi. 13166.

 37. Dronkers JJ, Lamberts H, Reutelingsperger IM, Naber RH, Dronkers‑
Landman CM, Veldman A, van Meeteren NL. Preoperative therapeutic 
programme for elderly patients scheduled for elective abdominal onco‑
logical surgery: a randomized controlled pilot study. Clin Rehabil. 2010; 
24(7):614‑622.·https:// doi. org/ 10. 1177/ 02692 15509 358941.

 38. Pollán M, Casla‑Barrio S, Alfaro J, Esteban C, Segui‑Palmer MA, Lucia A, 
Martín M. Exercise and cancer: a position statement from the Spanish 
Society of Medical Oncology. Clin Transl Oncol. 2020; 22(10):1710‑
1729.·https:// doi. org/ 10. 1007/ s12094‑ 020‑ 02312‑y.

 39. Minnella EM, Ferreira V, Awasthi R, Charlebois P, Stein B, Liberman AS, 
Scheede‑Bergdahl C, Morais JA, Carli F. Effect of two different pre‑oper‑
ative exercise training regimens before colorectal surgery on func‑
tional capacity: a randomised controlled trial. Eur J Anaesthesiol. 2020; 
37(11):969‑978.·https:// doi. org/ 10. 1097/ eja. 00000 00000 001215.

 40. Carli F, Bousquet‑Dion G, Awasthi R, Elsherbini N, Liberman S, Boutros M, 
Stein B, Charlebois P, Ghitulescu G, Morin N, et al. Effect of multimodal 
prehabilitation vs postoperative rehabilitation on 30‑day postoperative 
complications for frail patients undergoing resection of colorectal cancer: 
a randomized clinical trial. JAMA Surg. 2020; 155(3):233‑242.·https:// doi. 
org/ 10. 1001/ jamas urg. 2019. 5474.

 41. Molenaar CJ, van Rooijen SJ, Fokkenrood HJ, Roumen RM, Janssen L, 
Slooter GD. Prehabilitation versus no prehabilitation to improve func‑
tional capacity, reduce postoperative complications and improve quality 
of life in colorectal cancer surgery. Cochrane Database Syst Rev. 2022; 
5(5):Cd013259.·https:// doi. org/ 10. 1002/ 14651 858. CD013 259. pub2.

 42. Turner RR, Steed L, Quirk H, Greasley RU, Saxton JM, Taylor SJ, Rosario 
DJ, Thaha MA, Bourke L. Interventions for promoting habitual exercise 
in people living with and beyond cancer. Cochrane Database Syst Rev. 
2018; 9(9):Cd010192.·https:// doi. org/ 10. 1002/ 14651 858. CD010 192. pub3.

https://doi.org/10.1002/jcsm.12776
https://doi.org/10.1016/j.jgo.2014.10.001
https://doi.org/10.1016/j.jgo.2014.10.001
https://doi.org/10.3390/cancers14061368
https://doi.org/10.1016/j.ejso.2019.07.028
https://doi.org/10.1016/j.ejso.2019.07.028
https://doi.org/10.1016/j.ejca.2007.06.001
https://doi.org/10.1016/j.ejca.2007.06.001
https://doi.org/10.1002/ijc.29316
https://doi.org/10.1007/s11912-019-0830-2
https://doi.org/10.1007/s11912-019-0830-2
https://doi.org/10.3390/cancers13030427
https://doi.org/10.1111/jgs.17461
https://doi.org/10.1111/jgs.17461
https://doi.org/10.1007/s11136-011-9855-1
https://doi.org/10.1080/23809000.2016.1129902
https://doi.org/10.1080/23809000.2016.1129902
https://doi.org/10.1016/j.jgo.2018.03.003
https://doi.org/10.1002/cphy.c180016
https://doi.org/10.1002/cphy.c180016
https://doi.org/10.1002/14651858.CD012864.pub2
https://doi.org/10.1002/14651858.CD012864.pub2
https://doi.org/10.1186/s12957-019-1697-2
https://doi.org/10.1186/s12957-019-1697-2
https://doi.org/10.1093/gerona/glaa305
https://doi.org/10.1002/ijc.30619
https://doi.org/10.1002/ijc.30619
https://doi.org/10.1093/annonc/mdu012
https://doi.org/10.1093/annonc/mdu012
https://doi.org/10.1007/s13539-012-0096-0
https://doi.org/10.1007/s13539-012-0096-0
https://doi.org/10.1002/14651858.CD010804.pub3
https://doi.org/10.1002/14651858.CD010804.pub3
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.3322/caac.21719
https://doi.org/10.1111/aas.13292
https://doi.org/10.1111/aas.13292
https://doi.org/10.1097/aln.0000000000000393
https://doi.org/10.1097/aln.0000000000000393
https://doi.org/10.1080/0284186x.2016.1268268
https://doi.org/10.1097/sla.0000000000004702
https://doi.org/10.1016/j.ejso.2018.08.028
https://doi.org/10.1016/j.ejso.2018.08.028
https://doi.org/10.1111/codi.13166
https://doi.org/10.1111/codi.13166
https://doi.org/10.1177/0269215509358941
https://doi.org/10.1007/s12094-020-02312-y
https://doi.org/10.1097/eja.0000000000001215
https://doi.org/10.1001/jamasurg.2019.5474
https://doi.org/10.1001/jamasurg.2019.5474
https://doi.org/10.1002/14651858.CD013259.pub2
https://doi.org/10.1002/14651858.CD010192.pub3


Page 13 of 14Macías‑Valle et al. BMC Geriatrics          (2023) 23:314  

 43. Urquiza M, Echeverria I, Besga A, Amasene M, Labayen I, Rodriguez‑
Larrad A, Barroso J, Aldamiz M, Irazusta J. Determinants of par‑
ticipation in a post‑hospitalization physical exercise program for 
older adults. BMC Geriatr. 2020; 20(1):408.·https:// doi. org/ 10. 1186/ 
s12877‑ 020‑ 01821‑3.

 44. Agasi‑Idenburg CS, Zuilen MK, Westerman MJ, Punt CJA, Aaronson NK, 
Stuiver MM. "I am busy surviving" ‑ Views about physical exercise in older 
adults scheduled for colorectal cancer surgery. J Geriatr Oncol. 2020; 
11(3):444‑450.·https:// doi. org/ 10. 1016/j. jgo. 2019. 05. 001.

 45. Fisher A, Wardle J, Beeken RJ, Croker H, Williams K, Grimmett C: Perceived 
barriers and benefits to physical activity in colorectal cancer patients. 
Support Care Cancer. 2016; 24(2):903‑910.·https:// doi. org/ 10. 1007/ 
s00520‑ 015‑ 2860‑0.

 46. Arkkukangas M, Sundler AJ, Soderlund A, Eriksson S, Johansson AC. Older 
persons’ experiences of a home‑based exercise program with behavioral 
change support. Physiother Theory Pract. 2017; 33(12):905‑913.·https:// 
doi. org/ 10. 1080/ 09593 985. 2017. 13598 69.

 47. Berian JR, Cuddy A, Francescatti AB, O’Dwyer L, Nancy You Y, Volk RJ, 
Chang GJ. A systematic review of patient perspectives on surveillance 
after colorectal cancer treatment. J Cancer Surviv. 2017; 11(5):542‑
552.·https:// doi. org/ 10. 1007/ s11764‑ 017‑ 0623‑2.

 48. World Medical Association Declaration of Helsinki: ethical principles for 
medical research involving human subjects. JAMA. 2013; 310(20):2191‑
2194.·https:// doi. org/ 10. 1001/ jama. 2013. 281053.

 49. Gustafsson UO, Scott MJ, Hubner M, Nygren J, Demartines N, Francis N, 
Rockall TA, Young‑Fadok TM, Hill AG, Soop M, et al. Guidelines for Perio‑
perative Care in Elective Colorectal Surgery: Enhanced Recovery After 
Surgery (ERAS(®)) Society Recommendations: 2018. World J Surg. 2019; 
43(3):659‑695.·https:// doi. org/ 10. 1007/ s00268‑ 018‑ 4844‑y.

 50. Via Clinica de Recuperación Intensificada en Cirugía del Adulto (RICA), 
2021 edn: Ministerio de Sanidad, Instituto Aragonés de Ciencias de la 
Salud y Grupo Español de Rehabilitación Multimodal.; 2021.

 51. Slade SC, Dionne CE, Underwood M, Buchbinder R. Consensus on Exer‑
cise Reporting Template (CERT): explanation and elaboration Statement. 
Br J Sports Med. 2016; 50(23):1428‑1437.·https:// doi. org/ 10. 1136/ bjspo 
rts‑ 2016‑ 096651.

 52. Izquierdo M, Merchant RA, Morley JE, Anker SD, Aprahamian I, Arai H, 
Aubertin‑Leheudre M, Bernabei R, Cadore EL, Cesari M, et al. International 
Exercise Recommendations in Older Adults (ICFSR): expert consensus 
guidelines. J Nutr Health Aging. 2021; 25(7):824‑853.·https:// doi. org/ 10. 
1007/ s12603‑ 021‑ 1665‑8.

 53. Tøien T, Malmo T, Espedal L, Wang E: Maximal intended velocity enhances 
strength training‑induced neuromuscular stimulation in older adults. 
Eur J Appl Physiol. 2022; 122(12):2627‑2636.·https:// doi. org/ 10. 1007/ 
s00421‑ 022‑ 05045‑8.

 54. Persinger R, Foster C, Gibson M, Fater DC, Porcari JP. Consistency of the 
talk test for exercise prescription. Med Sci Sports Exerc. 2004;36(9):1632–6.

 55. Bok D, Rakovac M, Foster C. An examination and critique of subjective 
methods to determine exercise intensity: the talk test, feeling scale, and 
rating of perceived exertion. Sports Med. 2022·https:// doi. org/ 10. 1007/ 
s40279‑ 022‑ 01690‑3.

 56. Borg G. Borg’s perceived exertion and pain scales. Champaign: Human 
Kinetics; 1998.

 57. Buskard ANL, Jacobs KA, Eltoukhy MM, Strand KL, Villanueva L, Desai PP, 
Signorile JF. Optimal approach to load progressions during strength train‑
ing in older adults. Med Sci Sports Exerc. 2019; 51(11):2224‑2233.·https:// 
doi. org/ 10. 1249/ mss. 00000 00000 002038.

 58. Marcos‑Pardo PJ, Martínez‑Rodríguez A, Gil‑Arias A. Impact of a motiva‑
tional resistance‑training programme on adherence and body composi‑
tion in the elderly. Sci Rep. 2018; 8(1):1370.·https:// doi. org/ 10. 1038/ 
s41598‑ 018‑ 19764‑6.

 59. Fayers P, Bottomley A: Quality of life research within the EORTC‑the 
EORTC QLQ‑C30. European organisation for research and treatment of 
cancer. Eur J Cancer. 2002; 38 Suppl 4:S125‑133.·https:// doi. org/ 10. 1016/ 
s0959‑ 8049(01) 00448‑8.

 60. Musoro JZ, Sodergren SC, Coens C, Pochesci A, Terada M, King MT, 
Sprangers MAG, Groenvold M, Cocks K, Velikova G, et al. Minimally impor‑
tant differences for interpreting the EORTC QLQ‑C30 in patients with 
advanced colorectal cancer treated with chemotherapy. Colorectal Dis. 
2020; 22(12):2278‑2287.·https:// doi. org/ 10. 1111/ codi. 15295.

 61. Arraras JI, Suárez J, Arias de la Vega F, Vera R, Asín G, Arrazubi V, Rico M, 
Teijeira L, Azparren J. The EORTC Quality of Life questionnaire for patients 
with colorectal cancer: EORTC QLQ‑CR29 validation study for Spanish 
patients. Clin Transl Oncol. 2011; 13(1):50‑56.·https:// doi. org/ 10. 1007/ 
s12094‑ 011‑ 0616‑y.

 62. Arraras JI, Asin G, Illarramendi JJ, Manterola A, Salgado E, Dominguez 
MA. The EORTC QLQ‑ELD14 questionnaire for elderly cancer patients. 
Validation study for elderly Spanish breast cancer patients. Rev Esp 
Geriatr Gerontol. 2019; 54(6):321‑328.·https:// doi. org/ 10. 1016/j. regg. 
2019. 05. 001.

 63. Wheelwright S, Darlington AS, Fitzsimmons D, Fayers P, Arraras JI, Bon‑
netain F, Brain E, Bredart A, Chie WC, Giesinger J, et al. International 
validation of the EORTC QLQ‑ELD14 questionnaire for assessment of 
health‑related quality of life elderly patients with cancer. Br J Cancer. 
2013; 109(4):852‑858.·https:// doi. org/ 10. 1038/ bjc. 2013. 407.

 64. Mahoney FI, Barthel DW. FUNCTIONAL EVALUATION: THE BARTHEL INDEX. 
Md State Med J. 1965;14:61–5.

 65. Martínez‑Velilla N, Casas‑Herrero A, Zambom‑Ferraresi F, Sáez de Asteasu 
ML, Lucia A, Galbete A, García‑Baztán A, Alonso‑Renedo J, González‑Glaría 
B, Gonzalo‑Lázaro M, et al. Effect of exercise intervention on functional 
decline in very elderly patients during acute hospitalization: a rand‑
omized clinical trial. JAMA Intern Med. 2019; 179(1):28‑36.·https:// doi. org/ 
10. 1001/ jamai ntern med. 2018. 4869.

 66. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, 
Scherr PA, Wallace RB: A short physical performance battery assessing 
lower extremity function: association with self‑reported disability and 
prediction of mortality and nursing home admission. J Gerontol. 1994; 
49(2):M85‑94.·https:// doi. org/ 10. 1093/ geronj/ 49.2. m85.

 67. Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB: Lower‑
extremity function in persons over the age of 70 years as a predictor of 
subsequent disability. N Engl J Med. 1995; 332(9):556‑561.·https:// doi. org/ 
10. 1056/ nejm1 99503 02332 0902.

 68. Perera S, Mody SH, Woodman RC, Studenski SA: Meaningful change and 
responsiveness in common physical performance measures in older 
adults. J Am Geriatr Soc. 2006; 54(5):743‑749.·https:// doi. org/ 10. 1111/j. 
1532‑ 5415. 2006. 00701.x.

 69. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, See‑
man T, Tracy R, Kop WJ, Burke G, et al. Frailty in older adults: evidence for 
a phenotype. J Gerontol A Biol Sci Med Sci. 2001; 56(3):M146‑156.·https:// 
doi. org/ 10. 1093/ gerona/ 56.3. m146.

 70. Rikli RE, Jones CJ. Development and validation of a functional fitness test 
for community‑residing older adults. J Aging Phys Activity. 1999; 7(2):129‑
161.·https:// doi. org/ 10. 1123/ japa.7. 2. 129.

 71. Pedrero‑Chamizo R, Gómez‑Cabello A, Delgado S, Rodríguez‑Llarena S, 
Rodríguez‑Marroyo JA, Cabanillas E, Meléndez A, Vicente‑Rodríguez G, 
Aznar S, Villa G, et al. Physical fitness levels among independent non‑
institutionalized Spanish elderly: the elderly EXERNET multi‑center study. 
Arch Gerontol Geriatr. 2012; 55(2):406‑416.·https:// doi. org/ 10. 1016/j. 
archg er. 2012. 02. 004.

 72. Washburn RA, Smith KW, Jette AM, Janney CA. The Physical Activity 
Scale for the Elderly (PASE): development and evaluation. J Clin Epi‑
demiol. 1993; 46(2):153‑162.·https:// doi. org/ 10. 1016/ 0895‑ 4356(93) 
90053‑4.

 73. Granger CL, Parry SM, Denehy L. The self‑reported Physical Activity Scale 
for the Elderly (PASE) is a valid and clinically applicable measure in lung 
cancer. Support Care Cancer. 2015; 23(11):3211‑3218.·https:// doi. org/ 10. 
1007/ s00520‑ 015‑ 2707‑8.

 74. Sattler MC, Jaunig J, Tösch C, Watson ED, Mokkink LB, Dietz P, van 
Poppel MNM. Current evidence of measurement properties of physi‑
cal activity questionnaires for older adults: an updated systematic 
review. Sports Med. 2020; 50(7):1271‑1315.·https:// doi. org/ 10. 1007/ 
s40279‑ 020‑ 01268‑x.

 75. Schindelin J, Arganda‑Carreras I, Frise E, Kaynig V, Longair M, Pietzsch 
T, Preibisch S, Rueden C, Saalfeld S, Schmid B, et al. Fiji: an open‑source 
platform for biological‑image analysis. Nat Methods. 2012; 9(7):676‑
682.·https:// doi. org/ 10. 1038/ nmeth. 2019.

 76. Seynnes OR, Cronin NJ. Simple Muscle Architecture Analysis (SMA): an 
imageJ macro tool to automate measurements in B‑mode ultrasound 
scans. PLoS One. 2020; 15(2):e0229034.·https:// doi. org/ 10. 1371/ journ al. 
pone. 02290 34.

https://doi.org/10.1186/s12877-020-01821-3
https://doi.org/10.1186/s12877-020-01821-3
https://doi.org/10.1016/j.jgo.2019.05.001
https://doi.org/10.1007/s00520-015-2860-0
https://doi.org/10.1007/s00520-015-2860-0
https://doi.org/10.1080/09593985.2017.1359869
https://doi.org/10.1080/09593985.2017.1359869
https://doi.org/10.1007/s11764-017-0623-2
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1007/s00268-018-4844-y
https://doi.org/10.1136/bjsports-2016-096651
https://doi.org/10.1136/bjsports-2016-096651
https://doi.org/10.1007/s12603-021-1665-8
https://doi.org/10.1007/s12603-021-1665-8
https://doi.org/10.1007/s00421-022-05045-8
https://doi.org/10.1007/s00421-022-05045-8
https://doi.org/10.1007/s40279-022-01690-3
https://doi.org/10.1007/s40279-022-01690-3
https://doi.org/10.1249/mss.0000000000002038
https://doi.org/10.1249/mss.0000000000002038
https://doi.org/10.1038/s41598-018-19764-6
https://doi.org/10.1038/s41598-018-19764-6
https://doi.org/10.1016/s0959-8049(01)00448-8
https://doi.org/10.1016/s0959-8049(01)00448-8
https://doi.org/10.1111/codi.15295
https://doi.org/10.1007/s12094-011-0616-y
https://doi.org/10.1007/s12094-011-0616-y
https://doi.org/10.1016/j.regg.2019.05.001
https://doi.org/10.1016/j.regg.2019.05.001
https://doi.org/10.1038/bjc.2013.407
https://doi.org/10.1001/jamainternmed.2018.4869
https://doi.org/10.1001/jamainternmed.2018.4869
https://doi.org/10.1093/geronj/49.2.m85
https://doi.org/10.1056/nejm199503023320902
https://doi.org/10.1056/nejm199503023320902
https://doi.org/10.1111/j.1532-5415.2006.00701.x
https://doi.org/10.1111/j.1532-5415.2006.00701.x
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1123/japa.7.2.129
https://doi.org/10.1016/j.archger.2012.02.004
https://doi.org/10.1016/j.archger.2012.02.004
https://doi.org/10.1016/0895-4356(93)90053-4
https://doi.org/10.1016/0895-4356(93)90053-4
https://doi.org/10.1007/s00520-015-2707-8
https://doi.org/10.1007/s00520-015-2707-8
https://doi.org/10.1007/s40279-020-01268-x
https://doi.org/10.1007/s40279-020-01268-x
https://doi.org/10.1038/nmeth.2019
https://doi.org/10.1371/journal.pone.0229034
https://doi.org/10.1371/journal.pone.0229034


Page 14 of 14Macías‑Valle et al. BMC Geriatrics          (2023) 23:314 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 77. Narici M, McPhee J, Conte M, Franchi MV, Mitchell K, Tagliaferri S, Monti E, 
Marcolin G, Atherton PJ, Smith K, et al. Age‑related alterations in muscle 
architecture are a signature of sarcopenia: the ultrasound sarcopenia 
index. J Cachexia Sarcopenia Muscle. 2021; 12(4):973‑982.·https:// doi. org/ 
10. 1002/ jcsm. 12720.

 78. Cruz‑Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, Cooper 
C, Landi F, Rolland Y, Sayer AA, et al. Sarcopenia: revised European consen‑
sus on definition and diagnosis. Age Ageing. 2019; 48(1):16‑31.·https:// 
doi. org/ 10. 1093/ ageing/ afy169.

 79. Fearon K, Strasser F, Anker SD, Bosaeus I, Bruera E, Fainsinger RL, Jatoi A, 
Loprinzi C, MacDonald N, Mantovani G, et al. Definition and classifica‑
tion of cancer cachexia: an international consensus. Lancet Oncol. 2011; 
12(5):489‑495.·https:// doi. org/ 10. 1016/ s1470‑ 2045(10) 70218‑7.

 80. ATS/ERS Statement on respiratory muscle testing. Am J Respir Crit Care 
Med. 2002; 166(4):518‑624.·https:// doi. org/ 10. 1164/ rccm. 166.4. 518.

 81. Mora‑Romero UdJ. Gochicoa‑Rangel L. Guerrero‑Zúñiga S, Cid‑Juárez 
S, Silva‑Cerón M, Salas‑Escamilla I, Torre‑Bouscoulet LJ. Presiones 
inspiratoria y espiratoria máximas: Recomendaciones y procedimiento. 
2014;73(4):247–53.

 82. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta 
Psychiatr Scand. 1983; 67(6):361‑370.·https:// doi. org/ 10. 1111/j. 1600‑ 0447. 
1983. tb097 16.x.

 83. Snaith RP: The hospital anxiety and depression scale. Health Qual Life 
Outcomes. 2003; 1:29.·https:// doi. org/ 10. 1186/ 1477‑ 7525‑1‑ 29.

 84. Holden MK, Gill KM, Magliozzi MR, Nathan J, Piehl‑Baker L. Clinical gait 
assessment in the neurologically impaired. Reliability and meaningful‑
ness. Phys Ther. 1984; 64(1):35‑40.·https:// doi. org/ 10. 1093/ ptj/ 64.1. 35.

 85. Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, de 
Santibañes E, Pekolj J, Slankamenac K, Bassi C, et al. The Clavien‑Dindo 
classification of surgical complications: five‑year experience. Ann Surg. 
2009; 250(2):187‑196.·https:// doi. org/ 10. 1097/ SLA. 0b013 e3181 b13ca2.

 86. Charlson ME, Pompei P, Ales KL, MacKenzie CR: A new method of clas‑
sifying prognostic comorbidity in longitudinal studies: development and 
validation. J Chronic Dis. 1987; 40(5):373‑383.·https:// doi. org/ 10. 1016/ 
0021‑ 9681(87) 90171‑8.

 87. Doyle DJ, Goyal A, Garmon EH: American Society of Anesthesiologists 
Classification. In: StatPearls. edn. Treasure Island (FL): StatPearls Publishing

 88. Henriksson A, Johansson B, Radu C, Berntsen S, Igelström H, Nordin K. Is it 
safe to exercise during oncological treatment? A study of adverse events 
during endurance and resistance training ‑ data from the Phys‑Can study. 
Acta Oncol. 2021; 60(1):96‑105.·https:// doi. org/ 10. 1080/ 02841 86x. 2020. 
18510 46.

 89. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, McLeod L, 
Delacqua G, Delacqua F, Kirby J, et al. The REDCap consortium: building 
an international community of software platform partners. J Biomed 
Inform. 2019; 95:103208.·https:// doi. org/ 10. 1016/j. jbi. 2019. 103208.

 90. Quinten C, Coens C, Ghislain I, Zikos E, Sprangers MA, Ringash J, Mar‑
tinelli F, Ediebah DE, Maringwa J, Reeve BB, et al. The effects of age on 
health‑related quality of life in cancer populations: A pooled analysis 
of randomized controlled trials using the European Organisation for 
Research and Treatment of Cancer (EORTC) QLQ‑C30 involving 6024 
cancer patients. Eur J Cancer. 2015; 51(18):2808‑2819.·https:// doi. org/ 
10. 1016/j. ejca. 2015. 08. 027.

 91. Bouwstra H, Smit EB, Wattel EM, van der Wouden JC, Hertogh C, Terluin 
B, Terwee CB. Measurement properties of the Barthel index in geriatric 
rehabilitation. J Am Med Dir Assoc. 2019; 20(4):420‑425.e421.·https:// doi. 
org/ 10. 1016/j. jamda. 2018. 09. 033.

 92. Patel AV, Friedenreich CM, Moore SC, Hayes SC, Silver JK, Campbell KL, 
Winters‑Stone K, Gerber LH, George SM, Fulton JE, et al. American college 
of sports medicine roundtable report on physical activity, sedentary 
behavior, and cancer prevention and control. Med Sci Sports Exerc. 2019; 
51(11):2391‑2402.·https:// doi. org/ 10. 1249/ MSS. 00000 00000 002117.

 93. Schmitz KH. American College of Sports Medicine Roundtable on 
exercise guidelines for cancer survivors (vol 42, pg 1409, 2010). Med 
Sci Sports Exercise. 2011; 43(1):195‑195.·https:// doi. org/ 10. 1249/ MSS. 
0b013 e3182 02a00a.

 94. Fox L, Cahill F, Burgess C, Peat N, Rudman S, Kinsella J, Cahill D, George G, 
Santaolalla A, Van Hemelrijck M. Real world evidence: a quantitative and 
qualitative glance at participant feedback from a free‑response survey 
investigating experiences of a structured exercise intervention for men 

with prostate cancer.  BioMed Res Int. 2017, 2017:1‑10.·https:// doi. org/ 10. 
1155/ 2017/ 35071 24.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1002/jcsm.12720
https://doi.org/10.1002/jcsm.12720
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1016/s1470-2045(10)70218-7
https://doi.org/10.1164/rccm.166.4.518
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.1186/1477-7525-1-29
https://doi.org/10.1093/ptj/64.1.35
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1080/0284186x.2020.1851046
https://doi.org/10.1080/0284186x.2020.1851046
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1016/j.ejca.2015.08.027
https://doi.org/10.1016/j.ejca.2015.08.027
https://doi.org/10.1016/j.jamda.2018.09.033
https://doi.org/10.1016/j.jamda.2018.09.033
https://doi.org/10.1249/MSS.0000000000002117
https://doi.org/10.1249/MSS.0b013e318202a00a
https://doi.org/10.1249/MSS.0b013e318202a00a
https://doi.org/10.1155/2017/3507124
https://doi.org/10.1155/2017/3507124

	Exercise effects on functional capacity and quality of life in older patients with colorectal cancer: study protocol for the ECOOL randomized controlled trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Methods
	Study design and ethical approval
	Study participants, screening and recruitment
	Randomization and blinding

	Interventions
	Control group (CG)
	Intervention group (IG)
	Exercise intervention
	Resistance training
	Endurance training
	Inspiratory muscle training (IMT)
	Exercise progression
	Adherence and exercise monitoring

	Primary outcomes
	Health-related quality of life
	Functional capacity

	Secondary outcome measures
	Physical performance
	Frailty
	Physical fitness
	Physical activity
	Sarcopenia and cachexia
	Inspiratory muscle function
	Anxiety and depression
	Ambulation ability
	Surgical complications
	Hospital length of stay, readmissions, and mortality
	Other variables

	Adverse events and patient-reported outcomes
	Data collection and access
	Sample size and statistical power
	Statistical analysis

	Discussion
	Anchor 41
	Acknowledgments
	References


